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FOREWORD N %Q
It is my great pleasure to introduce a newed by Professor

Kaushik Bose and Dr. Jyoti Ratan Ghosh from, twigtiniversities of West

Bengal, India.

It is the 6™ volume edited by or Bose and his colleagues. The
previous ones covered research topicSgon various aspects of thinness and
obesity as the two ends of the distribution of growth parameters in children
and two main evils of moder Iety widespread all over the world.

The new volume gdeal the current aspects of childhood
malnutrition, whichg inuation of the same research direction that
was followed in tHg\previgus publications.

The prob Inutrition as well as the problem of obesity is faced
by many cguntfies Mow, and the discussion of the studies concentrating on
this issu€%s timely and important.

Ofycourse the volume does not cover all possible aspects of this

ated problem. However it highlights many of those. Among them,
| ition and infection, malnutrition and immunization, socioeconomic

and gender impacts on malnutrition, mother’s nutritional status and early
: @childhood development, etc. Some examples of undernourishment of

children and adolescents in different Indian populations and how it is
O influencing their physical development are also given in the book.



X Elena Godina

The first entry in the volume needs special discussion. It is a paper
written by the famous auxologists Michael Hermanussen, Barry Bogin and
Christiane Scheffler who claim that the most important characteristic of
human physical status — stature — is more influenced by social than
nutritional stimuli. This is the hypothesis of so called “communal effect on
growth”, which presents a highly topical issue in the latest auxological a
medical literature. *

Such is the circle of problems discussed in the book. \

I am sure that this new publication on malnutrition wi reat
interest to many specialists in different fields — anthropology, iatrics,
health care, sports science, among others, as well as to th %}Ublic, to
all those who are interested in children’s growth and N t

In conclusion | would like to congratulat ith this serious
undertaking and wish them to publish more ne in continuation of
this research series dedicated to the importaqt isStes 6f public health care.

Elena Godina, PhD, DSci

Professor of Anatomy and Biological Anthropology
Leadi earcher, Head of Auxology Department
nstitute and Museum of Anthropology,

<E , Lomonosov Moscow State University;
the Anatomy and Anthropology Department,

Russian Univ Physical Education, Sports, Youth and Tourism;
Editgr skovskogoUniversiteta. Series XXIIl.Antropologia”

Exec& or “Journal of Physiological Anthropology and Applied
Human Sciences”
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PREFACE . %Q

The world is undergoing a rapid epidand nutritional
e a

transition characterized by persistent nutrition ncies, as evidenced

by the prevalence of stunting, ane irgn” and zinc deficiencies.
Concomitantly, there is a pr rise in the prevalence of
obesity.Malnutrition is one of the important grounds for improper

physical and mental develo
excessive body weight conc
economic development. i
Every country 4
malnutrition. Co
global health . Infants, children and adolescents are at particular
risk of n’1 iop. In children, malnutrition has particularly significant
health &ences during both early development and adulthood.
nutsition) endangers children’s survival, health, growth and
ment, slows national progress towards the developmental goals and

thus inishes the strength and capacity of nation. The developmental,

economic, social, and medical impacts of the global burden of malnutrition
: @are serious and lasting, for individuals and their families, for communities

t of children. The problem of low or
untries with different levels of socio-
edical, social, and economic issue.

Id is affected by one or more forms of

and for countries.
Nutrition research can be aimed at identifying the various social,
O cultural, political, and economic factors of nutrition in order to fully
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understand the underlying causes of malnutrition. Nevertheless, exploring
the issues of food security, dietary diversity, and infant-feeding practices can
provide a comprehensive understanding of a population’s nutritional status.

In view of the above, this book is devoted to the issues in childhood
malnutrition.Though, it is not possible to cover all aspectes of childhood
malnutrition in one book, we attempt to contribute our best effort to addre
the issue. *

In the first chapter, Hermanussen et al. discussed how stature a
social rather than nutritional status in human. It was also obs
differences in body height between different classes are nej
differences in nutrition nor by differences in health. . ¢

In the next chapter Karim et al. report about N ualities in
nutrition among under five children in rura ajshahi district,
Bangladesh. The authors report that boys ha ourable nutritional
status compared with girls. The study als at the inferior socio-
cultural position of women in the st @

Next, Roy and Senhave attracteéd @Ur attention on the issue of polio
immunization and malnutrition. The chapter presents an overview on studies
that clearly depicted that ourished children are suffering the
ineffectiveness of polio v

The fourth chapter b Dut and Sengupta highlighted on under nutrition

sed by

among the adolesc Idren of upper Assam. The study shows that
Ahom children_areyfacing a risk of underweight as the prevalence of
underwe¢ght ting and thinness.
Maha Sen in the fifth chapter of this book highlights on the
relevafice o n—fat phenotype. Moreover, the authors also developed and
alidat improved tools to measure adiposity in infants and young

dren suitable for South Asia.
the next chapter, Pruszkowska-Przybylskashows the influences of
environmental and genetic factors on body mass and proportion among
@individuals on the progressive stages of ontogenesis in Poland. The paper
A also highlighted on malnutrition and epigenetics.

Bharati et al. in the seventh chapterdepicts the prevalence of overweight
and obesity among 6-10 year children and investigates the probable risk
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factors of childhood obesity. The authors show that the children of private
schools are more obese than public schools. The study also shows that
durations of television watching, games, junk food, family history and
morbidityare the risk factors for increasingchildhood obesity.

The eighth chapter by Lipoeto and Helmizar discuss on the relationship

of children in achieving optimal growth potential is the result of a
nutritional needs.

The next chapter on the nutritional status of tribal chil er five
years of age in ITDA Paderu Division of Andhra Prafe h%egiri and
Nayak shows that prevalence of stunting, underweig N g is 51%,
49.2%and 32.2%, respectively. The study alsoshighlightee that the feeding
practices in the early infancy are satisfactory, e infancy and early
childhood, there is deficiency in the frequgncy adequacy of the feeds
leading to wasting andstunting.

Ghosh et al. reported about the affecting thinness among school
children of PurbaMedinipur, West Bengal and found that the prevalence of
thinness was lower among bo ared to girls. The study also shows that

parents education, fathers , sanitation, number of living room and
illness were significantlylassogiated with thinness among them.

between socio-economic statuses with nutritional status among first gra
school children of Padang, Indonesia. The study also reveals that the,grawth
a

The study on h of the rural children of Purulia, West Bengal,
India by Ghosh_and, Chatterjeeshows poor health status of the children
irrespective ic status. The study shows that lack of diet related
knowled rents is the primary cause for theirpoor health status.

Infchaptertwelve Ghosh and Bose discuss about the interrelationship

etw nutrition and childhood infections. The study reports that
nutbition as a result of disordered nutrient assimilation increase
S

RX4

tibility to infections in children through impaired immunity.

We sincerely acknowledge all contributing authors for their valuable
contribution, because their expertise and insights will be very helpful to the
interested readers as well as researchers working on childhood malnutrition.
The theme and the content of the book may also be of interest to a number
of academic disciplines including biological anthropology, publichealth,
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epidemiology, paediatrics, nutrition, primary health care and other allied
fields.

The authors also express their sincere thanks to NOVA Science
Publishers, New York, U.S.A. for their support and kind cooperation,
without which the publication of this book would not been possible.

Editars

Dr. Jyoti Ratan X
Prof.%
0\%
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Chapter 1 TS Q

STATURE SIGNALS SOCIA
THAN NUTRITIONA

Michael Herman g ry Bogin?’

and Christia chefflerd?

Altenhof, Germany

ersity, School of Sport,
ealth Sciences, UK

dam, Institute of Biochemistry
and Biglogyakuman Biology, Potsdam, Germany

é)\Q

When human biologists, sociologists, psychologists, economists, and

ical professionals consider basic social interaction patterns, it is often
rgotten that people are social mammals. Competition for resources and
struggle for reproductive success are universal and require adaptation
strategies to the given physical and social environment. Like other social
mammals, people also join together in groups, experience group

* Corresponding Author’s Email: michael.hermanussen@gmail.com.
 Corresponding Author’s Email: b.a.bogin@Iboro.ac.uk.

I Corresponding Author’s Email: christiane.scheffler@uni-potsdam.de.

ABSTRACT




2 Michael Hermanussen, Barry Bogin and Christiane Scheffler

membership, are superior or dominant over some people, "at eye level"
with other group members, but are also excluded or dominated by some
and are required to "pull their heads in" - "make themselves small” - in
order to survive the competition with the greatest possible success.

It has long been known that body height and mass have signaling
functions among social mammals (Cinnirella and Winter 2009). This also
applies for humans. Humans are able to perceive physical size as a signal
of social dominance. The greater influence of perceived taller humans in a
negotiation task has been described by Huang et al. (Huang et al. 2Q02):
Taller men are perceived as more competent and authoritative (e.g., Yo
and French 1996; Judge and Cable 2004; Cinnirella and Wigter U\
Also, children watching interactions between other people recoghiZe ¢
that predict dominance such as differences in physical size al of
people forming an alliance (Lourenco et al. 2016). L 2

AN

DOMINANCE AND BODY T

Recent studies in wild Kalahari @ @ata suricatta) suggested

that social dominance itself can be astr@hg growth impulse. Meerkats that,
“...acquire dominant status, show a sec@udary period of accelerated growth
whose magnitude increases i ifference between their own weight and
that of the heaviest subo of'the same sex in their group is small”
(Huchard et al. 2016). Itlis the relative, not the absolute size that serves as

13

the signal for. (to) adjust their growth to the size of their

closest competitor example, the growth of individual animals that
are Iow"n t ierarchy is stimulated beyond the usual level by
targeted s ary feeding, hierarchically higher group members may
feel t a& This threat can increase the growth rate. Meerkats adapt

vi owth rates competitively to social conditions. They grow
z ically". Huchard et al. showed that the abolition of reproductive
S ssion and the reorientation of life history strategies with the
acquisition of a dominant position is accompanied by corresponding
hormonal changes, with higher estradiol and progesterone levels in females
and higher cortisol levels in both sexes. Also, in other social species
subordination leads to inhibition of growth and dominance to stimulation of
growth.

Q\
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Sapolsky and Spencer (1997) investigated the relationship between
social status and IGF-1 (Insulin-like Growth Factor 1) in baboons and
observed that social subordination was associated with suppression of IGF-
1 concentration. Bartos and colleagues (1998) showed in Pudus, a South
American deer species, that from September to November (the second part
of the antler growth period), the IGF-1 levels of dominant males we
significantly higher than those of subordinate males. TS

Body height and IGF-1 are related. But relations between soua%
and IGF-1 are hardly described in humans. Kumari and Mita
investigated the association between social position, meas aternal
or own occupational class, and IGF-1. Low IGF-1 am sociated
with lower social position. The association was va s and was

independent of the social position at birth.
€ &) dividuals does not

The small number of endocrinological st
However, extensive historical data st ts that strategic growth also plays
arole in humans.

In contrast to meerkats w

not stop growing at the beginning of the
reproductive age, human fully grown at a time when they start
to achieve leading positions ifsociety. As strategic adjustments of growth

and body height place after adolescence, short adults who
occupy import itions thus, often tend to underline their social role by

particulagly everyone is familiar with the "little Napoleon" or
"short ma :

Infhum dolescents, even the prospect of a later dominant social

0Sitio s to stimulate growth. Kings and members of the aristocracy

e always grown taller than the ordinary people. Height measurements of
arls School students from the late 18th century show that young
aristocrats grew significantly taller than their non-aristocratic schoolmates —
irrespective of diet, health and general living conditions (Hartmann 1970).
This is an interesting story.
Between 1763 and 1767, the Duke Carl Eugen of Wiirttemberg had a
hunting lodge built near Stuttgart. His adjutant, Colonel von Seeger,
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suggested that he set up a school for children of military soldiers in the 0 ¢
adjoining buildings of the palace. This soon developed into a military
academy, the so-called Hohe Carlsschule, where the young people were
subjected to a strict but excellent education under the eyes of the sovereign.
Many officers, civil servants and people from the state now sent their sons
to this institution which gradually transformed into an elite education
institution. Snobbery and other discriminatory behavior based og sagial
differences were not tolerated. School lessons lasted eight hours &
including physical exercises and drill hours. The boys wore u m
subject to military ceremonial, and lived in military barrack:

2

. \

igh aristocracy

170

= low aristocrac
160 - 0 4
— |ow SES

g B B

height in cm

3 8
®

N

] 8 0 12 14 16 18 20 22
age in years

Figure 1. Body height of Carlsschule students from high aristocracy, lower aristocracy
: and lower social classes (low SES). The young aristocrats were on average 10cm taller

than youths from the lower social classes. The young people only differed in their

future prospects, rather expecting an aristocratic, or a more subordinate life style.
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In the beginning there were no holidays at all, later only very short ones,
so that teachers and pupils practically constantly lived together. The body
size of the pupils was regularly measured and there are large sets of data on
more than 1000 boys, some of which were measured over many years at very
regular intervals (Hartmann 1970).

Figure 1 shows body height of Carlsschule students from hi
aristocracy, low aristocracy and lower social classes. The young aristoegats
were on average 10cm taller than youths from the lower social CX
regardless of equal living conditions of all the boys and even r
separation from their parents' lifestyle. These young people galy differed in
their future prospects: some expected an aristocratic, ¥.e., nt social
life, the others subordination. \

Social differences in body height have lo
explicitly wrote in 1925 (Schlesinger 1925):

. Schlesinger

“The length curves of gramm ls s and upper secondary
school students are always sev timeters higher than those of
elementary school students [did not attémd grammar or secondary school].
The lowest curve is that of t ildren ffom the auxiliary school, most of
whom originated from the letariat. The growth advantage of the
well-developed, well- from the grammar schools over their
less well-off peers fromythe glementary school equals at least a one year's
growth rate in ater in childhood and compared with less well-
developed their growth rate may double or even exceed 2-3 years'
growth ral ifference in growth rate is not only great, it is also
extrao&l gular. The average lengths of groups of children of the
safe a nd of the same developmental level allow a reliable
classification of the social composition of those groups. In terms of weight

, these differences are far from being so great and regular. Before

erty the differences correspond to half or three quarters of an annual
amount of growth”.

These social class differences could not be explained by the amount or
quality of food eaten by the children. Numerous publications before, during
and after the First World War underline that differences in body height
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L 4
between different classes are neither caused by differences in nutrition nor Q

by differences in health (Hermanussen et al. 2018a,b). \Q

Eveleth and Tanner (1990) wrote "Human differ in size". Child e@
tall parents tend to grow taller than children of short parents. The %
y

populations — Dutch men have an average height of 184 cm an cu

COMMUNITY AND BODY HEIGHT

considered the tallest (Fredriks et al. 2000) — and there are s tions,
such as people from Guatemala or Indonesia. Since e, these
observations gave rise to speculations about the geneti y height. The

literature is still full of estimates claiming that%gime 8@%%o 80% of body
height variation is supposed to be genetic. THhi nogrtrue. Around 1865
Dutch recruits were on average 16 @ shorter than modern
Indonesians. At present, modern an lescents grow similar to
Hamburg Latin school students in 9 (Kotelmann 1879). The amazing

increments in body height of Europeans'$tarted at the beginning of the 20™
century. The NCD Risk Fac aboration (NCD-Risk 2016) described

changes in average body Q to plus 20cm within populations during

the last hundred years. Ruringjthe past century several very short national

groups became v d some of the tallest in the past are today

relatively shor; of European origin in the United States of America
were thebtall orld in the year 1900 but today rank 38" of the 201
nations i D-Risk database. The relatively slow generational

uman societies, with comparatively small number of
and thus relatively little change in the genome of a society,
that the body height trends in the course of only four to five
generations can hardly be explained by genetics. Using genome-wide
association study (GWAS), Tyrrell et al. (2016) described that the 396

genetic variants studied by them explained only 12.3% of the variance in

adult size. In contrast to the high variability of body height between

populations, the variability of body height within populations appears rather
small. More than 10 years ago, Christakis and Fowler (2007) described the
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spread of obesity in social networks and highlighted the similarity in weight
among people who know each other: you are always as fat as your friends.
This also applies to body height. Studies of Swiss and Norwegian military
conscripts showed that height is related within geographically neighboring
districts (Bents et al. 2017, 2018). People whose places of residence are close
to each other are more similar in height than people who do not or rare

meet. We call this "community effect in body height" (Assmann «nd
Hermanussen 2013). The community effect in body height describes,t

“effect of social interaction within a group, on growth and bo 1g

members”. The physiology underlying this phenomenon is u but the
corresponding demographic statistics are impressive. ®Fj ows the
distribution of body height of Swiss (Schaffhausen) ipts of the late

19" and late 20™ century. Average height of thisyop

born 1 88@

6 .1l born {98

'

S

a
o4®
S o

U
o\
=2

150 160 170 180 190
height (cm)

on

A Figure 2. Distribution of body height of Swiss (Schaffhausen) conscripts of the late

19th and late 20th century. Average height of this population has increased by almost
O 15cm (Hermanussen 2013, reprinted with kind permission of Schweizerbart).
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Body height adjustments are not necessarily slow phenomena that take
place during long historical periods. Children of migrants and adolescents
with lower social status adjust in height to the average body height of their
new reference population already within the first generation (Bogin et al.
2018). Figure 3 shows the "community effect in body height" among
children of Guatemalan parents who lived in Guatemala and children wi
migrated to the USA. Migrant children had grown one and a half, to4Wwo
standard deviations (about 8-12cm depending on age) taller thaN
nephews and cousins who had stayed in Guatemala.

Spier (1929) described the adaptation of migrant body height&o height

of the new peer-group some 90 years ago in Japanese $eo grew up
in the USA. \

25

—aya Gua 1998
e Maya FL LA 1992
o Maya LA 2000

percent frequency per 0.5 z-score class

-2 0
observed height z-scores

-4

Figured'. "Community effect in body height" among children of Guatemalan parents

ved in Guatemala and children who migrated to the USA. Height is given in
height standard deviation (z-) scores referred to modern WHO references. Migrant
children (Maya FL LA 1992 and Maya LA 2000) had grown one and a half to two
standard deviations (about 8-12cm depending on age) taller than their nephews and
cousins who had stayed in Guatemala (Maya Gua 1998). ‘Maya FL La 1992’ and
‘Maya La 2000’ refer to groups of ethnically Maya children, ages 5-12 years old,
measured in Florida or Los Angeles, California in the years 1992 and 2000 (Bogin et
al. 2018).
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L 4
Spier found no explanation for this phenomenon, in particular, no Q

evidence of dietary influence. \Q

Apart of the belief in genetic influences, nutrition has also been & i@
an important role in the regulation of growth. Lartey (2015) writes: N
is increasing agreement among the nutrition community aboUtthe f
length/height-for-age as the indicator to monitor theion act of

chronic nutritional deficiencies”.
Lartey calls stunting (stunting is defined as groNNevelopmental

disorders experienced by children througf ;% ition, repeated
infections and inadequate psychosocial stimuléation)an” indicator of linear
growth failure”, with “both long- an -termyconsequences affecting
growth and development and rk ntial". Prendergast and
Humphrey (2014) identified a "stunt yndrome" in developing countries.

And Black et al. (2013) estimated that 165 million children under the

BobDY HEIGHT AND NUTRITION

age of 5 are chronically maln d.
Children with a z-sc body height below -2, are by definition
regarded as "stunted", We., malnourished. Z-score values are statistical

measures. They indic e position of a measured value within its
distribution u standard deviation. If a person's body height is 2
standarddevi@e ow the population mean, he or she has a z-score value
of min
EXxpres S a percentage, a z-score of -2 says that about two and a half
pe | people of the same age and sex are shorter, and 97.5% taller,
an that person.

e belief in an association between "stunting™ and malnutrition has
existed since the early 1970s (Waterlow 1972) and the term stunting as a
synonym for malnutrition in the scientific literature became widely adopted

following an international Nestle workshop in 1988 (Waterlow 1988).

This was not always the case. Already at the end of the 19" century and
— this makes these observations so remarkable — explicitly in view of the
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catastrophic nutritional situation of the German civilian population after
World War I, German paediatricians wrote that "...the longitudinal growth
of the child is largely independent of the extent and type of nutrition...".
(Schlesinger 1919). Similar reports were made by other European
paediatricians.

It is not always easy to assess the nutritional status of a child. Based
the vision that the thickness of the subcutaneous fat layer allows statemets
on the nutrition status, many publications have been published in&
years, but none of them found a sustainable relationshi
subcutaneous fat depot and body height. Figure 4 shews @ur own
observations on body height (z-score values according V%ferences)
and triceps and subscapular skinfold thickness of h N 6" grade
schoolchildren of a rural (Soe) and an urban regign 0 in West Timor,
Indonesia. The inhabitants of this Indonesi
genetically similar, the everyday food is still g (raditional. Only in the
few urban centers, fast food pack a stic bags is increasingly
offered.

The rural children of Soe are ver ort; some 50% are stunted, with
body height below minus 2 st deviations (WHO reference), i.e., below

the 2.5" centile of the ref opulation.
The children of Ku@e on average one standard deviation taller

(approx. 5 - 6cm umber of "stunted children” is still high.
tional definition, these children must be considered
chronically d?' ed. Yet, the figure lacks evidence of a relevant
associatio& gefl skinfold thickness and body height. Children with little
subcut@neo t are not the shortest, and children with thicker fat tissue are
otthe , Neither in Soe nor in Kupang. The variation of the body height
ribution is very similar in both populations (Scheffler et al. 2019).
cent Indian data from "stunted children” of urban Kolkata (Scheffler
et al. 2018) similarly lack an association between height and nutritional
status, as measured by the strength of skinfold thickness. Even the
overweight children are short when referred on global references.
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Skinfold vs. Height (SDS WHO) - 6-12 year old children in West-Timor

rural region (Soe)

3
2
1 1 R?=0.039
0

Height SDS (WHO reference)
R
¢
{ %
p
7 .

’5 T T
0.0 50 100 150 200 i
Mean of skinfolds (subscapular a
urban region (Kupang) 0
1 R2=0.099
o

3
FER
P
,81- o 2T e
¢ o - - - :.‘___L_;
g < ". :
E il TR T
-2 "
-9y
=
=
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\ 5.0 100 150 20.0 25.0 30.0

Mean of skinfolds (subscapuar and triceps) (mm)

Body height (z-scores, WHO reference) and triceps and subscapular skinfold
ickngss of healthy 1st to 6th grade schoolchildren of a rural (Soe) and an urban
r (Kupang) in West Timor/Indonesian. The red line indicates average z-scores.
According to international definition, many children must be considered chronically
malnourished, but with R2 = 0.04, respectively, R2 = 0.1, the figure lacks evidence of a
relevant association between skinfold thickness and body height.
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THE DYNAMICS OF BODY HEIGHT TRENDS
AS EXPRESSIONS OF SOCIAL AND POLITICAL
CIRCUMSTANCES

The association between body height and social strata, the ethnic
variability, and the remarkable trends in height during the last centug/ o the
one hand, and on the other hand, the lack of convincing evidence for dene
and nutritional reasons for these patterns, suggest alternative inter; &

especially in view of recent observations in social mammalsE

As discussed above, social dominance itself canebe
impulse in Kalahari meerkats (Huchard et al. 2016): x re able to
adapt individual growth rates and grow "strategicahiyi dination may
lead to growth inhibition and dominance tWtimulaﬁon. These
observations are new. If we assume that such soctal influences on the control
of growth, the capacity for co e \growth, and the "strategic"

adjustment of body height are als human growth regulation, such
assumptions are radical. They do notSenly put many modern, but many

historical observations on gro‘%d data on adult height in a very different

light. Huchard and colle shewed via controlled experiments that
subordinate meerkats th@ h stimulated by targeted supplementary

feeding start to thr, hierarchically higher group members who
respond by growir@lhan usual without any additional food intake. Let
us assurQe th%ﬁ social meerkats, also members of the human lower
social strata,s 'strategically" adjust in body height, when the political
situatign StartSyfo promise social upgrade and a better future. In such a case,
mUst,_expect major dynamics in the body height of the upper social
esiduring these historic periods. In fact, this is the case.
feudal systems where social rank is inherited, class affiliations are
rigid and changes of class are rare. Such systems in fact lack dynamics in
growth. Aristocrats were generally taller than the common people (Figure
1). Historic European military data show stability in body height up to the

end of the 19" century. The wave of social revolutions of the first half of the
19" century was suppressed throughout Europe. Only in the Netherlands,
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the uprising in 1848 and 1849 led to democratic reforms. In Germany the
three-class right to vote persisted until the end of the imperial era. Figure 5
illustrates the changes of height of European conscripts, with significant
height trends since the mid-19'" century only in the Dutch (Kenntner 1963).

After World War 1, the political situation changed in most European
countries, and so did growth and height. Koch wrote in 1935:

“... even when they (adolescents) are on a starvation diet, their s\
ruthlessly increases until their bodies have used up their last

could even speak of a "parasitic" growth in length! Even during, theyyear
of severe hunger and the years of greatest unemployment, there yor
only a very slight decrease in the average heightyo ildren
compared to the pre-war period”.

And Schlesinger wrote in 1925: Q

“A completely new view on t s@ as provided by Pfaundler who
did not consider the short stature of§ghe underprivileged children as the
deviant, but on the contrary, rather disctigsed the excessive tallness of the
children of the rich”.

In other words, on@rost famous physicians in those days, the
Austrian-German Meinhard von Pfaundler (1872 - 1947),

considered the stimulated growth of young people from wealthy
families¢o b

Rev N r up hope. Hopes of social advancement and future
domirﬁl ulate growth, and lead to increasing height of young lower-
clas .

n this increase in height is perceived as social challenge in the
ant strata, it may cause upward trends in their body height, and

ultimately, may lead to a "strategic” upward spiral of body height growth of
! the entire population. Exactly this is found in the historic data.

Periods of democratization, but also times of political turmoil, when
social equality is promised and vertical mobility and an ascent from the
lower social strata becomes feasible, seem to be the motor of the exceptional
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body height increase observed in the European people since the end of the
feudal period. The opposite also occurs as is the case for African-American
women whose average adult height declined by 1.42cm in the first decade
of the 21% century, while average height for European-American women
increased slightly (Komlos 2010). During that decade, inequality between

blacks and whites increased in many social and economic indicato
(https://www.epi.org/publication/50-years-after-the-kerner-commissiorQ
body height of European conscripts Q
185 & Ly
oo \Sweden
Danmark

—Island

=
~
w

esm—Germany
170

1850 190 1950 2000
ription

r
Figure 5. Body height©f e:n conscripts, with significant height trends since the

mid-19*" century opl he Dutch (Kenntner 1963).
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ConSider this social and political mechanism, we can no longer
simply, in the shortness of many Third World populations as an
ression @f chronic malnutrition - indeed, modern Cochrane Systematic
jews (Visser et al. 2018) underline the insignificance of nutrition
tions in these countries, "Considering the current evidence base
included, supplementary food effects are modest at best" (ibid). We
understand the absence of secular height trends in these populations as an
expression of persistent feelings of being inferior. South Africans named this
inferiority complex by coining the term "white privilege"; be it the
consequence of colonial rule, be it lack of education, or an expression of
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L 4
perceived patronization in the face of the global spread and dominance of 0

Western life and moral codes. \Q
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The rate of literacy and household wealth index have been increasing
during last two decades, still gender inequality is a big problem in
5 Bangladesh regarding health and nutritional status. The objective of the

study was to investigate the association between children nutritional status

O * Corresponding Author’s Email: hossain95@yahoo.com.
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and socio-demographic factors. Also, we wanted to look gender inequality
in nutrition among children under five years old in the rural area of
Rajshahi district, Bangladesh.

It was a cross-sectional study with a sample size of 540 children (aged
6-59 months). Data were collected from the field survey conducted from
October to December 2016 in the rural areas of Rajshahi district,
Bangladesh by using multistage sampling technique.

Chi-square (?)-test was used to examine the associations between
under five children (aged 6-59 months) nutritional status and segio
demographic factors with gender inequlity. Binary logistic regression
used to find the effects of socio-demographic on the nutritignal v\
among the children (aged 6-59 months).

This study revealed that the prevalence of stunting childre
43.7%, among them 46.4% and 41.0% were girls and ®0 i
t >

The binary logistic model demonstrated that fathers S urs at
home were less likely to have stunted boys than those spent less time
(AOR = 0.360, 95% CI: 0.159-0.815; p < 0.05), Boy ame from a
female headed household were more likely to be % unted than their
counterpart (AOR = 0.412, 95% CI: 0.173-0.988; @°05). The mothers
who didn’t received antenatal care gesvi ore chance to have

enatal care services

stunted boys than who were
(AOR = 3.611, 95% CI: 1.537-8.4¢ 0.01). It was found that fathers
likely to have stunted girls than

who spent > 6 hours at home were [e
those who spent less time (AOR = 0.226995% CI: 0.097-0.524 p < 0.01).

Girls who came from poor ds were more likely to become stunted
than their counterpart (. 487, 95% CI: 0.195-0.978; p < 0.05). In
this study explored thdt sho ers (height <145cm) were more likely

to have stunted gir
95% Cl: 0.163-
were less likel
members

taller mothers (height >145 cm) (AOR = 0.383,
.05). Girls who had >6 members household
e stunted than the girls living with less than 3
AOR = 0.396, 95% CI: 0.175-0.896; p < 0.05). The
mother, ’t receive TT injection during pregnancy had more
cha \ stunted girls than who received TT injection during
prégnan OR = 0.529, 95% CI: 0.284-0.985; p < 0.05). The mothers
whe, didi’'t take iron-folic supplementation during pregnancy had more
0 have stunted girls than who took iron-folic supplementation
dufing pregnancy (AOR = 0.300, 95% CI: 0.099-0.905; p < 0.05). The
valence of underweight among preschool children was 39.6%, and the
prevalence of girls (40.8%) was higher than that of boys (38.5%). The
model demonstrated that boys aged 6-24 months had more chance to have
underweight than their counterpart (AOR = 0.503, 95% CI: 0.279-0.908; p
< 0.05). Fathers who spent >6 hours at home were less likely to have
underweight girls than those who spent less than < 2 hours (AOR = 0.383,
95% Cl: 0.159-0.922; p < 0.05).

N\

Qo
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Our findings show that boys had better nutritional status than that of
girls. Socio-demographic and nutritional service had positive impact on
nutritional status but unfortunately gender inequality still persist. An
improvement of girls’ health and nutritional status to a level of boys needs
broad-based interventions.

Keywords: gender inequality, nutritional status, multiples logistic

regression, Rajshahi district .

Gender refers to the socially constructed charact N omen and
men, this includes norms, roles and relationshi ab.eXist between them
(WHO, 2015). Gender inequality is the idea % bn that women and
men are not equal (Wood, 2005). It means e of social norms and
culture and even laws and rules thag rential access to control
over resources, services and opportti based on the sex (Balgir, 2009).
It arises from differences in socially cORstructed gender roles and refers to
unequal treatment due to t nder and often it is dichotomous and
hierarchical. Nutritional s the'levels of nutrients in the body which is
influenced by the diet afd utifization of nutrients (Bender, 2005), and it is
usually measured b etric measurements such as body mass index
(BMI) for adults ane, height for age, weight for age, weight for height, and
BMI pergenti ildren. (WHO, 2006). Nutritional status further greatly
influences widual’s growth, educational attainment, productivity,
repro ctlxccess and susceptibility to disease (Marphatia, 2016).

nutrition’ the extreme negative of nutritional status, is an abnormal

siglogical condition caused by deficiencies, excesses or imbalances in
e , protein and/or other nutrients, and resulting diet-related non-
communicable diseases (WHO, 2018).

Globally 20% of child deaths are still related to malnutrition (WHO,
2017). Gender equality in nutrition remains a big problem in major parts of
the world, particularly in developing countries. Improvements in nutritional
equality in gender are important to achieving the Sustainable Development

BACKGROUND Q
.
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Goals (SDGs), ending hunger and improving nutrition have remaineds a top
priority for international development. It is closely linked to some goals of
SDG such as number 2 of the SDGs (zero hunger) and number 5 (gender
equality). It strives to contribute to goals by exploring the link between
malnutrition and gender equality (Assembly, 2015).

Gender inequality in nutrition is strongly associated with eating, fo
distribution and nutritional habits that influence women andigr aqlen
nutritional status. Women and girls are the main victims of the
discrimination,” which results in chronic undernutrition and il

2015). Gender inequality can be a cause as well as an effec er-and
malnutrition. Not surprisingly, higher levels of &&
a

associated with higher levels of undernutrition, b d chronic
undernutrition (Mucha, 2012). Gender inequaki utrition through
their influence and interaction with health conditi ct different aspects
and dimensions of socioeconomic develop ortd Bank, 2006).
Although many developing ' cceeded in reducing
undernutrition, most of them failed tgnificantly reduce the inequalities
(Bredenkamp, 2014). Girls and wo are exposed to all sorts of

discrimination, abuse, and itation and often have less access to
nutrition (Dey, 2008). IniQ ntgolled by women is more frequently used

on food and health care for thesfamily and especially for children (UNICEF,
2011; Smith et al. er inequities and dynamics are a major social
determinant of health,andfiutrition outcomes (CSDH, 2008). Several studies
have alsg, re at’empowered mothers were able to reduce inequality
in nutritiox etween boys and girls (Bose, 2011). Gender inequality
in nutftion tus due to intra household allocation of resources has been
onsi eported in several parts of South Asia (Dey and Chaudhuri,
oestue, 2008; Dancer et al. 2008). Gender inequalities in quantity
ality of food intake may contribute to under-nutrition mainly in
settings where the girl child is still considered less important than the boy
child (Jawaregowda, 2015). One of the reasons believed to continue food
insecurity is the discrimination against women (Assan, 2013). Gender
differences in nutrition argue that household power relations are closely
linked to nutritional outcomes. When men had complete control over all
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decisions, women had significantly lower nutritional status than men
(Vlassoff, 2007).

In many societies women and girls eat the remaining food after the male
family members have eaten (FAO, 2015). Research indicates that cultural
norms about eating and women’s low social status often affect women’s
diets (Ransom, 2003). Some research has already been done on t
correlation between gender and childhood malnutrition in differentgpartglof
the world. Most of these research shows that there is a relation betweeky
two variables (Spears and Khera, 2013). Higher levels of gen n
are associated with higher levels of undernutrition (Kshatri . There
is a strong correlation between a higher level of gendét eq nd lower
level of child morbidity and mortality (FAO, 2013; %

Woman’s status does influence child’s nutrigi
of the world: South Asia, Sub-Saharan Africa, ane America and the
Caribbean (Smith, 2003). Evidence suggests,that ocial status of women
in South Asia contributes to nutritiog a roff, 2011).

The prevalence of undernutritio
years has declined globally but still rémains high in South Asia (Black,
2013). About 46% of the chi in South Asia are malnourished (The

South Asia Food and Nﬁ rity Problem, 2015). India has a high

in three regions

prevalence of undernutfitionfand a substantial level of gender disparity
(Kshatriya, 2016). ce of underweight in rural area is 50% versus
38% in urban areajand fiigher among girls (48.9%) than boys (45.5%)
(World Wnk@ the countries in South Asia, Bangladesh is the focus
of this stux its growing population and highest worldwide rate of
chroni€ mal ition; about 36% of the children were stunted and 33% were

nderweight (NIPORT, 2014). Female children are only slightly more likely
e Underweight (33%) compared with male children (32%) (NIPORT,
2 . Bangladesh characterises many South Asian countries where women

and girls experience inferiority in health and nutrition (Choudhury, 2000).
Various factors influence the rise in gender inequalities in nutrition. It is
the consequence of food availability and dietary intake, breastfeeding,
prevalence of infectious and parasitic diseases, access to health care,
immunization gains, major childhood diseases, vitamin A supplementation,
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maternal care during pregnancy, water supply and sanitation, socioeconomic
status, and health-seeking behaviour (Ndiku et al. 2011).

The present study aims to examine the association between socio-
demographic and nutritional status of under five children with gender

inequlity.
‘ Q
MATERIALS AND METHODS \
This was a cross sectional and household level study. wtor

survey design was prepared to explore a number i diverse
issues related to health and nutrition among moth%elr preschool
children. The proposed areas for this study we Ukal“areas in Rajshahi
district of Bangladesh. Rajshahi is one of thg g poverty zones in
Bangladesh (BBS, 2009). Around 2.3% h@n y representative, they
are most deprived population (BB

In the present study, all childre
of Rajshahi district, Bangladesh were

ged 6-59 months) in the rural areas
ansidered as the study population.

The data was collected fro ield survey conducted from October to
December, 2016. All sel s were interviewed by a group of expert
researchers.

Samplé*Sizé Detdrmination

T@ ing mathematical formula was used to determine the sample
Si study:

N
nN—= ————
1+ Nd?

A where, n = required sample size, N = household size (here 2,71,302),
O d = marginal error (we considered, d = 0.05), 95% confidence level (Cl) had

been considered (YYamane, 1967). The formula provided that the significant
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sample size was 399 for this study. Initially, we considered 540 under five

children for this study.

Sample Selection Procedures

all the population from all Upazilas of Rajshahi district. There are 9

Multistage sampling technique was utilized to select samples wv@
N

of Rajshahi district and in these Upazilas 232 Community Cli (C
running. In the first stage, 2 CCs had been selected from

zila by

second stage, 2 villages had been selected from each select catchments

selected

simple random sampling. A total of 18 (9 x 2) CC& cted. In the

areas by random sampling, total of 36 (18x2) vill:
third stage, 15 households had been selected

. In the
hyselected village by

random sampling which had at least o er ildren. The children
were identified by their identificati be Iding number or listing).
All information was got from respe nion Parishad (UP). If there was
more than one mother in same househol@, one mother had been selected by
lottery. If selected mother ha than one under five children, last born
children was considered. 0f/540 under five children were considered

as a sample in the present stu

o

Outcome V s for These Children

N@status was the outcome variable for the children. The
foll n

thropometric measurements were used for calculating

ritighal status of children (aged 6-59 months):

o Height for age (stunting) Z-score
e Weight for age (underweight) Z-score



26 Reazul Karim, Masud Rana, Abdul Wadood et al.

Nutritional status was classified into three classes on the basis of
z-scores, (i) under nutrition, (ii) healthy (normal), and (iii) over nutrition
(WHO, 2006).

Independent Variables for This Study
*
The following socioeconomic, demographic, anthropometric, hea
nutritional factors were considered as the independent vakiable

categories shown in the parenthesis:

Father’s occupation (1: Farmers, 2: Labour, 3: % i% Service
holder), Female headed household (1: Yes, 0: No), Fzﬁ\r e at home
(1: <3 hr, 2: > 4 hr), Household food securi ne day in last 12
month) (1: Yes, 0: No), Poverty status (1: % por, 2 = Poor, 3 =
Middle-rich), Children’s Gender (1: Boy: irls), Children’s age in
months (1: 6-24 month; 2: 25-59 m 38 height in centimeter (1:<
145 cm, 2: > 145, Total househ embers (1: <3; 2: 4-5; 3: >0),
Gestational at delivery [(>37 week (full ), <37 week (pre-term)]. Mother
received antenatal care (AN ices (1: Yes, 0: No), Mother’s antenatal
care (ANC) visit during cyy(1: 1-3 visit, 2: 4 or more visit), Mother
received tetanus toxoid{(TT)finjection during pregnancy (1: received TT
injection, 0: No r other took Iron-folic supplementation (IFS)
during pregna :Yes, 0:No), Mother took vitamin A capsule (VAC)
within si w@e Ivery (1: Yes, 0: No), Mother took extra food during
pregn : No), Mother took extra food during lactating (1: Yes,

an X
0: No@c)\elaken extra rest during pregnancy (1: Yes, 0: No).

%&Jol]ection Method and Instruments
!@ A partially structured and duly pre-tested questionnaire was used for

collecting data from the respondents. First of all, a pilot survey was
conducted in different study fields to observe whether there was any lacking
or drawback in the questionnaire. After proper modification, questionnaire

)
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was finalized and made ready for data collection. The questionnaire was
tested and validated by peers and other technical persons so as to ensure that
the questions elicited the required answer. The questionnaires was pre-tested
to check the length, content, question wording and language. The
guestionnaire was also pre-tested prior to data collection to ascertain content

and face validity. Reliability refers to quality control measure of da
collected. Before data collection, detailed study was based on the oljecties

of the study and on data collection techniques.

Data Processing and Management A4 \%

pn& dailyasis for accuracy
it w. coding was done
Ifg SPSS (IBM version
affect the interpretation

The answered questionnaires were checked
and completeness in recoding of responses.

<

Statistical Analysis @
Qualitative vari explained with mean and standard deviation.

Significant as s between two categorical variables were evaluated

by applying t statistical tests (Chi square test) at appropriate
probabili i-square (y%)-test was used in this study to examine the
ocidtion een children nutritional status and the selected socio-

variables. Significantly associated variables were considered

indépendent factors for further statistical model. Multiple logistic
I sion model was used to find the effect of socio-economic,
demographic and health factors on malnutrition of the under five children.
The results of the multiple logistic regression model were presented by
adjusted odds ratio (AOR) with 95% confidence interval (Cl) for the effects
of the associated factors. Statistical significance was accepted at p < 0.05.
Statistical analyses were carried out using SPSS software (IBM version 20).
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RESULTS

Descriptive Statistics for Children (Aged 6-59 Months)

The descriptive statistics provide a useful description for data from any
distribution, especially for variable with order and unordered categorigs?
Mean and standard deviation of the children age, height and wi Q
presented in this section.

Table 1 exhibits the distribution of children (aged 6—5@ y
gender. It was noted that out of 540 children, the numger d girls
were 273 (50.6%) and 267 (49.4%) respectively. n £0% boys
belonged to age group of 25-59 months and rest (3%6-24 months,

while 57.30% and 42.70% girls belonged to age -59 months and

6-24 months respectively (Table 1).

Table 1. Distribution of chil ed months) by gender
Age (in months) Gender Total
Girl
N % N %
6-24 114 42.70 218 40.40
25-59 153 57.30 322 59.60
Total 267 49.45 540 100

e rural areas of Rajshabhi district, Bangladesh

N, the number of sample, % e .
X%
Table 2.& , height and weight of children (aged 6-59 months)
O

riables Mean+SD MeantSD MD 95% CI for MD | Total, 540
Boys, 273 Girls, 267 Lower | Upper | MeantSD
Age (Month) 29.93+ 29.50 + 0.43 | -2.04 2.90 29.72 +
14.69 14.50 14.59
Height (cm) 83.49+ 81.58 + 1.91* | -0.16 3.97 82.55+
12.17 12.24 12.23
Weight (kg) 11.30+3.08 | 10.68+2.96 | 0.59* | 0.08 1.10 10.98 + 3.03

SD, Standard deviation; MD, Mean difference; Cl, Confidence interval; *, 5% level of significance.
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Table 2 shows the mean age, height and weight of children (aged 6-59
months) of the study area. It was observed that the mean age, height and
weight of 540 children were 29.72 + 14.58 months, 82.55 + 12.23 cm and
10.98 + 3.03 kg respectively. The mean age of boys and girls were 29.93 +
14.69 month and 29.50 £ 14.50 month respectively, and the mean difference
between two means was not statistically significant (p > 0.05). The me
height of boys (83.49 + 12.17 cm) was higher than that of girls §1.58 +
12.24 cm), and the difference between two values was statisx

significant (p < 0.05). The mean weight of boys (11.30 £
significantly higher than that of girls (p < 0.05).
Children nutritional status by gender

=Boys ®Girls O Total

%

43.7

39.6

\Y

Percentage of children
Noow oW o
E R 8

%)
S
L L

—

,_.
[T
L L

Underweight

Figure 1. §lutri

Fi \s ays the nutritional status of children (aged 6-59 months)
e@we prevalence of stunting among children was 43.7%, and the

among girls (46.4%) was higher than that among ef boys
41.09%), z-proportion test demonstrated that the difference between these
two proportions was not significant (p > 0.05). The prevalence of
underweight among preschool children was 39.6%, and the prevalence
among of girls (40.8%) was higher than that among of boys (38.5%),
z-proportion test demonstrated that the difference between these two
proportions was not significant (p > 0.05).

status of children (aged 6-59 months) by gender.
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Figure 2. Prevalence of children (aged 6-59 months) recei nealth and nutritional
services by gender.

Figure 2 shows the prevalenc e health and nutritional services
received by children (aged 6-59 months), About 94% children (boys, 93%

and girls, 94%) received VA
11 months) period, while

ing measles vaccination (infant’s age 9-
en (boys, 85% and girls, 88%) received
the VAC during campaign (irffant’s age 12-59 months) period. More than
68% children (boy irls, 70%) got de-worming tablet (in their age
24-59 months ile 67% (boys, 70% and girls, 64%) received oral
rehydration t@ T) during diarrhoea, and 49% (boys, 50% and girls,
47%) recex reatment during diarrhoea. More than 26% (boys, 24%
and gifls, 2 received iron supplementation (in their age 6-23 months),

il oys, 89% and girls, 89%) were immunized against measles in

earl) It was noted that 89% (boys, 89% and girls, 90%) completed all
\% ation. We observed that 48% (boys, 49% and girls, 48%) got postnatal
care services and 32% (boys, 35% and girls, 30%) received antibiotic during
pneumonia respectively (Figure 2).
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Association between Nutritional Status of Children
(Aged 6-59 Months) and Socio-Demographic Factors

Chi-square test (¥2) was used to determine the association between
children nutritional status and socio-demographic factors (Table 3, 4 and 5).

*
For Stunting Children (Aged 6-59 Months) \Q

In this study, it was found that stunting among boys (58%6% more
than girls (56.2%) in a female headed household, a sociation
between female headed household and stunted &) boys was
statistically significant (p < 0.05). Fathers whe % eS$ time with their
children (boys and girls) were more likely 4@ 0 inted children, the
association between father spent time wi ir CRilldren and stunting status
was statistically significant (p < 0 es revealed that boys were
more stunted in the food insecure seholds, and the association was

statistically significant (p < 0.01) betweeftwo variables. It was investigated
that girls (60.3%) who cam hardcore poor households were more

likely to obtain stuntin association between girls stunted and
poverty was statisticallx@l'cant (p < 0.05). Short stature (height <145
cm) mother’s daughterS§yere more stunted than short stature mother’s sons,
and the associaii tween girls stunted and short stature mothers was
statisticaMl s@nt (p < 0.01). This study found that girls (53.3%) who
came fi x bers households were more stunted than boys (36.4%),
@i ion between girls stunted and total household members was

isti ignificant (p < 0.01). The full term (>37 week) gestational age

.9%) were more stunted than their counterparts (43.1%), and the
1ation between girls stunted and gestation at delivery was statistically

significant (p < 0.05).
! Boys whose mothers didn’t received antenatal care (ANC) services were

more likely to get stunted than their counterparts, and the association
between boys stunted and mother’s receiving ANC services was statistically
significant (p < 0.01). Mothers who didn’t visit 4 or more ANC during their

a
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pregnancy period were more likely to get stunted children, and the
association between two variables was statistically significant (p < 0.01).
Mothers who didn’t receive TT injection during their pregnancy were more
likely to get stunted girls (51.1%) than boys (44.2%), and the association
between stunting status of girls and mothers received TT injection during
their pregnancy was statistically significant (p < 0.05). Mothers who didn’
take iron-folic supplementation during pregnancy period were mojgge likgly
to get stunted girls, and the association between stunted girls and m&
took iron-folic supplementation during pregnancy wa tistica

significant (p < 0.01). Mothers who didn’t get extra food dusing¥actating

and extra rest during pregnancy had more chance tq et s oys, and
the association between two variables was statisticalN'c (p<0.05).

For Underweight Children (Aged -S@h

This study found that fathers w ccupation were farmers had more
chance to get underweightgirls (50.9%) than boys (43.3%), and the
association between father’s tion of farming and stunted status of
girls were statistically sigi @ < 0.05). Fathers who spent less time
with their children (boy§ andfgirls) were more likely to get underweight

children, and the I etween fathers spent time with their children
and underwei s was statistically significant (p < 0.05).
Theqstu Ied that girls were more underweight in the food

\h , and the association was statistically significant (p <
e two variables. It was investigated that girls (55.2%) who
oor households had more chance to get underweight, and the
ociation between girls underweight status and poverty was statistically
cant (p < 0.05).

The full term (>37 week) gestational age girls (43.7%) were more
underweight than their counter parts (40.5%), and the association between
girls underweight status and gestation at delivery was statistically significant
(p <0.05).



Table 3. Association between nutritional status of children and their parent’s§ociggconomic*factors
Characteristics Gender | Group (%) Stunting (%0) Under t (9
Not Stunted Underweight | %2 p-
stunted value
Father’s Boy Farmer (41.4) 58.4 41.6 43.4 2.016 0.569
occupation Labour (35.9) 65.3 34.7 34.7
Business (16.1) 47.7 52.3 36.4
Service holder (6.6) | 55.6 44.4 33.3
Girl Farmer (41.9) 48.2 51.8 50.9 8.226 0.042
Labour (35.2) 53.2 46.8 33.0
Business (14.6) 59.0 41. 35.9
Service holder (8.2) | 72.7 27.3 . 318
Female headed Boy Yes (10.6) 414 58.6 .152 0.042 | 65.5 345 0.217 0.641
household No (89.4) 61.1 61.1 38.9
Girl Yes (6.0) 43.8 0.658 | 0.417 | 62,5 375 0.078 | 0.780
No (94.0) 59.0 41.0
Father spent time | Boy <2 hour (42.5) 12.185 | 0.002 | 52.6 474 7.153 0.028
at home 3-5 hour (39.6) 35.2 66.7 333
> 6 hour (17.9) \ 265 71.4 28.6
Girl <hour (41. 3.6 56.4 20.658 | 0.001 | 46.4 53.6 14.886 | 0.001
49.0 51.0 63.5 36.5
78.7 21.3 75.4 24.6

RX4




Table 3. (Continued)

Characteristics Gender | Group (%) Stunting (%0)
Not Stunted nderweight | 2 p-
stunted value
Household food Boy No (11.0) 36.7 63.3 43.3 0.338 | 0.561
security Yes (89.0) 61.7 38.3 37.9
Girl No (10.9) 44.8 55.2 62.1 6.078 | 0.014
Yes (89.1) 54.6 454 38.2
Poverty status Boy Poor (15.0) 585 415 36.6 1.951 | 0.377
Middle (49.1) 53.0 47.0 425
Rich (35.9) 67.3 3 33.7
Girl Poor (21.7) 39.7 60. 55.2 7.429 | 0.024
Middle (46.4) 56.5 435 33.9
Rich (31.8) 58.8 412
L 2




Characteristics | Gender | Group Stunting (%) Und
Not Stunted %2 p-
stunted value
Children’sage | Boy 6-24 (38.1) 51.9 481 5.316 | 0.021
in months 25-59 (61.9) 63.3 36.7 331
Girl 6-24 (42.7) 49.1 50.9 38.6 0.409 | 0.523
25-59 (57.3) 56.9 43.1 425
Mother’s height | Boy <145 (8.8) 41.7 58.3 45.8 0.604 | 0.437
incm > 145 (91.2) 60.6 394 37.8
Girl <145 (13.9) 29.7 70.3 45.9 0.466 | 0.495
> 145 (86.1) 57.4 426 40.0
Total household | Boy <3(20.1) 63.6 41.8 1.061 | 0.588
members 4-5 (55.7) 54.6 395
>6 (24.2) 65.2 333
Girl <3 (22.5) 46.7 8.966 0.011 60.0 40.0 0.099 | 0.952
4-5(52.1) 58.3 41.7
>6 (25.5) 60.3 39.7
Gestational at Boy >37 week (full 43.1 2.757 0.097 59.5 40.5 2.758 | 0.097
delivery term) (85.0)
29.3 73.2 26.8
Girl 48.9 3.935 0.047 56.3 43.7 5.388 | 0.020
31.6 76.3 23.7
term) (14.2)




Table 5. Association between nutritional status of children and their mother’® itio ices
Characteristics | Gender | Group Stunting (%)
Not Stunted | %2 Underweight 72 p-

stunted value

Mother Boy No (15.8) 76.7 23.3 6.661 44.2 0.707 | 0.401
received ANC Yes (84.2) 55.7 44.3 374

services Girl No (15.7) 54.8 45.2 0.029 47.6 0.953 | 0.329
Yes (84.3) 53.3 46.7 39.6

Mother’s ANC Boy 1-3 visit (78.3) | 494 50.6 41.1 4.894 | 0.027
visit during >4 visit (21.7) | 78.0 22.0 24.0

pregnancy Girl 1-3 visit (77.8) | 48.6 51.4 39.4 0.005 | 0.942
>4 visit (22.2) | 70.0 30.0 . 40.0

Mother Boy No (63.0) 55.8 0.166 60.5 39.5 0.226 | 0.634
received TT TT (37.0) 64.4 63.4 36.6

injection during | Girl No (65.9) 48.9 4575 | 0.032 60.8 39.2 0.561 | 0.454
pregnancy TT (34.1) 62.6 ‘ 56.0 440

Mother took Boy No (11.0) 0.443 | 0.506 50.0 50.0 1.896 | 0.169
IFS during Yes (89.0) 0.3 63.0 37.0

pregnancy Girl No (7.9) . 5.721 0.017 61.9 38.1 0.070 | 0.791
443 58.9 41.1

Mother Boy 47.7 1.567 0.211 49.2 50.8 5.460 | 0.019
received VAC 38.9 65.4 34.6

with six week Girl 41.8 0.595 0.440 58.2 41.8 0.028 | 0.866
of delivery 476 59.4 40.6




Characteristics | Gender | Group Stunting (%) Underweight (%)

Not Stunted x2 p-

stunted value
Mother took Boy No (27.8) 51.3 48.7 4.650 | 0.031
extra food Yes (72.2) 61.9 38.1
during Girl No (26.6) 49.3 50.7 1.280 | 0.258
pregnancy Yes (73.4) 55.1 44.9
Mother took Boy No (26.7) 47.9 52.1 2.772 | 0.096
extra food Yes (73.3) 63.0 37.0
during lactating | Girl No (28.1) 56.0 44,0 0.147 | 0.702

Yes (71.9) 52.6 47.4
Mother taken Boy No (16.8) 435 56.5 2.050 | 0.152
extra rest Yes (83.2) 62.1 37.9
during Girl No (20.2) 51.9 48.1 0.088 | 0.767
pregnancy Yes (79.8) 54.0 46.0
L 2
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Mothers who didn’t visit 4 or more ANC during their pregnhancy period
were more likely to get underweight boys (41.1%) than their counterparts
(39.4%), and the association between the two variables was statistically
significant (p < 0.01). Mothers who didn’t receive Vitamin A Capsule after
six weeks of delivery were more likely to get underweight boys, and the
association between underweight boys and mothers received Vitamin
Capsule after six weeks of delivery was statistically significant (p¢ 045).
Mothers who didn’t get extra food during pregnancy were more likelyxs
underweight boys, and the association between two i

statistically significant (p < 0.05).
0\%
Effects of Socio-Demographic, Health al@al Factors
a

on Children Stunting and Underweight

All the significant associated e nsidered as independent
variables for the multiple logistic regtgssion model among stunted children
(Table 6). The model demonstrated that fathers who spent >6 hours at home
were less likely to have d boys than who spent less time
(AOR =0.360, 95% ClI: , p <0.05). Boys who came from female
headed households w re likely to become stunted than their
counterparts (AO 5% CI: 0.173-0.983; p < 0.05). The mothers
who didn’t recgi enatal care services had more chance to have stunted
boys tham W@iv d antenatal care services (AOR = 3.611, 95% CI:
.01). Girls who came from poor households were more

e stunted than their counterparts (AOR = 0.437, 95% CI:
p < 0.05). This study explored that short mothers (height

cm) (AOR = 0.383, 95% CI: 0.163-0.900; p < 0.05). Girls who had
>6 members household were less likely to become stunted than the girls
living with less than 3 members household (AOR = 0.396, 95% CI: 0.175-
0.896; p < 0.05). The mothers who didn’t receive TT injection during
pregnancy had more chance to have stunted girls than who received TT
injection during pregnancy (AOR = 0.529, 95% CI: 0.284-0.985; p < 0.05).



Table 6. Effects of socio-demographic, health and nutrition factors on child s

tin

t

Gender [Independent variable [Coefficient ()  [SE. |Wald |p-Value [Adjusted Odds Raffo (A 95% CI of AOR

Boys Father spent time at home
< 2 hour ® 7.186 |0.028 .
3-5 hour -0.624 0.313 [3.964 |0.046 0.5 0.290-0.990
> 6 hour -1.022 0.417 |6.000 [0.014 0.159-0.815
Female headed household
Yes ®
No -0.887 0.444 0.173-0.983
Household food security (3 meal per day in last 12 month)
No ®
Yes -0.306 0.479 0.288-1.883
Poverty status
Poor® 0.212 1.00
Middle 0.595 2 |0.160 1.812 0.790-4.157
Rich 0.176 0.708 1.193 0.474-3.002
IMother’s height in cm
<145 ® 1.00
> 145 1.190 [0.275 0.587 0.226-1.528
[Total household members
<3 ® 1.325 [0.515 1.00
4-5 0.364 [0.812 |0.367 1.389 0.680-2.837
>6 0.416 [0.001 |0.982 1.010 0.447-2.280




Table 6. (Continued)

Gender |Independent variable Coefficient (B)  [S.E. 'Wald p-Value IAdj 95% CI of AOR
Gestational at delivery
>37 week (full term) ®
<37 week (pre-term) -0.459 0.401 0.288-1.387
Mother received ANC services
No ®
Yes 1.284 0.436 1.537-8.487
Mother received TT injection during pregnancy
No ®
Yes -0.556 0.294 0.322-1.020
Mother took Iron-folic supplementation during pregnancy
No ® .
Yes 0.056 0.015 0.903 1.058 0.427-2.623
Mother took extra food during lactating
No ® 1.00
Yes -0.230 "346 0.441 0.507 0.794 0.403-1.567
Mother took extra rest during pregnancy
No® 1.00
Yes 0.382 1.795 0.180 0.599 0.283-1.268
Constant 0.976 0.607 0.436 2.139
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Gender [Independent variable Coefficient (})  [SE. |Wald |p-Value [Adjusted Odds Ratio ¢AO 5 of AOR

Girls Father spent time at home
< 2 hour ® 12.925 (0.002 1.00
3-5 hour -0.259 0.334 [0.600 [0.439 0.772 0.401-1.485
> 6 hour -1.489 0.430 [11.980 [0.001 0.226 0.097-0.524
Female headed household
Yes ® 1.00
No -0.590 0.621 [0.903 [0.342 0 0.164-1.871
Household food security (3 meal per day in last 12 month)
No ® 1.
Yes 0.001 0.532 0.000 0 0.353-2.838
Poverty status
Poor ® 4. 7130 1.00
Middle -0.829 0.412 |4.052,0.044 0.437 0.195-0.978
Rich -0.733 0.463__[2.506 7113 0.480 0.194-1.191
IMother’s height in cm
<145 ® 1.00
> 145 -0.960 |0.4 .845  |0.028 0.383 0.163-0.900
Total household members
<3 ® | F.180 [.075 100

O
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Table 6. (Continued) *

Gender |Independent variable Coefficient (B) S.E. |Wald |p-Value |Adjusted Odds 95% ClI of AOR
4-5 -0.339 0.363 [0.873  [0.350 0.712 0.350-1.451
>6 -0.925 0.416 4.943 [0.026 0.396 ¢ 0.175-0.896
Gestational at delivery
>37 week (full term) ®
<37 week (pre-term) -0.412 0.442 0.869 0.278-1.576
Mother received ANC services
No ®
Yes 0.248 0.395 |0.39. 0.590-2.779
Mother received TT injection during pregnancy
No ®
Yes -0.638 0.318 4.032 0.284-0.985
Mother took Iron-folic supplementation during pregnan
No ® 1.00
Yes -1.205 4 0.033 0.300 0.099-0.905
Mother took extra food during lactating
No ® 1.00
Yes 0.358 0.737  [0.391 1.431 0.632-3.242
Mother taken extra rest during pre
No ® 1.00
Yes 0.474 2.302 [0.129 2.052 0.811-5.192
Constant 1.091 [7.774 |0.005 20.922




Table 7. Effects of socio-demographic, health and nutrition factors on child @t hus

Gender |Independent variables ICoefficient (B) p-value 95% CI of AOR
Boys
Father spent time at home
< 2 hour ®
3-5 hour -0.554 0.284-1.165
> 6 hour -0.803 0.175-1.144
Father’s occupation
Farmer ®
Labour -0.079 0.465-1.834
Business -0.032 0.406-2.311
Service holder -0.329 0.211-2.458
Household food security (3 meal per day in last 12 m
No ®
'Yes 0.653-4.849
Poverty status
Poor ® 1.476 (0.478 1.00
Middle 1.413 [0.235 1.737 0.699-4.317
Rich 0.544 [0.461 1.484 0.520-4.236
Children’s age in months
6-24 ® 1.00
25-59 0.301 [5.193 [0.023 0.503 0.279-0.908




Table 7. (Continued) *
Gender [Independent variables Coefficient (})  |[SE. |Wald |p-value [Adjusted Odds (A 95% CI of AOR
Gestational at delivery
P>37 week (full term) ®
<37 week (pre-term) -0.616 0.457 [1.819 |0.177 0.221-1.322
Mother’s ANC visits during pregnancy
1-3 visit ®
4 or more visit -0.706 0.394 [3.211 0.228-1.068
Mother received Vitamin A Capsule with six week of delivery
No ®
'Yes -0.613 0.346 0.275-1.069
Mother took extra food during pregnancy
No ®
'Yes -0.443 0. 0.323-1.276
Constant 0.364 66 [0.545 1.438
Girls Father spent time at home
< 2 hour ® 0.098 1.00
3-5 hour -0.469 1 [1.684 [0.194 0.626 0.308-1.270
B> 6 hour 4.588 |0.032 0.383 0.159-0.922
Father’s occupation
Farmer ® 2.205 (0.531 1.00
Labour 0.355 [1.205 [0.272 0.677 0.338-1.358
Business 0.444 [1.259 |0.262 0.607 0.254-1.451
0.615 [1.026 [0.311 0.537 0.161-1.790




Gender [Independent variables Coefficient ()  [S.E. |Wald [p-value [Adjusted Odds Ratio (AO 5 of AOR
Household food security (3 meal per day in last 12 month)
No ®
'Yes -0.499 0.543 (0.844 . 0.210-1.760
Poverty status
Poor ® 3.051
Middle -0.526 0.419 [1.579 . 0.260-1.343
Rich 0.036 0.480 (0.006 . 0.404-2.659
Children’s age in months
6-24 ®
25-59 -0.051 0.290 [0.031_J0. 0.538-1.678
Gestational at delivery
P>37 week (full term) ®
<37 week (pre-term) -0.487 0.491 [0.98 . 0.235-1.608
Mother’s ANC visits during pregnancy
1-3 visit ® 1.00
4 or more visit -0.014 . 02 [0.969 0.986 0.488-1.992
Mother received Vitamin A Capsule with six wegk of delivery
No ® 1.00
'Yes 0.027 0.390 [0.005 (0.946 1.027 0.478-2.205
Mother took extra food during preg
No ® ¢ | 1.00
'Yes 0.364 [0.001 [0.982 0.992 0.486-2.024
Constant 0.590 [2.661 [0.103 2.618
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The mothers who didn’t take iron-folic supplementation during pregnancy
had more chance to have stunted girls than who took iron-folic
supplementation during pregnancy (AOR = 0.300, 95% CI: 0.099-0.905; p
<0.05).

Again, all the associated factors were considered as independent
variables for the multiple logistic regression model among underwei
children (Table 7). The model demonstrated that boys aged 6-24 mogthsdiad
more chance to have underweight than their counterparts (AOR =X

95% CI: 0.279-0.908; p < 0.05). Fathers who spent > 6 hours 0
less likely to have underweight girls than who spent at ho sS¢than < 2

hours (AOR = 0.383, 95% CI: 0.159-0.922; p < 0.05\\%
DISCUSSION Q

In this study, we investigated 3 DN tritional status and socio-
demographic factors among the chidfen aged 6-59 months in Rajshahi
district of Bangladesh in relation to gemder inequality. In BDHS 2014,
31.1% children were found and 32.1% underweight in Rajshahi

division. Our study revm .7% children were stunted and 39.6%

underweight in this ruraRarea, Gompared to national rate of 36% stunted and
g to BDHS 2014, Stunting is slightly higher
an among girls (35.4%). And underweight is slightly
33.1) than among boys (32.2%). In this survey, data
showe f both stunted and underweight were higher among the
irls (46.4%and 40.8%) than boys (41.0% and 38.5%) respectively. Data
cle ed that gender inequality exists regarding nutritional status
ongchildren of under five years in Bangladesh.
study (Haidar, 2009) found that the prevalence of stunted and
underweight among under-five children was significantly higher in female-
headed households than in the male-headed households. Our study showed
similar results but it was found statistically significant only among boys.
The majority (42.5%) of the fathers spent <2 hours at home each day
with their children. We found it has impact stunted and underweight status
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of children (boys and girls), the association of the two variables is
statistically significant among both girls (p < 0.001) and boys (p < 0.02).
Girls suffer from stunting and underweight more compared to boys. Similar
results were found by Jesmin in Bangladesh (2011).

Fathers’ occupation has impact on girls underweight. data showed that
girls are more underweight (50.9%) than boys (43.45). Poverty a
household food security were two important factors related to the preyalefice
of stunting and underweight among boys (38.3% and (41.5%) anx
(45.4% and 60.3%) respectively. we found alike results in E Ia ,

2017) and India (Kshatriya, 2016).
Extra food taken during pregnancy of mother ha®i @ children
stunted status showing that girl’s mothers took less € u

% ring their
pregnancy. Similar findings were also found 4 ishra, 2004) and

Ethiopia (Nigatu, 2018).
This study explored that short stature% eight <145cm) were
more likely to have stunted girls wit ar boys. Similar result was
found in low-to middle-income co 8 (Ozaltin, 2010). Girls were more
stunted in the small family size households, which implies that cares towards

girls get less priorities.
Mother having ANC frequent visit has impact on children

stunting and underweig@ in Nigeria (2015), Talukder in Bangladesh
(2017) and Nigatu iopid’ (2018) found similar results. The likelihoods

of underweight ntifg in this study were high among mothers who had
less or n@ an e services. This might be due to the fact that access
to health es, like ANC, is important sources of information for
pregndnt w to get nutritional and health messages. Girls of the mothers
o _didutgfeceive TT injection during her pregnancy are more stunted in
parison to boys.

: @Limitation of the Study

The present study has some limitations. First of all, the data were
Q collected from the rural area of north-western district in Bangladesh.
Secondly, this study didn’t take some important variables into consideration
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that might affect the nutritional status of children such as dietary aspects and
biochemical tests at individual level. While conducting the interviews, we
had to depend on the information provided by mothers. Information could,
thus, have been subject to recall bias. However, we were careful in recording
the information they provided and in the interpretation of the results of the

study.
’ Q
CONCLUSION Q\
A total number of 540 under five children were cona'der% erural
iofy b

area of Rajshahi district to investigate the asso n socio-

demographic and children nutritional status ,withggeRder®differentiates.
Descriptive statistics, Chi-sqaure test and binary @ egression model

exists significantly in rural areas.
Socio-demographic and nutritional seftice factors had positive impact on

nable development. It was observed that
the socio-cultural e inferior position of women in this rural
society was imp@rtantSpredictor. It was suggested that broad-based

intervengons eeded to improvegirls’ health and nutritional status.
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@TRACT
Vaccination Qmunization) is considered a breakthrough in
preventive medi@ine. Vaccination at age-appropriate intervals increases
protection t merbidity and mortality since childhood through various
recoffime vaccination schedules. The question still prevails whether
all thos indted children are really immunized. The present paper deals
wi is e. The paper presents an overview on various studies that

clearly depicted that malnourished children are suffering the ineffective-
olio vaccine.
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INTRODUCTION

Vaccinations are a boost to our immune system. Its origin dates back to
1796 when Edward Jenner residing in Berkeley (Gloucestershire), England
developed the world’s first vaccine (Baxby, 1981). His groundbreaking
discovery has resulted today in defending the human body against vari
diseases like chickenpox, diphtheria, hepatitis A, hepatitis B, irffi
measles, meningococcal, mumps, pneumococcal, polio, rotavirusrubella;
shingles, tetanus, etc. Despite having minor side-effects igQUE,
headache, nausea, dizziness, low-grade fever, fussiness an e where
the vaccine shot is administered, vaccinations are co ﬁ %he safest
method of safeguarding an individual from variou%tmg diseases.
Various organizations and institutes like Cenfg %‘ se Control and
Prevention (CDC), World Health Organization Q) American Academy
of Pediatrics (AAP), Indian Academy ofRediatri
Health Mission (NRHM) by Gove g
to an individual from early life through#ecommended vaccination schedule.

One such fatal disease named Poliomyelitis (commonly called polio) is
thought to be prevented (rath ured because it is non-curable) through

routinely vaccination stagi irth.
The words “polio” (grey) And “myelon” (marrow, indicating the spinal

cord) are derivedfro (Chamberlin and Narins, 2005). Hence, it
could be infe ‘poliomyelitis’ (often called polio) is one of the
dreadfulﬁise%vich invades the nervous system of the individual and
can ca X ent and/or irreversible paralysis in <1% of infected
i ivi@ cus, 2012). As a result, this acute viral disease is also known
i ile paralysis.” It is a highly contagious disease which usually
through faeco-oral route, droplet infection or less often by a
on channel that is polluted food or water (Atkinson et al., 2009).
To combat this fatal disease, two types of vaccines have been employed
so far. In early 1950s, the first polio vaccine was developed called
inactivated poliovirus vaccine (IPV) or Salk vaccine (as it was developed by

Jonas Salk). This vaccine is based on three virulent reference strains -
Mahoney (type 1 poliovirus), MEF-1 (type 2 poliovirus), and Saukett (type

C
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3 poliovirus) and is given by intramuscular or intra-dermal injection. The
second one called oral polio vaccine (OPV) which is a live attenuated
vaccine developed by Albert Sabin.

CouLD WE REALLY PREPARE A POLIO-FREE WORLD?
N Q
u

Despite several attempts, it is unfortunate that we could not
world polio-free till date. The goal of global eradication of poli
adopted in 1988 and since then Global Polio Eradication | IVENGPEI)
has reduced the occurrence of polio worldwide by . 0 except few
failures. Three countries, i.e., Afghanistan, Pakistar%erla still have
frequent outbreaks of wild polio virus and are“sti idered epidemic to
this fatal disease (Ado et al., 2014; Kew et agan et al., 2015;
Moeti 2016; Shah et al., 2016; Mahmogg,, 2048; tinez et al., 2018). India
was removed from the list of p e countries by ‘Polio-free
certification of the World Health O zation South-East Asia Region’ in
the year 2014. Thus, the strong urge and¥planned attempts of GPEI, WHO,
CDC, Rotary foundation and alth institutes were able to make a huge
shift from an estimat polio cases in 125 countries to
approximately 512 case@l 3 countries during the period of 3 decades

(1988-2018).

erred to rely on oral poliovirus vaccine (OPV) rather
ine, primarily because of its superior ability to induce
gut m NP nity (Ghendon and Sanakoyeva, 1961; WHO, 2008).
dit@ V is cheaper than IPV and can be easily orally administered
). It has a herd effect, inducing long-lasting protective systemic,
moral and cellular immunity as well as local mucosal resistance to polio
infection (Baicus, 2012).In polio-endemic countries and in areas at
high risk for importation and subsequent spread, WHO (2017) recommends
an OPV dose at birth (called ‘zero’ dose), followed by the primary series of
three OPV doses with at least one IPV dose.

Being a comparatively better and more reliable solution, OPV had been
used in routine immunization and in supplementary immunization activities
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throughout the polio eradication initiative. However, the immunogenicity of
OPV was found to be lower in some developing countries with
seroconversion rates less than 40% (Hamer, 2010; Jafari et al., 2014) as
compared to developed and industrialized ones with seroconversion rates
greater than 80% (Céceres and Sutter, 2001). On being questioned, several
hypotheses like malnutrition, diarrheal disease and environment
enteropathy came up as the reason for OPV failure (John, 1975; MyauX et
al., 1996; Zaman et al., 2009; Korpe and Petri, 2012).

CouLD MALNUTRITION BE A CAUSE O O\@URE?

Though the term ‘malnutrition’ comprise ’ r-nutrition and
over-nutrition, it is said to be equivalent to der-nutrition unless
anything is specified. Malnutrition i thn issue prevalent in
developing and underdeveloped cg @ r and Krawinkel, 2005),
and also in developed countries to sOm€ extent. It contributes to more than
half of deaths among children of less than 5 years of age (Caulfield et al.,

2004). There exists several ting factors in childhood malnutrition,
some of which are low bi inadequate breast feeding and exclusive

lack of proper k
spacing, hous ioeconomic status, food insecurity, poor sanitation,

tudies of Greenwood et al. (1986) and Chopra et al. (1989)
mild and moderately malnourished children were most often
seroconvert normally when vaccinated against polio. However,
ding to WHO (2013), malnutrition is the root cause of failure of all
vaccinations. According to few data from WHO, it was highlighted that
malnutrition hinders the battle against polio because OPV produces four
times less immunity in malnourished children as compared to well-
nourished (Yousuf et al., 2015). In a study by Haque et al. (2014), an
association of diminished immunogenicity of OPV type 3 virus with under-
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nutrition as well as with shorter duration of exclusive breastfeeding has been
found. On the other hand, no association was found between IPV
immunogenicity and these variables which further conclude that OPV is less
effective in developing as well as underdeveloped countries where these
variables are almost common.

Low birth weight (less than 2500 gm measured at the first hour aft
birth) and preterm (gestation period less than 37 weeks) are some ofgthe 4@ot
causes of childhood malnutrition. Although it has been recommended By t

American Academy of Pediatrics Committee on Infectious D es )
that premature children must receive immunizations same
chronological age as full-term children, primary care pfiysi d parents

remain hesitant to immunize preterm children who awe x medical
histories. Most of them mistakenly believe thag, ot rs such as birth
weight, current weight, or degree of prematurity Sh@ fluence the timing
of immunizations for preterm children (Langka d Langhough, 1992;
1993). Hence, even though preterm a birth weight babies can
mount adequate immune responses immunized at the recommended
chronological age, they often receive imimunizations on a delayed schedule
(Vohr and Oh, 1986). Further majority of maternal 1gG antibodies gets

transferred to an infant i ustially during the final trimester which is
often missed by pretermibabigs and this makes them prone to various sorts
of infection. Hence cination including booster doses is a must to
these babies as_they are“tlevoid of passive immunity before vaccination
(Okoko gt al. and may respond sub-optimally to primary vaccination

s also been observed that extremely premature infants
responsiveness to serotype 3 polio vaccine (D’ Angio et al.,

Digtary factors play a role in the antibody response of infants to
i ization (Pickering et al., 1998). Feeding human milk was observed to
enhance antibody response to OPV (Pickering et al., 1998). Infants who
were breastfed had significantly higher neutralizing antibody titers to polio
virus than either formula-fed group at 6 months of age (Pickering et al.,
1998). Similarly, another study by Hahn-Zoric et al. (1990) concluded that
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L 4
breastfed infants showed better serum and secretory responses to peroral and 0

parenteral vaccines than the formula-fed. \Q

There are several hypotheses stating the cause of the assockt'o@
malnutrition (more specifically, under-nutrition) and OPV failyre. n
resulting from malnutrition enhance the severity of malnutritign :
generating a positive vicious cycle which in turn affects aspects of
immune system of the body (Bendich and Deckelhau his may
affect cell-mediated immunity more compared toShumeral immunity
(Gershwin et al., 2004). Moreover, severe und uses atrophy of
lymphoid organs, decrease in the bone ma ves of leukocyte,
decrease in proliferative response Q @ytes to antigens, and
decrease in natural killer cell activi @ winet’al., 2004). Protein-energy
malnutrition is found to be associated#ith reduction of regulatory immune

responses in the mucosal microenvironment which potentially impairs the
mechanisms of oral toleranc bell et al., 2003).

PrRoOBABLE CAUSES

@) AN WE PREVENT THIS?

A whild t polio is an unfulfilled dream to many researchers.
Malnu IS a major determinant of the humoral response to oral polio
ings andimust be given due consideration to prevent vaccination failure

et al., 2004). In order to accelerate poliovirus eradication, it is

impogant to focus on the lowest socioeconomic strata of society where

malnutrition is most prevalent (Hussain et al., 2017).
® Supplementation during polio campaigns or from health centers can
surely reduce the deficiency of various nutrients and can aid to improve the
efficacy of polio vaccine, especially OPV. In a study by Cobra et al. (1997),
O oral iodized oil supplementation has been shown to improve infant survival
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in a clinical trial in Indonesia in which infants received oral iodized oil or
placebo immediately after their first dose of OPV. Furthermore, it was
claimed by Taffs et al. (1999) that supplementation with oral iodized oil may
be safely combined with delivery of the first dose of OPV in the Expanded
Programme on Immunization (EPI) schedule as this does not reduce
neutralizing antibody responses to OPV. However, no effect of zi
supplementation on OPV immunogenicity was found (Habib et alg, 2
The same was seen in the case of vitamin A supplementation amon
during the EPI centers where this supplementation impose e

infants’ antibody responses to oral polio vaccine as wellpasSen their
seroconversion rates (Newton et al., 2005; Rahman et @l JHowever,

the administration of vitamin A supplements during t N unization
days is considered as one of the effective met inate the risk of
subclinical vitamin A deficiency (Goodman et 00). Besides this,
adequate levels of vitamin A are requiredor optimal antibody responses
and other immune functions (Ross,

IPV given with OPV induced or immune responses than OPV

alone in well-nourished and malnouris infants in Pakistan (Saleem et al.,
2015). This was earlier prov WHO collaborative study group (1997)
where a clinical trial wa: cted among the children of countries like
Gambia, Oman, and Th%T e study found that the combined schedule
of IPV and OPV e highest levels of serum antibody response,
with mucosal i %Nalent to that produced by OPV alone.

In bw-i@ countries, seroconversion rates were found to be
suboptima ng administration of three-dose tOPV regimens
(Patridrca etyal; 1991; Khare et al., 1993; Grassly et al., 2010). These rates

ef approach nearly 100 % in many industrialized countries. The

ings of Sutter et al. (2010) and few other studies exhibited the superiority
alent oral poliovirus vaccine (bOPV) compared with trivalent oral
poliovirus vaccine (tOPV). Hence, in April 2016, the WHO implemented a
worldwide switch from tOPV to a bOPV removing live poliovirus serotype
2 from global use (Sutter et al., 2014). In addition, the study of Grassly et al.

(2006) attempted to show that switching to monovalent vaccine may finally
interrupt polio virus transmission. Sutter et al. (2010) displayed the non-
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inferiority of bOPV compared with mOPV1 and mOPV3 which is consistent
with the study of O’Reilly et al. (2012) that interpreted that the effectiveness
of bOPV is comparable with that of mOPV.

CONCLUSION
’ Q
Polio is a dreadful disease which needs to be eradicated from N
t

the world. Owing to several factors, this disease still prevails i
countries till date. One such factor is “childhood mal ti

hinders the battle against this disease. More studies e’d onducted on
how to combat childhood malnutrition and associat’NN tudies need
to be done on to improve the effectiveness of p orldwide.
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THE ADOLESCENT AHO REN
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Department of Anthropolo rugarh University, Dibrugarh, India
TRODUCTION
@ce of undernutrition is considered to be major public
heal among the various population groups of India. The

magnitu undernutrition is observed to be greater among the most
rable segments of the population, especially in the rural regions. India
e highest occurrence of childhood undernutrition in the World and
it flas been estimated that more than half of the Indian children are

ernourished. The current nutritional status of children not only reflects
their well being of the present time but also reflects future outcomes in
terms of their health and development. Undernutrition is closely associated
with a large proportion of child deaths (Seetharaman et al., 2007).
Generally, three anthropometric indicators are often used to assess
nutritional status during childhood: Weight for age used to measure low

*Corresponding Author’s Email: sarthak@dibru.ac.in.
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L 4
weight, also known as wasting, and height for age to measure stunting Q
(slow skeletal growth) are two useful indices for assessing growth status

and level of malnutrition of the children. For assessing malnutrition and
evaluation of Protein-Calorie Malnutrition in growing children, the Body

Mass Index is commonly used. Body Mass Index is recommended as the

basis for anthropometric indicators of thinness and overweight during

adolescence (Rolland Cachera, 1933).Growth during childhood is widely

used to assess adequate health, nutrition, and development of children, and

to estimate overall nutritional status as well as health status of a populagion

It is well documented that chronic undernutrition is associated with SIOVX

cognitive development and serious health impairment later indife
reduce the quality of life.

The present chapter is devoted to assess the nutritional st i
of anthropometric characters of pre-adolescent and adolésce
ea

and girls of 6 to 15 years of age inhabiting in the %ura
Assam.

The Ahom is one of the numerically domigant*po n of Assam.
They are Mongoloid people. They belong to Tai-Ma the Mao section
of the Tai and are widely known as Shan. The géople first came to
India from Myanmar in 1228 A.D. an ir authority up to 1826

A.D. At present, Dhemaji, Dibru Sibsagar and Tinsukia
district of upper Assam are the ma ntration of the Ahom people.

MAiE LJAND METHODS
e s-sectional study was conducted in a number

of schools of the Yakhimpur, Sivsagar and Dibrugarh districts of Upper
Assam. The as’carried out from January to December 2010. A total
of 1172 ¢ s= 563, girls= 609) aged 6-15 years were assessed. The
childr v’&rther divided into two categories: pre-adolescent, i.e., 6-10
ears lescents, i.e., 11-15 years of age. A total of 586 pre-adolescent
reh (282 boys and 304 girls) and 586 adolescents (281 boys and 305

ere measured and included in the present study. Anthropometric

measurement of height and weight was done with a portable weighing
: machine and measuring scale, removing shoes and with minimal clothing.

This communi

During measurement of weight and height norms of anthropometry were
strictly followed. The first author (DD) herself recorded the anthropometric
measurements. Children were considered underweight, stunting and
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thinness as weight-for-age, height-for-age, and body mass index for age Z-
score below -2 standard deviation using the National Center for Health
Statistics (NCHS) reference population. The present findings were
compared with other available data from various population groups of
Assam (Begum, 1995; Singh, 2008; Sikdar, 2010; Medhi, 2014; Deori,
2016).

The technical error measurement (TEM) was calculated followingythe
method of Ulijaszek and Kerr (1999) and the coefficient of reliabilit X
the measurements was calculated to determine the reliabi

measurements. The intra-observed TEM were observed to begaithi.the cut-
off value of 0.95 as suggested by Ulijeszek and K ﬁ@ence, the
e

measurements taken recorded in the present study ered to be
reliable and reproducible and the TEM value potyincorporated for
further statistical consideration.The investigaplained to all the
students in their local language. The respondentSythetr guardian, as well as

the school teacher were asked for thg
in the investigation in written form

@u LTS

The mean height a Qght by age and sex were calculated and shown
in Table 1. It ved that significant sex difference existed in mean
height atba e@y 15 years and in mean weight at age 6, 11-13 and 15

&, ere is increasing trends in mean height and weight in both
ncement of age.

hows that overall prevalence of underweight which is higher in
ving preponderance with moderate and severe (9.92% and 2.74%
ctively) than the girls (7.53% and 2.57% respectively). It is apparent
from the table that 27.66 percent pre-adolescent boys and 25.33 percent girls
are in underweight category whereas 24.91 percent adolescent boys and only

13.44 percent girls are in underweight category. The adolescents Ahom
children are thus in a better position than the pre-adolescents children.
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The Ahom children were also analyzed for their height for expected age
is shown in Table 3. It was found that 992 children were healthy while 180
children were stunted. Out of 180 stunted children, 80 (8.06%) were boys
and 100 (10.08%) were girls. The analysis indicates that prevalence of
Stunting in girls is relatively higher than the boys’ counterparts. Age wise
stunting of children is also analyzed which shows that the onset of stunti
is highest (2.74%) among the children of 6 years age group and, lowgst
(0.68%) among the children of 11 years of age group. Most of the stUigti
girls are recorded in the adolescent period, i.e., 17.71 percent, easELl.
percent adolescent boys are stunted. The pre-adolescent boysa(16%7%) are
more stunted than the preadolescent girls (15.13%). . ¢ é
Table 1. Mean values of anthropometric charz f the Ahom
children according to ag

Age (in years) |Sex Sample Weight tvalue
6 Male 67 17.05 2.92"
Female 57 15.91
7 Male 53 20.33 0.58
Female 19.98
8 Male 23.26 1.35 21.42 1.68
Female 20.53
129.30 0.55 24.73 0.74
128.70 24.20
131.49 0.21 25.74 0.27
131.72 25.93
137.71 1.63 28.51 3.49"
139.72 31.58
144.14 0.17 32.63 2.05"
Female 144.36 34.66
13 Male 53 148.73 0.68 36.18 2.03"
Female 56 147.77 38.92
Male 55 156.43 357" 41.78 0.55
Female 51 151.29 42.49
15 Male 60 163.65 8.99" 49.20 3.50"
Female 63 152.32 44.27

"indicates probability level <0.05.
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4
Table 2. Prevalence of underweight among the Ahom children 0

Agein Boys Girls \
Years >-2Z -2t0-3Z <3z >-2Z 2to-3Z <3Z

Score Score Score Score Score Score

N % N % N % N % N % N %
6 40 [59.70 [20 [290.85 |7 1045 [31 [54.39 [14 [24.56 [12 [21.05
7 43 8113 [5 [943 |5 11.67
8 39 [7222 [13 [24.07 |2
9 43 [78.18 [10 [18.18 |2
10 39 [7358 [10 |18.87 |4
6-10 [204 |72.34 |58 [2057 |20

X?=1.29,d.f=2
11 42 (7778 [12 [22.22
12 42 |71.19 [15 [25.42 |2
13 35 [66.04 |15 [2830 |3
14 41 |7455 [8 [1455 |6
15 51 [85.00 [8 [1333 |1
11-15 [211 [75.09 |58 [20.64 |12
X?=12.99",d.f=2

6-15 |415 [3550 [116]992 |32 42.00 [88 753 [30 [257

“indicates probability level <0.05; >-2 Z score = Nofimal, -2 to -3 Z score = Moderate, <-3 Z score =

Severe underweight.

Prevalence of thinne gorfies as based on the WHO cut-offs is
shown in Table 4. WHQcut- ere determined using LMS method. It is
reveals from the the overall prevalence of thinness is
comparatlvely hi ng Ahom boys (13.34%) than the Ahom girls
(7. 10% ce of thinness is more among the pre-adolescent
chlldren ( 0 poys and 23.03% girls) than adolescent children (22.42%

boys glrls) respectively.
A ing to WHO (1995) classification of severity in malnutrition, the

all prevalence of underweight is high (20.0-29.0%). However, the
nce of stunting was low (<20.0%).

Table 5 shows the comparison of nutritional status of Ahom with other
: population groups of Assam. The frequency of underweight in Ahom boys

a

(12.66%) is higher than the Deori (7.94%) population. On the other hand,
the frequency is much less than the Sonowal Kachari (23.12%), Mishing
(30.10%), Assamese Muslim (46.95%), and Bengali Muslim (51.45%). The



RX4

O

Dali Dutta and Sarthak Sengupta

Table 3. Prevalence of stu

are less stunted than the other population groups of

boys are more in number in thinness categ
(8.67%) and Sonowal Kachari (10.13%) boys.

With respect to prevalence of thinness cases, i

AsSam.

Ahom girls also record more underweight (10.10%) than the Deori (2.51%)
girls. However, they are having less underweight than the Sonowal Kachari
(16.13%), Mishing (33.30%), Assamese Muslim (47.74%) and Bengali
Muslim (52.87%).

The frequency of stunted Ahom boys (6.84%) is far less than Sonowal
Kachari (17.41%), Assamese Muslim (20.56%), Deori (28.26%), Mishi
(28.90%) and Bengali Muslim (41.48%). The incidence of stunted AR@m
girls (8.55%) is also comparatively less than the Assamese
(21.11%), Sonowal Kachari (23.32%), Deori (28.25%), Mis

and Bengali Muslim (43.95%). Thus, it is apparent that bo'% d boys
t

3

the Ahom

than the Deori
QAhom children

O

>2Z -2t0-3Z <3z >2Z -2t0-3Z <37
Score Score Score Score Score Score
N % N % % N % N % N %
53 79.10 11 447 |39 68.42 13 | 22.81 5 8.77
43 8113 |9 6.98 189 |54 [90.00 |5 8.33 1 |167
44 |81.48 3.70 |45 |83.33 |9 16.67
50 [90.91 @5 09 60 |93.75 |4 6.25
45 |8 15.09 60 |86.96 |9 13.04
‘35_ 3 14.54 2.13 | 258 |84.87 40 |13.16 197
X%s.0.260d. =2
. 2 3.70 59 90.77 4 6.15 2 3.08
89'83 6 10.17 58 82.86 10 |14.29 2 2.86
83.02 |9 16.98 45 (80.36 |9 16.07 |2 |3.57
80.00 |9 16.36 364 [45 |8824 |6 11.76 |-
91.67 4 6.67 167 |44 69.84 18 |28.57 1 1.59
248 |88.26 30 |10.68 1.07 |251 |82.30 47 11541 2.30
X2=4.40,d.f=2
483 | 41.32 | 71 | 6.07 | 0.77 | 509 | 43.54 | 87 | 7.44 | 13 | 1.11

Note: " indicates probability level < 0.05; >-2 Z score = Normal; -2 to -3 Z score = Moderate; <-3 Z score
= Severely stunted.

c)o



A Study of Undernutrition among the Adolescent ... 77
Table 4. Prevalence of thinness among the Ahom children
Agein Boys Girls
Years >27 -2to-3Z <3z >-2Z -2to-3Z <3Z
Score Score Score Score Score Score
N % N % N % N % N % N %
6 40 [59.70 |15 [22.39 |12 [17.91 |38 [66.67 [10 (1754 [9 [15.79
7 34 |6415 |11 [20.75 |8 [15.09 [48 [80.00 |10 |16.67
8 34 6296 [15 [27.78 [5 [9.26 |40 16.67
9 40 [7273 |10 [18.18 |5 [9.09
10 41 7736 |8 15.09 |4 [755
6-10 189 [67.02 [59 [20.92 |34 [12.06
X2=8.79",df=2
11 42 77718 |12 [22.22 |-
12 43 7288 |12 [20.34 |4 |6.78
13 37 |69.81 |12 [2264 |4 [7.55
14 44 [80.00 |8 1455 [3 |[5.45
15 52 [86.67 |7 1167 |1 [1.67
11-15 [218 [77.58 |51 [18.15 |12 0.98
X2=4278",d.f=2 P
6-15 407 | 34.82 | 110 | 9.41 | 46 4 <@ 26 [44.99 | 61 | 5.22 | 22 | 1.88
v

Note: "indicates probability level <0.05; >-2 Z score
= Severely thinness.

Table 5. Nutritional stat

f

Normal; -2 to -3 Z score = Moderate; <-3 Z score

hom and other population groups
Assam

Population t (%) | Stunted (%) | Low BMI for age (%) | Source
Girls Boys | Girls |Boys Girls
10.10 6.84 |8.55 13.34 7.10 Present Study
251 28.26 |28.25 |8.67 6.81 Deori, 2016
16.13 17.41 |23.32 |10.13 6.10 Singh, 2008
30.10 33.30 28.90 |33.30 |20.70 18.00 Sikdar, 2010
As; Viu 46.95 47.74 20.56 |21.11 |65.48 68.59 Begum, 1995
ngalilMuslim 51.45 52.87 41.48 [43.95 |51.12 53.50 Medhi, 2014

However, a case of thinness is much less than the Mishing (20.70%),
Assamese Muslim (65.48%) and Bengali Muslim (51.12%). In case of the
girls, 7.10 percent of Ahom girls are in thinness category whereas only 6.10
percent of the Sonowal Kachari, 6.81 percent of Deori girls belongs to
thinness category. Incidence of thinness is considerably high among the
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Mishing (18.00%), Assamese Muslim (68.59%) and Bengali Muslim
(53.50%) than the Ahom girls.

DISCUSSION

The present investigation is based on the WHO proposed cut-offs n
for the assessment of undernutrition among pre-adolescents and a
in terms of underweight, stunting, and thinness. Present stu

11.75 percent of boys and 17.71 percent of adolescent girl invstunting
category. Findings of the study conducted by Medhi t’a ontradict
our results who recorded as high as 50.1 percent of bN .1 percent of
girls from Assam suffered from stunting. Si erall prevalence of

stunting in the present Ahom sample is 29.464ge mong adolescents,
however, Mondal and Terangpi (2014 % 1.2 percent of Karbi
adolescents are stunted. Thinness ag @7 e A children is 26.68 percent
as against only 13.4 percent of thinngs§’recorded among Karbi adolescents

(ibid, 2014).
QONCLUSION

Overall Qcombined) prevalence of underweight (severe +

moderat& tuptingland thinness is 22.75 percent, 15.40 percent, and 20.44
perce speetively. Of these, 5.30 percent, 1.88 percent, and 5.82 percent

children were found to be severely underweight, stunted and
thi spectively. Present study shows that Ahom children of both sexes
are faging a risk in terms of nutritional status (e.g., underweight). The study
also records that the prevalence of underweight among the Ahom children
of Assam is more than the incidence of stunting and thinness. It also
demonstrates that the children, as well as adolescents of the community,
relatively show better nutritional status than the other neighbouring
population groups. However, the community needs appropriate support for
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L 4
proper implementation of health and nutritional programmes so that their 0

nutritional status can be better managed. \Q
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Chapter 5 . Q

FAT FREE MASS AND FA\
IN INDIAN INFAQE
RELEVANCE OF ‘THIN-% NOTYPE

Dilip Mahalanabis angd Bandana Sen*
Society for Appli ies, Salt Lake City, Kolkata,
ngal, India

Q ABSTRACT
X,
x d under nutrition represent the two extremes on the
tru adiposity in infants and children and pose a major health
r
b

S
p lobally. Adult cardiovascular disease, type 2 diabetes and
olic syndrome are increased in people who were light and thin at
b and during infancy. Adiposity is routinely quantified in terms of
eight and height relative to the child’s age. Body mass index (BMI) is
widely used to indicate adiposity in adults and recently also in children.
However, anthropometry is inadequate to distinguish fat mass (FM) from
fat free mass (FFM). Babies in South Asia have lower birth weight than in
the West; their body-fat is relatively preserved leading to their description

as ‘thin-fat’.

O *Corresponding Author’s Email: sascf198@yahoo.com.
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Their relatively higher percentage of body fat (FM%) at birth was
shown to track through childhood to adulthood.

Recently we have developed two sets of validated equations to predict
FFM and FM, one based on skinfold thicknesses and mid arm
circumference and the other on bioelectrical impedance analysis (BIA). For
both sets we used D0 dilution as reference method.

Using the newly developed BIA equations on 331 infants and children
aged 6m to 24m of age the mean (SD) FM% was 15.36 (5.34). Using the
equations based on skinfold thicknesses and mid arm circumferenc;theQ
mean (SD) FM% in the same 331 children was 17.01 (6.05). Amongx

S

(17%) of the 331 children who had weight for height Z-score
(i.e., lean) 6 (11%) had FM of 20% or more by the skinfol
circumference based equations and 5(9%) by BIA equations,gAbo
of the lean children had relatively high FM% whom we densi

fat’ phenotype as described above.
To conclude, we developed and validated new r tools to

measure adiposity in infants and young childrég able outh Asia.
We applied these equations on a group of childre 4m from among

the urban low-middle class families in India. In ayropartton of them (10%)
the FM% was relatively retained in spiig,0fleannessyi.e., weight for height

Z-score <-2 and are considered to b n=fat otype.

VALIDATION @BLISHED EQUATIONS

Techniques for vaIi@uch as underwater weighing are not feasible
in infants and yo i . Use of methods that involve any degree of

radiation (e.%@ radioactive tracers) is also not desirable for infants.

We therefor a stable isotope dilution technique as the reference

standar \
Eighty-six*children participated in the present deuterium oxide (D.0)
stu ht of them, the D,O procedures were incomplete because of
mitiflg or being fed during the equilibration period. They were dropped
f e study. The study infants were predominantly breast-fed (88%). The
D,O procedures were completed in 78 children. We validated the 5
published equations two based on anthropometry (Mellits& Cheek, 1970
A (AN-1) & Morgenstern et al., 2002 (AN-2)) and three based on BIA (Fjeld

et al., 1990 (BI1), Bocage, 1988 (B12) & Kushner et al,. 1992 (BI3)) on 52
children for FFM and FM in kg using the reference method DO dilution
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technique (Sen at al., 2008, 2010). Mean FFM derived by all the five
methods were comparatively lower than the ones by the reference method
(Table 1). Mean FFM derived by AN-1 was 2.22% lower than the reference
method (p=0.002) and FFM derived by AN-2 was 0.68% lower than DO
dilution (p=0.29). The mean FFM values derived by BI1, BI2, and BI3 were
2.76% (p=0.003), 5.49% (p<0.001) and 11.5% (p<0.001) lower than t
reference method respectively. ¢

Table 1. The mean and SD of FFMkg and as % body we erive
by the five equations under study and by the D,O dilutigm t ique

(Reference method) ¢

Methods FFMKkg: Mean + S
(%FFM: Mean + SD
D20 dilution 7.28+1.13

£

Anthropometry 7.1
(AN-1) (80.

Anthropometry 13

(AN-2) €

BIA (BI1) +0.98
+2.50)

BIA (BI2) 83 +1.13
(77.07 £ 3.26)

BIA (BI3) 6.29+1.10
(71.02 £5.77)

x erived by AN-1, AN-2, BI1, BI2 and BI3 were 2.22%,
.76%; 5.49% and 11.5% higher than the reference method
. As expected, the mean FFM in boys tended to be higher than
t infthe girls for all Anthropometry and BIA methods. The differences
h er did not reach statistical significance. The mean and standard
deviations of paired values of the difference in FFM in kg and as percentage
of body weight between those derived by D,O dilution and each of the three
equations under study and 95% CI of the difference are shown in Table 2.

0
res
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Table 2. The Mean, SD of the difference in FFM (of paired values) in
kg and as percent of body weight between those derived by D,O
dilution and by each of the five equations under study and 95%

confidence interval of the difference

Mean difference in kg, SD 95% CI P*

(as % body weight)
2D,0-AN-1 0.18 0.57 0.05t00.31 0.007

(2.30) (639 | (0.89 t0 3.74) (0.002)
D,0-AN-2 0.04 0.57 -0.09t00.17 0.

(0.80) (6.51) | (-0.67 to 2.26) )
‘D.0-BI1 0.25 0.56 0.13t00.38 TS .

(2.98) (6.29) | (157 to4. .00
9D,0-BI2 0.47 0.57 0.34t0 0.60 .001

(5.72) (6.60) 3 (<0.001)
¢D20-BI3 141 0.60 <0.001

(16.25) (7.18) (<0.001)

adifference between D20 method and Anthropome dellits& Cheek 1970

bdifference between D20 method and Anthrop @
cdifference between D20 method and Bioelectfigal dfnpedance analysis of Fjeld et al. 1990
ddifference between D20 method and Bioelectricalfhmpedance analysis of Bocage 1988)

tdifference between DO method and Bigelectrical Impedance analysis of Kushner et al. 1992
*The t-test evaluates the difference of @' rgd values from zero.

Distribution of poin@Fng along the line of identity (i.e., at 45°)
between D,O andf’e AN-1, AN-2, BI1, BI2 and BI3 method
S

respectively, n in Figure 1(a)-(e). Bland- Altman plots of the
differenees @ in each participant between D,O and each of the

equat -2, BI1, BI2 and BI3 against average FFMkg are shown

io -
Figurel 2(fe(j¥, mean differences were 0.18, 0.04, 0.25, 0.47, 141
res ere shown.

Far comparison of all these anthropometry and BIA methods, the results
S

RX4

d that the FFMKg derived by the equation of AN-2 and BI1 gives a
better agreement with the reference method; 95% limits of agreement with
the reference method (i.e., mean + 2SD) were -0.81 to 1.11 and -0.91 to 1.01
for AN-1 and AN-2; -0.74 to 1.14, -0.55 to 1.29 and -0.16 to 1.76 for BI1,
B12 and BI3 respectively.
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(@ Mellits & Cheek
(AN-1)
2 ‘g
= E $
T g 5 i
£
£
<
FFMkg (D20)
(c) Fjeld et al (BI1)
g .
> L,
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L

FFMkg (D20)

(Anthropometry)

FMkg

O
(b) Morgenstern (AN-2)

4
2
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FEMkg (D

FEMKg (D20)

Figure 1. (a,b,c,d,e): FFMKkg: Individual data points comparing values derived by the
reference method (D,0 dilution) with those by the five equations under study are
plotted along the “line of identity” (at 45%ngle). ANTHFFMkg: FFMKg derived by the
two equations based on anthropometry (AN-1 & AN-2), plotted against DO method
(R?=0.75, R?=0.76 respectively). BIAFFMkg: FFMKg derived by the three equations
based on Bio electrical Impedance Analysis (BI1, BI2 &BI3) plotted against

(R?=0.74, R?=0.76 & R?=0.73 respectively). D,OFFM kg: FFMkg derived by D,O

dilution method.
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Figure : Bland —Altman plots of the difference in each participant between
ki by D,0 as reference method and each of the methods under study

average of the FFMkg by D,0 method. The solid line and the dotted
s argithe mean and 2 SD are the mean and 2SD of the differences, respectively.
-1: mean difference = 0.18, SD=0.57, p=0.007.
D,0O-AN-2: mean difference = 0.04, SD= 0.57, p=0.505.
D,0O-BI1: mean difference = 0.25, SD= 0.56, p=0.0002.
D,0O-BI2: mean difference = 0.47, SD= 0.57, p<0.0001.
D,0O-BI3: mean difference = 1.04, SD= 0.59, p<0.0001.
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We showed that the percentage of FFM in Indian infants derived by all
the three method were consistently higher than the reference values in the

US infants, indicating that the Indian infants are considerably leaner and
have lower FM percentage.

Individual data points for percentage of FFM derived by the BIA
equation of Fjeld et al., 1990 and by the reference method are plotted agai
age in months. Age and sex specific reference data on percentageqFMIin
healthy American infants derived by multicomponent models ar%5
plotted for comparison. As expected, the percentage
consistently higher than the reference values for healthy om the

infant
USA (Figure 3). . \6
(a) D0 Equation - [b%\m
- i} Loy
:':-:‘j,‘-l u"
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o 3 a - 12 13 = n 2427

Agein m:r:O Apein month
Figure 3. Individual points for percentage of fat-free mass (FFM) derived by D,O
dilution metho bioelectrical impedance analysis equation of Fjeld et
al,1990 (dyare dfagainst age in months. Age and sex-specific reference values for
percentage infhealthy American infants derived by multicomponent models

(Butte n2 are plotted for comparison (data points are connected). Boys(x),
isls( &), boys(-o- ,Butte NF) girls(-o- ,Butte NF).

DEVELOPMENT OF NEW EQUATIONS

A The best fit equations derived by regression models were first examined
on the infants on whom the equations were developed. We used them on a
new set of infants in the same age group who also had D20 dilution test and
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compared the %body fat derived by the developed equations and by D,0O
reference method. Percent fat derived by the new equations were plotted
against those based on the equation for D>O dilution by scatter diagrams and
agreement was visually examined to note if the points lie close to the “line
of equality” (i.e., the line at a 45° angle). Further more, the difference in
%body fat for each child of the validation set between those derived by t
new equations and by DO dilution was evaluated for their differenge fg@m
zero by t-test. For reasonably symmetric distribution we expect the

mean * 2SD, to include about 95% of the observations and edthi
indicate 95% limits of agreement (Altman DJ, 1992). To evaluatetaow well
the methods are likely to agree for comparing gréu s%&ed 95%
confidence interval of the mean of the differences ine & 0 examine
the agreement between two groups. For a good agrg expect that the
range, mean of the difference + 2SE, to indicmits of agreement

within which group means will lie 95% of the ti

REGRESSION UATIONS

Multiple linear regre @es were applied to the data to select the
combination of variable§ywhi¢h would give the lowest Root Mean Square

Error (RMSE) a ighest adjusted R2. Initially higher order polynomial
terms were in i0 a regression to test for nonlinearity. This was done
univariatel %‘x independent variable with FFMKkg derived by D,O
dilutio & he dependant variable. For developing the equations, we
e @n variable at a time as predictor variables as stated earlier and
exami e values of adjusted R?. The adjusted R? values are shown for
ch model with increasing number of predictor variables. In this way, the
last'model (i.e., model 5) was the best fit for girls and for boys model 2 was
the best fit model. Model 5 included biceps, MAC (Mid Arm
Circumference), age?, and triceps? and model 2 included biceps and

suprailiac as predictor variables. We have taken these values to construct the
final equations, which are (Sen et al., 2010).
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Girls: %body fat=-69.26 + 5.76 x B -0.33 x T>+ 5.40 x M +
0.01 x A2 (1)

Boys: %body fat=-8.75+3.73x B+ 257 x S (2)

where B = biceps skinfold thickness in mm, T = triceps skinfold thickne
in mm, S = suprailiac skinfold thickness in mm, M = mid arm circurgferefice
in cm, and A = age in month.

In the same way, using regression models, we develope Xd
equations for FFM in kg (FFMKg) (Sen et al., 2017).
2

FFMKkg =0.72+0.30*(weight)+0.16*(sex)+ \
0.52*(Length?/resistance) Q (3)
where, Length in cm, Weight in kg, Resi ta@ : (Boys=1, Girls=0).

EVALUATION USING NE INFOLD THICKNESS
EQUATI TATED EARLIER

The mean (SD) calculated by the new equations were 17.11
(6.25) and 16.93 (@girls and boys respectively. Likewise mean (SD)
of %body fa by D,O dilution methods were 17.11 (7.25) and
16.93 (6. gigls and boys respectively. The 95% confidence limits of

e difference in %body fat derived by D,O and by the new

the m
ati@re -1.45 to +1.45 percent for girls and -1.33 to +1.33 percent
f s expected, the mean of the difference in %body fat was zero.

: @Bioelectrical Impedance Analysis

BIA measures impedance of the body to a small electric current. The
O generic theoretical model treats the body as a single cylinder, with

N\
Q\
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measurements made between electrodes placed manually on the wrist and
ankle. Adjustment of bioelectrical data for height allows estimation of TBW.
The theoretical relation (Nyboer,0 1972) is as follows:

Val?z

where V is the volume of the body water in the subject, Z is impedagce @nd
L is the length of the subject. In our study, impedance and resistancetwe

measured with a multi-frequency bioelectrical impedance an r (it

model 4000b; Xitrons technologies Inc. San Diego, USA)gisingya single
frequency of 50 kHz. Children with dry light clothes lafPs urenberg
et al. 1989, 1988) with arms apart from the body an ed so that
the thighs did not touch. After cleaning the ski t with alcohol,
one pair of electrodes (foil disposable 5 cm?E %des) was placed on
the dorsal surfaces of the right hand at the | metacarpal joints and
between the distal prominence of th L d ulna. Another pair was

placed at the distal metatarsal jointSan@d®etween the lateral malleoli of the
right foot. The BIA is a simple and%eminently suitable method as an

epidemiological tool and is W‘practical method that estimates FFM

and this newly develope equation should be suitable for this
population.

AppllCﬂ)lh@Qedlctwe Equations
ng

Q w prediction equations (1 and 2) we calculated the percent
endent sample of 23 infants (11 girls and 12 boys) in the same

p and from the same community; we also calculated %body fat on

smg the D20 dilution equation. Mean (SD) of the predicted %body

fat derived by the new skinfold thickness equations were 20.15 (7.06) and

14.21 (4.27) and by the D,O dilution were 19.22 (9.54) and 15.36 (4.49) for

A girls and boys respectively. The mean (SE) of the difference in %body fat of

the new skinfold and D,O methods were -0.93 (1.98) for girls and 1.14 (0.70)

Q for boys. The mean (SD) for the difference in %body fat were -0.93 (6.56)
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percent for girls and 1.14 (2.43) percent for boys. Distribution of data points
along the line of identity (45°) between %body fat derived from D,O dilution
method and by the new equation applied on the validated group have shown
in Figure 4(a). The Bland-Altman, 1990 plots of the paired differences
between the %body fat derived by D,O reference method and the new
equations for the validation group of girls and boys are plotted again

average %body fat derived by D,O method and respective new eguati@ns
(Figure 4(b)).

%Fat New equation

%Fat (difference)

20 30 40

%Fat (average)

%Fat (D,0) @
(@) g" (b)
Figure 4. (a): Individ@ s of percent body fat (%fat) comparing values

derived by the refere ethed (D-O dilution) with the new predictive equations for

Validation gro ? 1s'®) and boys (=) under study along the “line of identity” (at
d JAltman plots of the difference between %fat derived by D,O

45%ngle)¥(b): |
reference d e new equations for validation group of girls (*) and for boys
(=) plo@ average %fat derived by D,O method and respective new equation.
nce = -0.93, SD= 6.56.
an\difference = 1.14, SD=2.43.

@Application of the New BIA Equation

O

We calculated the body composition in an independent sample of 328
infants and children (164 boys and 164 girls) of similar age group and from
the same community. We used the total fat free mass (FFM) and fat mass
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(FM) derived from the weight and FFM to separate BMI into a fat mass
index (FMI) and a fat free mass index (FFMI) as described by Demerath EW
et al., 2006

BMI=Weight/height>= FM/height? +FFM/height>=FMI+FFMI
(Weight, FM and FFM are in kg, height in meters).

In a two component model body composition may be expressec? Q
and FFMI as earlier suggested by Van Itallie and colleagues £Val N
al., 1990). In developed countries, BMI values steadily fall a% of
1 year to a minimum around 6 years of age (on aver@e) % rts to
increase and this phenomenon has been termed adipasit Rolland-
Chachera et al., 1987), and age of adiposity rebound%ve of obesity.
In a longitudinal study of a large cohort of g iksson JG and
colleagues (Eriksson et al., 2003) have shown y adiposity rebound
is associated with obesity in childhoogdsag It Iifie and higher cumulative
incidence of type 2 diabetes. In al Jer sample of infants and young
children, we notice a trend for adipoSity rebound at an early age of 12-15
months (Figure 5).
BMI was split into FMI MI for this larger sample and plotted
against age in month (Fi FFMI trajectories in the study children
do not follow the patteryof BMI in that there is no discernable rebound
around 12-15 months ofage. On the other hand the FMI showed a distinct
adiposity reb round the same age as seen for BMI trajectory suggesting
that adirm 't@d is indeed associated with FMI trajectory. The study
childr ally lean as reflected in the very low FMI compared to
re@dren. Maynard LM and colleagues (Maynard et al., 2001) have

S the average incremental changes in BMI in children are
associated with marked variability in body composition changes depending

on the sex and age. In a study in older children aged 8 to 18 years Demerath
@EW and Colleagues (Demerath et al., 2006) have shown a curvilinear (J

shaped) relationship between BMI percentile and FM% (Figure 7). Fat mass
per unit of fat free mass is a better indicator if fatness (Figure 8). Their study
O indicates that BMI in children in the overweight ranges shows an association
with higher adiposity compared to those in low to middle weight range. We
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plotted the FMI and FFMI in these study children against BMI values
(Figure-9). These infants and young children show a similar trend i.e., higher
BMI is associated with increasing FMI while FFMI shows a near linear
relationship.

Weight in kg

study children compared to refere, 9»’
--x-- reference Girl; -A-- Studyzhoyuf=--0-- Study girl.

They come from iddle socio economic strata in a metropolitan city
in India and esent a large urban population. The average birth

2000)

ortion underweight (i.e., <2500 g) at birth is as high as

nicéf, 2012). Body weight and BMI trajectory during 6 m-12 m
r growth during infancy. Further they show a trend for very early
dipagity rebound. These 3 factors i.e., LBW, poor weight gain in infancy

weight iﬁﬁ lIgw (Sen et al., 2005, Gurav et al., 2003, Muthayya et al.,

and osteoporosis) (Eriksson et al., 1999, Osmond et al., 1993, Frankel et al.,

and a likelihood of early adiposity rebound make such children vulnerable
@to chronic adult diseases (like CHD, type 2 diabetes, hypertension, stroke

O

1996, Rich Edward et al., 1976, Eriksson et al., 2001, Barker, 2001). High
rates of CHD and type 2 diabetes are being reported by the developing
countries in one or two generations (Bulatao et al., 1992, Fall, 2001) and the
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predicted epidemics of them are expected to intensify, particularly in India
over the next two decades (Wild et al., 2004). It is therefore of considerable
interest to study the body composition in infants and children to better
understand the phenomenon of the developmental origin of chronic adult
diseases and this new equation should provide a useful tool for population
based studies.

BMI

FFMI

O+

FMI

Ape in months

Figure 6. BMI, FFMI and FMI (average of two monthly data points) of the study
children (n=328) plotted against age in month. For comparison we have plotted the age
specific reference data on infants and children in USA derived by multicomponent
modeling (Butte et al. 2000). ----o--- Reference (Boys), --=---- Reference (Girls), ~-A---
study Boys and --x-- study girls.
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Figure 7. BoxXjgl M% derived by BIA based (Fjeld et al., 1990) equations by
body méss Nercentile (BMIP) groups in boys (a) and girls (b) are shown. The

P gkoups are, BMIP<5 =1(boys: 45, girls: 25), BMIP>5 &<10 = 2 (boys: 10, girls:
16 &<25= 3 (boys: 34, girls: 38), BMIP>25 &<85 = 4 (boys: 52, girls: 56),

IP>85 &<94 =5 (boys: 8, girls: 5), and BMIP>94 =6 (boys: 3, girls: 2). The line in
t jtldle of the box represents the median. The box extends from the 25" percentile

to 75™ percentile. The lines emerging from the box are upper or lower adjacent rules
%Which extend £ 1.5 times the interquartile range.
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Figure 8. Individual data poifats of fat mass (FM)/fat free mass (FFM) ratio against
BMI percentile f and (b) for boys and girls respectively.

.
CKING OF THIN-FAT PHENOTYPE

weight for height indices such as Z-scores have not been evaluated
f r ability to predict FFM. Weight for height and recently introduced
body mass index (BMI) Z-score for children do not distinguish fat and fat

@free masses. In fact there is a twofold range of variation in fatness for a given
5 BMI value in individual children (Wells & Fewtrell, 2006). Based on skin

fold measurement Yajnik and Colleagues have shown that Indian babies are
O not only small but also have less muscle mass and relatively more fat mass,

FMUFFM Ratio
/ .
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FFMI

FMI

BMI (in groups)

L 2
Figure 9. @nts for FFMI and FMI derived by the new equation of the
en

328) are plotted against BMI in groups (BMI 12 to <14=1, BMI 14
15 to <16=3, BMI 16 to <17 =4 & BMI > 17=5). k- represents girls

t called ‘thin fat baby’ syndrome (Yajnik et al., 2002, 2003). They

further showed that thin fat babies grow up to become thin fat adults with
@thinner limbs and high waist-hip ratio; they appear to be foetally programed
A and predisposed to diabetes. He also showed that the smallness and thinness

of Indian babies is present at birth and an unusual thin-fat baby composition
O is associated with the insulin resistance syndrome (Yajnik et al., 2002,
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L 4
2003). To further understand and study such phenomena validated 0
prediction equations for FFM based on anthropometry should be of value.
The conventional weight for height indices and BMI percentile are likely to \

be inadequate to understand the growth and development of FFM.

Percentage of fat

Weight for Height Percentil3

Figure 10. Individual data points ntage of body fat (% body fat) derived by
D0 dilution reference meth irls +) are plotted against weight for height
percentile. The mean % body fat offAmerican infants (Boys [, girls o) of the same age
group derived by multi dQéxodels are plotted against their weight for height
percentiles.

Bab'@s i@ sia have a lower birth weight than their western
counterpa dies have shown that body-fat is relatively preserved in
these es, Iading to their description as ‘thin fat’ (Yajnik et al., 2003).

he populations in India have a higher percentage of body fat for a

MI than Western populations (Krishnaveni et al., 2005, Bavedkar,

"' Based on the above, it has been speculated that increased body fat at

birth tracks into adulthood depending on environmental constraints
@(Muthayya et al., 2006). This study has generated quality data on fat and
A lean body mass percentage in a group of infants from low-middle income

families. On examining the association of the percentage of fat in our study
O infants (Figure 10) with leanness as indicated by their weight-for-length
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percentile, we note that 55 (17%) of the 331 children are below 25%
percentile for weight for length by the NCHS standard who may be consider
lean. Of these 55 infants, 6(11%) had more than 25% body fat. Therefore,
nearly 11% of the lean infants had high fat percentage who may be
considered to fall among the so called thin-fat phenotype as described by

Yajnik and Collegues (Yajnik et al., 2003).
’ Q
CONCLUSION Q\

We used a stable isotope dilution technique as g cg/standard.
Isotope dilution methods use a two component mod%ure FFM and
FM and are generally safe, reliable, accurate in infants and
children.

The BIA is a simple and suitable me @pldemlologlcal tool and
is the only practical method that e '

The validated published equationsfand the new equations should go a
long way in fulfilling the need for in-depth studies to understand the early

origin (i.e., fetal, neonatal a childhood) of adult diseases of great
public health importanc diabetes, hypertension, coronary heart
disease. 9

Based on ski urement, Yajnik and Colleagues, 2003 have
shown that Indi ies are not only small at birth they also have less
muscle fhass latively more fat mass, the so called ‘thin fat baby’

syndro et al, 2002; 2003). They further showed that thin fat
i @4 to become thin fat adults with thinner limbs and high waist-
i i y appear to be foetally programed and predisposed to diabetes.

showed that the smallness and thinness of Indian babies is present
th and an unusual thin-fat body composition is associated with the

insulin resistance syndrome (Yajnik, 2004). To further understand and study
! such phenomena validated prediction equations for FFM based on BIA

should be of great value.
We note that %fat in both boys and girls are generally much lower than
those found in healthy American infants of similar age group. However in
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four girls and one boy the %fat values were higher than the reference data.
We examined their weight for age and weight for height standard deviation
scores (data not shown) and they were considerably lower than the median
reference values (of NCHS reference data for age. Except for these five
infants it appears that the study infants do not demonstrates the so-called
phenomenon of “thin-fat Indian baby” syndrome described by Yajnik C

and colleagues (Yajnik et al, 2003). It should however be noted that thése
equations were developed on infants from a relatively low socioecoxh

status and they should be applied with caution on infan ()
socioeconomic strata in South Asia.

These apparently healthy infants drawn f %ely low
socioeconomic strata of a metropolitan city in India a very lean.
This phenomenon largely reflects inadequate qutgitioy ing infancy and
early childhood and is likely to be a cons the well known
phenomenon of prolonged breast feedigg cOmbied with inadequate
weaning food of low energy densit reastfeeding rate in this
study population was as high as 88

Until recently, interest in postnatal Weight gain was primarily related to

causes of failure to thrive, as malnutrition, infection and other
pathological and geneti(@ s.However, the situation changed with the

recent studies that raisedithe pssibility that rapid postnatal growth may be
associated with an isk of chronic diseases in adult life such as
diabetes, hypertensign and coronary heart disease (Baird et al., 2005,
Singhal gf al. tcalf & Monaghan, 2001). In this context the role of
breast fee& cularly prolonged breast feeding as is common in South
Asia- ghoul ract a fresh evaluation.
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%c) ABSTRACT

Body mass and proportions disorders are now a global problem on
every stage of the human ontogenesis, not only among adults but also
among children. Causes of these disorders are extensive and ambiguous.
However, the main groups of factors connected with body mass and
proportions disorders are the following: genetic and environmental factors

O * Corresponding Author’s Email: paulina.pruszkowska@biol.uni.lodz.pl.
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including lifestyle, prenatal period, and socio-economical status.
Epigenetics provides new information, which links genetic and
environmental influences. Consequence of it are chemical modifications of
DNA without changing quantity and order of nucleotides.

INTRODUCTION

*
Body composition and proportion disorders among chi \Q
f obgsi

nowadays very important issues. Regarding the rising proble
but also underweight more studies are needed in this area
problems are important for human population on evegy s
In both cases - obesity and underweight, th:&x of various
socioeconomic, genetic and environmenta observed. To
appropriately recognise type of the bod on and proportion
disorders it is crucial to dlstlngmsht g d@mdlrect genesis. These
ersWhich directly result from
energy balance and those which

Fhis type of categorization has
tice, diagnosis and therapy (Table 1).

body composition and proportioq
conscious manipulation of the da
indirectly result from other diseases.
particular importance in clini

Indirect (secondary)
XCess Deficiencies Excess
e Overweight |e Advanced stage |¢  Syndromes:
e  Obesity of AIDS -Prader -Willi,
e  Tuberculosis -Bardet -Biedl,
nervosa e Cancer -Alstrom and Cohe
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UNDERWEIGHT (DEFINITION, TYPES, CAUSES)

Body mass deficiencies may have a different genesis, most often they
are an effect (conscious or unconscious) of supplying insufficient amount of
energy values in relation to energy expenditure for a given individual
(appropriate for age, sex, type of physical activity). The consci
achievement of a body mass deficit is understood as manipulatioft e
energy balance, obtained through the use of reducing diets an &1"
exercises. The unconscious attainment of a lack of body mass¥gsultS¥ro
limited material resources, the lack of sufficient resource royide the
individual with an adequate amount of a full-fledge |’e %

The group of body weight deficits achieve(%usy includes
anorexia nervosa (AN) and bulimia nervosa ( is a psychical
disorder which is characterized by restrictive a nt of the amount of
food consumed. In contrast to AN pati @ rom BN do not reduce
food consumption, but after mea m ood introduced into the

digestive system in a direct way by u vomiting or laxatives, or indirectly
through forceful physical exercises (Strzelecki et al., 2007).

Statistical Data S the Problem of Underweight at Selected
Stages of Ontogenes

AccBrdi eke (2006) 8 out of every 100,000 people suffer AN in
e years 1935-1999 an upward trend in the number of people

th AN is observed, most often these are women aged 15 to 24

verage incidence of AN among girls and young women is 0.3%,

N is 1%.

he problem of children and young people with underweight is worth to

explain giving as an example country from central Europe - Poland.

Based on the available sources it is known that the percentage of people
with body weight deficits varies depending on the region of Poland and
depending on the calendar age of the subjects (ontogenesis stage). In Eastern
Poland, 14.9% of girls aged 10-15 years belong to the group of children with
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weight deficiencies (Poplawska et al.,, 2011). In Northern Poland,
deficiencies in body mass (Walentukiewicz et al., 2011) are observed in 14%
of girls aged 18 years. Less often, body mass deficiencies are observed in
children living in the Western regions of the country - in the group of 10-15
year-old boys, the prevalence is 9.6%, among girls - 11.5% (Czajka and
Kochan, 2012). Among the students of Central Poland, weight loss i
observed in 11% of people (Kardjalik et al., 2012). ¢

According to research by Zadzinska et al., (2012), conduc
2002/2004 among children and young people living in Lodz, t 0 f
underweight concerns 13.7% of boys in the 7-12 age groupmi2.5% in the
13-15 age group and 8.7% in group of 16-18 years, A h% of girls,
underweight is observed much more frequently. A & year olds,
body weight deficits were found in 23.6% of4gir, s 13-15 years -
20.2% and 17.7% in girls aged 16-18. Thesege re compared with
data obtained in studies conducted in lLodz e years 1977/1978,
1987/1988, 1992/1994. In the 1 78 the prevalence of
underweight in both sexes was high a decade later. Since 1987, there
has been a clear trend of increasing ency of body weight deficits in
children of both sexes, in all tegories.

Definitely less unifi o)y the above topic applies to older age
groups. According to the studies by Szklarska and Lipowicz (2012) this
specific “gap” in 1 y be partly caused by the awareness of the

consequences o; E urement error resulting from the fact that body weight

decreaseg wi result of lowering bone mineral density (additionally
it is a featre is influenced by age, sex and lifestyle, i.e., smoking,
drinkifig coffe®; alcohol consumption, physical activity, education level, as

% mber of born children in the case of women).
@How Genes Affect Underweight?

The development of molecular biology has significantly influenced the
search for causes of body mass deficiencies that are the consequence of AN
and BN in the human genome. The most frequently mentioned genes
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connected with AN and BN are: CNR1 encoding endocannabinoid CB1
receptor, FAAH gene coding fatty acid amide hydrolase (Monteleone et al.,
2009) and 5-HTT gene - serotonin transporter (Castellini et al., 2012).

The polymorphism rs1049353 (G / A) of the CNR1 gene shows an
increased incidence in patients with AN and BM. In patients with AN, the
synergistic effect of the gene polymorphisms CNR1 - rs1049353 (G/A) a
FAAH rs324420 (C/A) was more frequent, while no such effgct aas

observed in patients with BM. \
Among patients with AN and BN, disturbed serotonify@ctivi

observed which, according to research, may be responsible ulation
of abnormal nutritional behaviors. The gene enc8tin erotonin
transporter is an integral membrane protein locat N resynaptic
neuronal membrane. The 5-HTT protein is encagde e gene located
on the 17th chromosome (Calati et al., 2011).
There are described 50 polymorphisms
(Castellini et al., 2012). One of

T gene promoter sites
LPR is located in the

transcriptional control region at ‘end of the 5-HTTLPR coding
sequence. It is composed of 43 base palts,(bp) of repeating 6 or 8 elements
undergoing insertion or deleti e case with deletions is the short version

(S), while the insertions decidg on/the long variant (L). The occurrence of
the S variant reduces tr@cnptional performance of the 5-HTT gene
promoter, which i ases the expression of the 5-HTT gene. A
higher frequenc @ariant is observed in patients with AN compared
to healthy suf; @3' powever, this relationship was not found among patients
with BN ~ al., 2011). As the researches show in the group of patients
with /@ ive activity of some areas of the brain responsible for the
roduc serotonin was also noticed (Bailer et al., 2005).

The significance of genetic factors in the epidemiology of the formation
sciously controlled body mass deficits is supported by research

indicating the more frequently observed diseases of eating disorders
: associated with body mass deficiencies in both monozygotic twins (Suisman

etal., 2012).
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Association of Environmental Factors with Underweight

Reports about environmental factors that have a significant impact on
the prevalence of body weight deficiencies are numerous, including place of
residence, level of education, impact of previous illnesses (Larsen et al.,
2018). The environment is understood as a set of external factors affecti
the genotype by shaping the phenotype of the organism. Among the most
frequently analyzed environmental factors which significantly modifyyt
body mass, are: lifestyle, socio-economic status, level of eRuironmental

pollution and also the prenatal environment
Mass culture is a significant factor shaping the tift % society,
including the choice of a lifestyle that may maintai x opment of
eating disorders that lead to body mass deficiedgi Ily in the group

of young girls (Strzelecki et al., 2007).
In order to achieve the intended a@ﬂ s follow the cultural
se

trends changing their lifestyle. In consequence of this may
be BN (gluttony attacks intertwine periods of hunger, patients after
the meal make use of vomiting, diuretie measures, as well as increased
physical exercise) or AN (pa i se restrictive diets and intense physical
activity). Researches |n ating disorders mainly affect females
(Frackowiak-Sochanskag201 1f) Strzelecki et al., 2007).

There is little i about the correlation of prenatal environment

conditions W% ndency to suffer from diseases resulting in low body

(A

mass ingpos . However, according to Mathieu (2009) women
sufferin rexia through the use of food restrictions may affect the
child’§/bod ss defects as well as underweight. Moreover in the research
conduc Zadzinska and Rosset (2013) they proved that children whose
thefs experienced trauma during pregnancy were more frequent
eight in comparison with children whose mothers were not affected

by trauma during pregnancy.

As the research shows, there is a statistically significant relationship
between socioeconomic status and the probability of developing an AN. A
higher socioeconomic status predisposes to the disease (Ziora et al., 2008,
Lewitt et al., 2008) what was proposed on the basis of the research conducted
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on the selected group of Polish patients (Ziora et al., 2008). The factors that
testified to the higher socio-economic status in the studies were the
residential conditions of the patients. The largest number of patients declared
single-family houses or new apartments as a place of residence. The family
model most often found in patients (but also in healthy ones) consists of four
members: mother, father and two children. In the families of patients t

presence of grandparents living in the family home was also frequegtly
found, which according to Ziora et al., (2008) may indicate a single-Ny
house as a place of residence, because multi-generational families Usua

live in a single-family homes. Among the patients, more fre t 0Geurrence
of family-related conflicts was observed, as well as th o(% patients

from single-parent families (Ziora et al., 2008, Lewi 9&1\

OVERWEIGHT @ Y
(DEFINITIO s, CAUSES)
In terms of excess weight,@verweight and obesity of I, 1l and Il type
are distinguished. Overweig esity are the main clinical problems of
modern human populati ifNg from eating disorders. The distinction
between these two di is ade on the basis of the individual BMI index
related to the range of Vatiation of this trait that is appropriate for the age
and sex of th jecti@iiKuczmarski et al., 2000; Rosset et al., 2009). Obesity
is defineﬁ @WHO, 2000) as abnormal and extensive accumulation
of fat tively affects human health.
Due to the different type of adipose tissue localization we distinguish:
f -gluteal obesity (more often diagnosed in women), and abdominal,
visceral obesity (more frequent in men as well as in postmenopausal women)
(Staron et al., 2005).
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Statistical Data Showing the Problem of Overweight and Obesity
at Selected Stages of Ontogenesis

Due to the significant increase in the frequency of people with excess
body mass in each age group, in all human populations in 2004 WHO
declared a world-wide epidemic of obesity (Sikorska-Wisniewska 200
Since then, more and more research has been conducted into the cause§iof
this phenomenon (Zadzinska et al., 2004, Janssen et al., 2005, Si
Wisniewska, 2007, Sitek et al., 2012). According to Eriksson .
the risk factors of obesity include the birth weight and bod ssachieved
in the first years of life and during the child’s p & %of obese
children in childhood have a lifetime of problem\%& -Chojnacka,
2012).

In Europe, 10-25% of men and 10-30% o ruggle with excess
body mass. Over the past 10 years, th e% obesity has increased
by 10-40% depending on the popul ver®8% of the European society

are people with excess body mass. | tion, higher-than-expected BMI is
more common in men than in women (T8igos et al., 2009). According to a

cross-sectional study of yo ople (10-16 years) from 34 (mainly
European) participating n the 2001-2002 Health Behavior in
School-Aged Study, Qhest incidence of excess body weight
(overweight and o een observed in Malta (25, 4% and 7.9%) and
in the United States {@5.1% and 6.8%). The lowest frequency of excess body
weight was @n ithuania (5.1% and 0.4%) and Latvia (5.9% and

nce of overweight and obesity is particularly high in
ica, southwestern Europe and the United Kingdom (Janssen et

ccording to data from 2008, Malta was overtaken by the British
terms of the frequency of excess body mass (Osiecka-Chojnacka,

In Poland, based on various studies, differences in the frequency of
diagnosed excess weight of children might be observed also on regional
level. In Eastern Poland, 8.6% of girls in pubertal age (here, examined girls
aged 10-15 years) belong to the group with excess body weight, overweight
is characterized by 7.9% of girls, and 0.7% by obesity (Poptawska et al.,
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2011). In Northern Poland, 16% of girls aged 18 show excessive body mass
(Walentukiewicz et al., 2011). In the group of boys aged 10-15 living in
Western Poland, 16.8% are overweight children and 5% are obese. In the
group of girls from this region of the country, 13.1% of children are
overweight, 4.3% are obese (Czajka, Kochan 2012). Among students of

Central Poland, 26.6% of men and 6.5% of women (Kardjalik et al., 201
belong to the group of people with excess body mass. According togthe

aforementioned studies, Zadzinska et al., (2012), conducted in ZOO%
among children and adolescents living in Lodz, overweight co
9% in

of boys in the 7-12 age group, 17.0% in the 13-15 age gro

16-18 age group. However, in the group of Lodz’s girf§ 1% children
aged 7-12, 12.6% aged 13-15 and 8.1% aged 16-1 N terized by
excess body weight. The above values comparned # sults obtained
in studies from the previous three decades (fto /1978, 1987/1988,
1992/1994) show that in all 4 studies condugted, the percentage of girls with
overweight is similar, the exceptig r 7-12 year old girls with
overweight in 1992/1994. In the of boys, the picture is slightly
different. Most cases of overweight cerned boys 7-12 years old in

1977/1978, while in 1987/19, ecrease to 14.5% was recorded, and in
1992/1994 and 2002/20@ epincrease to 17.4% for this group age. In
r

—

the age range of 13-15 yéars, ifithe years 1977/1978, 1987/1988, 1992/1994,
a downward trend ed (1977/1978 - 16.4%, 1987/1988 - 15.9%,
1992/1994 - 13 in the 2002/2004 study, the number of overweight boys
increased, ag 0) in the oldest group (16-18 years). The smallest
problem o\‘ ght was registered in 1987/1988 (8.4%), in 1977/1978

(12.0%) it igher than in 1987/1988, but smaller than in 1992/1994 and
2 hen the upward trend was observed (respectively 15.3% and
9%

O
QA
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How Genes Affect Overweight and Obesity?

Obesity is a trait determined by many genes, only 200 cases of
monogenic obesity have been described globally (Meczekalski, 2008).
Current research based on twins revealed that genetic predisposition
explained the 47% to 80% BM I variation (Elks et al., 2012). Silventoinen
al., (2010) demonstrated that the BMI of adopted children correlatesstrongly
with biological parents, and less with adoptive parents. The gene“wo
frequently mentioned in the literature which include the high umier
polymorphisms predisposing to fat accumulation is FTO. T, ene is
located on the long arm of the 16 chromosome (16 1% odes the
enzyme - 2-oxoglutarate demethylase, occurring e.g\ othalamus.
It is responsible for the craving and spendi y, probably by
affecting the intensity of lipolysis in adipocytes, i uce the amount of
adipose tissue (Sitek et al., 2014). The po % 9939609 of this gene
is an important predisposing factor ity Ién et al., 2008).

Researchers are wondering w ans evolved genes determining
predisposition to obesity. It is possible this is a legacy of ancestors who,

due to their nomadic lifes id not have constant access to food.
Therefore, individuals th to accumulate the largest resources of
food consumed were evelutio r|Iy better adapted to the environment, and
thus to survive “sparing” genes to descendants (Kapka-
Skrzypczak A change in lifestyle has caused a growing problem of
a balanc¢d e alance. Food became more easily available so energy
costs re alnlng food were minimized. In addition, in modern
huma po ons a decrease in physical activity is observed in favor of

Osiecka-Chojnacka, 2012).

Association of Environmental Factors and Increased Body Mass

The formation of processes that result in excess body mass depends on
the complex interactions between genetic determinant, diet, physical activity
and the living environment as a factor composed of many interdependent
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elements - variables (physical, social-economic, cultural), whose outcome
may condition the above disorders (Papas et al., 2007).

Lifestyle

Physical activity seems to be the most important environmental fagtor
modifying excess body weight (Koziet et al., 2006; Papas et al., 20 ‘N}
most disturbing are studies indicating the lack of physical a y amo
children and adolescents. According to data collected as p f roject
“2001-2002 Health Behavior in School-Aged Study? 0 %1., 2005)
in most countries of the world with children dia rweight or
obesity, the level of physical activity was lo ime of watching
TV longer compared to children with normal b In addition, in 91%

of the countries surveyed the higher frequency @f consumption of sweets
was associated with excess weight.

According to studies by Kulins kalska and Chlebny-Sokét (2011)
on a group of 102 children aged 10-15 yeass residing in Poland their physical
activity is very small, the m f children prefer a sedentary lifestyle.

Their diet is often incor alanced, contains too much fat (including
cholesterol) and carbohydrate§) and too little proteins. Parents’ eating habits
seem to be significgnt: n growing up among obese family members

(who are prob araCterized by bad eating habits) are more prone to
overweight o ity."Over the years, quantitative and qualitative changes

in the a N ood consumed are noted, it is high-energy food with
ﬁt ional value, highly processed eaten at irregular times of the

negli
ay -Chojnacka, 2012).
Thanks to Vaaga et al., (2012) it is known that an important factor that
fect the development of post-natal obesity is the poorly balanced diet
of the mother in the prenatal period of the child. When the mother does not
provide the right amount of nutrients the developing fetus “remembers” the
fact of rare food intake and tries to accumulate as much energy stocks as

possible. In addition, it probably leads to epigenetic changes and in the
postnatal period the body operates in the same way, according to the rule of
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economical phenotype, leading to obesity, as well as to grade 11 diabetes or
metabolic syndrome (Hales and Barker 2001, Cameron and Demerath 2002,
Wells, 2007, 2012). Moreover sex hormones in prenatal period can be also
connected with body composition in the future life. The 2D:4D digit ratio is
known as an indicator of fat and muscle mass due to the fact that it is as a
result of prenatal exposure to sex hormones along with the rule that t

higher index value the higher concentration of prenatal female sex hgrmafies
and the lower index value the higher concentration of prenatal mexe
hormones. Additionally, it is widely known that testosterone S MIUS

mass growth and that oestrogen maintains adipogenesis gRruSzkowska-
Przybylska et. al. (2018) proved that the digit ratio is fie a%ssociated
with muscle mass among girls what may be an im & mation in

creating the obesity prevention programs. Q

Socio-Economic Status

Global trends indicate a higher of obesity in well developed
countries with lower socio-e ic status, but within these populations a
higher SES (socio-econogai tus) seems to be a protective factor against
excess body weight (@ et al., 2018). Probably knowledge and
awareness about h

le of families characterized by higher socio-
is group parents have higher education) affects the
described eff iecka-Chojnacka, 2012). In turn, in families with a lower
ith parental elementary education, the lack of funds for the

SES es
urch@ althy food and active spending of free time causes the
iaCrease in the frequency of children with excess weight (Koziet et
iB-economic status, the larger the group of people with excess body mass
in the studied population (Osiecka-Chojnacka, 2012).
Noteworthy in Central and Eastern Europe, the period of political
transformation (the turn of the 1980s and 1990s) was reversed (high SES

correlated with childhood overweight and obesity) (Koziet et al., 2000;
Koziet et al., 2004; Zadzinska et al., 2012; Gomuta et al., 2015). Ulijaszek
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and Koziel (2007) explain these phenomena decreasing of physical activity
which is connected with higher incomes often spent on such goods as cars,
computers, television which are linked with sedentary lifestyle.

EPIGENETICS

. Q
For the epidemiology of body proportions, very promising ar %
results showing that epigenetic changes of the human gen C
connected with body mass. The epigenetics deals with t
genetic heredity, or heredity of gene expression cha e’ i ndent of the
DNA sequence. The mechanisms of epigenetics incl&& methylation,
histone modifications, modifications of n NA (Jiménez-
Chillarén et al., 2012).

According to Jiménez-Chillaron e
has a significant impact on the ge of epigenetic changes. The diets
that show the above effects include di€ts rich in fats, exceeding daily caloric
intake, low in proteins, limiting daily cal@bic intake, containing polyphenols,
biotin, ethanol.

Epigenetic changes t all stages of ontogenesis, however the
pre-natal period, especially the period between conception and embryo
implantation (the fi of intra-uterine life), seems to be the most eco-
positive perig fore, the mother’s diet is crucial in shaping the
morpholgic physiological features of the child’s body at the

subseq f ontogenesis, also determining disturbances in weight-
i reaﬁo ions, including excess body weight.
ses of body composition and proportion diseases are the
sultant of many environmental and genetic factor. Nonetheless, it is
ult to assess to what extent the genetic variables in which prenatal
factors (programming development) correspond to the disturbances of body
proportions and in which environmental modifiers (lifestyle, diet, SES).
According to the latest research, the value of BMI to a different degree

depends on genetic and environmental factors in women and men (Bergin et
al., 2012). BMI of women turns out to be more dependent on genetic factors

(2012) ype of food consumed
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than men (however, environmental factors have a greater impact on the
change in BMI). In the case of men, environmental factors seem to be a
definite cause of modulation of BMI values. Greater male susceptibility to
fluctuation changes in BMI values ay be associated with greater
ecosensitivity, characteristic of this sex (Janiszewska et al., 2012).

Table 2. Characteristics of epigenetic modifications ¢
(Jiménez-Chillarén et al., 2012, Mehler, 2008) \

DNA methylation Modifications of
histones

This is a covalent modification | These are series Q
based on the addition of methyl
groups to cosine.

It occurs above all on CpG
dinucleotides.

CpG islands are regions in
DNA that have a very large

riptional activity

M two DNA strands,
on-coding regions. The
obtained transcripts
determine the presence
of non-coding regulatory

number of Cp G dinucleotides osylation, RNAs.
(mainly areas near the ubiquitination
promoter). » ADP-ribosylation

P @Q REFERENCES

) ido K. F., Shannan E. H., Price J. C., Meltzer C. C, Weissfeld
is C. H., Drevets W. C, Wagner A., Hoge J., Ziolko S. K.,
MgConaha C. W., Kaye W. H. 2005. Brain Serotonin 5-HT1A Receptor
inding after recovery from anorexia nervosa measured by positron
emission tomographyand [Carbonyl11C] WAY-100635. Archives of

General Psychiatry, 62 (9): 1032-1041.
A Bergin J. E., Neale M. C., Eaves L. J., Martin N. G., Heath A. C., Maes H.
H. 2012. Genetic and Environmental Transmission of Body Mass Index

O Fluctuation. Behavior Genetics, 42(6): 867-874.




Environmental and Genetic Factors Affecting Body Mass ... 119

Calati R., Ronchi D., Bellini M., Serretti A. 2011. The 5-HTTLPR
polymorphism and eating disorders: A meta-analysis. International
Journal of Eating Disorders, 44 (3): 191-199.

Cameron N., Demerath E. W. 2002. Critical periods in human growth and
their relationship to diseases of ageing. Yearbook Phys. Anthropol. 45:
159-184

Castellini G., Ricca V., Lelli L., Bagnoli S., Faravelli E. L. C., SOrbaS.,
Nacmias B. 2012. Association between serotonin transportexy
polymorphism and eating disorders outcome: A 6-year follew-u

American Journal of Medical Genetics Part B. N hiatric
Genetics Volume, 159B (5): 491-500. *

Czajka K., Kochan K. 2012. BMI a wybrane M&N zdrowotne

uczniow szkotpodstawowych i gimnazjaln B selected health
behaviors of students of primary and junio @ schools] Problemy
i

Higieny i Epidemiologii [Problems of Hyg and Epidemiology], 93

(3): 551-557.

Elks, C. E., Den Hoed, M., Zhao, J. arp, S. J., Wareham, N. J., Loos,
R.J., & Ong, K. K. (2012). VariabNity in the heritability of body mass
index: a systematic r and meta-regression. Frontiers in

endocrinology, 3, 29.
Eriksson J., Forse T., O@C., Barker D., 2003 Obesity from cradle to

grave Internati | of Obesity, 27: 722-727.
Frackowiak- Sochafigka M. 2011. Zdrowie psychiczne kobiet i mezczyzn.

ktlturowa a kategorie “zdrowia psychicznego” i

“chordt glifcznych.” [Mental health of men and women. Socio-

ender and the categories of "mental health” and "mental

Nowiny Lekarskie [Medical News], 80 (5): 394-406.

ula, A., Nowak-Szczepanska, N., Danel, D. P., & Koziel, S. 2015.
erweight trends among Polish schoolchildren before and after the

transition from communism to capitalism. Economics & Human
: Biology, 19: 246-257.

Hales C. N., Barker D. J. P. 2001. The thrifty phenotype hypothesis. Br.

O Med. Bull. 60: 5-20.



120 Paulina Pruszkowska-Przybylska

Hoek HW. 2006. Incidence, prevalence and mortality of anorexia nervosa
and other eating disorders. Current Opinion in Psychiatry, 19 (4): 389-
394.

Janiszewska R. 2012. Wskazniki rozwoju fizycznego noworodkow
radomskich urodzonych w réznym wieku plodowym [Indicators of
physical development of Radom newborns born at different fetal ag
Problemy Higieny i Epidemiologii [Problems of Hygiepe <@nd
Epidemiology], 93 (4): 702-706.

Janssen P., Katzmarzyk T., Boyce W. F., Vereecken C., i ,
Roberts C., Currie C., Pickett W. 2005. The Health Behayvieur chool-
Aged Children Obesity Working Group. Comparis o%@ight and
obesity prevalence in school-aged youth from C and their

relationships with physical activity an“@ tterns. Obesity
Reviews, 6 (2): 123-132.

Jiménez-Chillarén J. C., Diaz R., MartinezgD., tihat T., Ramon-Krauel
M., Rib6 S., Plésch T. 2012 ro nutrition on epigenetic
modifications and their implic on health. Biochimie, 94: 2242-
2263.

Kapka-Skrzypczak L., Bilin
Wojtyla A. 2012. Zmi
przewlektych chor¢
method of
Problemy

Epidemigfogy

Niedzwiecka J., Kulpa P., Skowron J.,

ycia cztowieka jako metoda prewencji
niegakaznych [Change of human lifestyle as a
of chronic non-communicable diseases].
Epidemiologii [Problems of Hygiene and
1): 27-31.
Kardjalik a8 M., Maniecka-Bryta 1. 2012. Zachowania zdrowotne
3za odzywianiem orazwystepowanie nadwagi i otylosci w
rupiggstudentéw [Nutritional health behaviors and the occurrence of
overweight and obesity in a group of students]. Problemy Higieny i
idemiologii [Problems of Hygiene and Epidemiology], 93 (1): 71-79.
Kuklinska-Szukalska, K., Chlebna-Sokét, D. 2011. Styl zycia a
wystepowanie otylosci w badanej grupie dzieci 16dzkich [Lifestyle and
occurrence of obesity in the studied group of children from L6dz],
Przeglqd pediatryczny [Pediatric Review], 41 (4): 152-158.




Environmental and Genetic Factors Affecting Body Mass ... 121

Kuczmarski R. J., Flegal K. M. 2000. Criteria for definition of overweight
in transition: background andrecommendations for the United States.
Special Article The American Journal of Clinical Nutrition, 72: 1074—
1081.

Koziel, S., Kotodziej, H., & Ulijaszek, S. J. 2000. Parental education, body
mass index and prevalence of obesity among 14-year-old boys betwe
1987 and 1997 in Wroctaw, Poland. European journal of epidegiolegy,

16(12): 1163-1167. \e
Koziel, S., Welon, Z., Bielicki, T., Szklarska, A., & Ulijaszek, 0
effect of the economic transition on the body mass ind scripts

in Poland. Economics & Human Biology, 2(1): 974206
Koziel, S., Szklarska, A., Bielicki, T., & Malina, R. M

BMI of Polish conscripts between 1965 agd 2004: ar and socio-

occupational variation. International jousity, 30(9): 1382-

1388.

Larson, N., Chen, Y., Wall, M., , ., Goldschmit, A. B., &
Neumark-Sztainer, D. (2018). al, behavioral, and environmental
predictors of healthy weight maMtenance during the transition to
adulthood. Preventive m 113, 80-90.

Lewitt A., Brzgczek K., A. 2006. Interwencje zywieniowe w
leczeniu anoreksji —\wskag2owki dietetyczne. Endokrynologia, Otytosé i
Zaburzenia Pr terii, 4 (3): 128-136.

Manios, Y., Andr 0s,70., Katsarou, C., Vampouli, E. A., Kulaga, Z.,
Gurzko , Moreno, L. A. (2018). Prevalence and sociodemo-

graphx es of overweight and obesity in a large Pan-European

cahor reschool children and their families. The ToyBox-study.

nges in the

iél J. 2009. Topic of professional interest: What Is Pregorexia?, 109:
4-977.
Mehler M. F. 2008. Epigenetic Principles and Mechanisms Underlying
® Nervous. System Functions in Health and Disease. Prog Neurobiol.
A 86(4): 305-341.

Meczekalski B., Czyzyk A., Warenik-Szymankiewicz A. 2008. Rola genow
w powstawaniu otylosci. Wspolczesne poglady, patogeneza, aspekty



122 Paulina Pruszkowska-Przybylska

kliniczne [The role of genes in the formation of obesity. Contemporary
views, pathogenesis, clinical aspects]. Endokrynologia, Otylos¢ i
Zaburzenia Przemiany Materii [Endocrinology, Obesity and Metabolic
Disorders], 5 (1): 27-37.

Monteleone P., Filippo C. B. M., Gazzerro P., Canestrelli B., Monteleone
F., Proto M. C., Di Genio M., Grimaldi C., Maj M. 2009. Brain a
Behavior, Association of CNR1 and FAAH endocannabinaid e
polymorphisms with anorexia nervosa and bulimia nervosa: ev&
for synergistic effects. Genes, 8: 728-732.

Myszkowska-Ryciak J., Lesniak W., Harton A., Gajews L@Bawa S.
2012. Poziom wiedzy na temat specyficznych zabf %’Vl&ﬂia w
wybranych grupach populacyjnych [The level X dge about
specific eating disorders in selected populati romatologia i
Chemia Toksykologiczna [Bromatology a ogical Chemistry],
XLV (3):827-832.

Osiecka Chojnacka J. 2012.
spoteczno-gospodarcze [Infos s@ sconomic issues], 3 (117): 1-4.

Papas M. A., Alberg A. J., Ewing R., Isouer K. J., Gary T. L., Klassen
A. C. 2007. The Built ment and Obesity. Epidemiol Rev, 29:

ic. Infos zagadnienia

129-143.
Poptawska H., Dmitruk@%ub W., Wilczewski A. 2011. Niedowaga i
0 izyczna dziewczat ze wschodniej Polski
overweight and physical fitness of girls from eastern
ubliczne [Public health], 121 (1): 22-26.

nadwaga a s
[Underweight
Polagd]. @3
Pruszkowska-F pylska, P., Nieczuja-Dwojacka, J., & Zadzinska, E.
( SXplementation of vitamin D after birth affects body size and
indPolish children during the first 3.5 years of life-an analysis based
onytwo cohorts measured in the years 1993-1997 and 2004-2008.
thropol. Anz. 74(5): 413-421

Pruszkowska-Przybylska, P., Sitek, A., Rosset, I., Sobalska-Kwapis, M.,
: Stomka, M., Strapagiel, D., & Zadzinska, E. 2018. Association of the

2D: 4D digit ratio with body composition among the Polish children
Q aged 6-13 years. Early human development, 124: 26-32.



Environmental and Genetic Factors Affecting Body Mass ... 123

Rosset I., Roslak M., Grabowska J., Borowska-Struginska B., Lorkiewicz
W., Sitek A., Stolarczyk H., Smiszkiewicz-Skwarska A., Zadzinska E.
2009. Stan rozwoju fizycznego dzieci i mtodziezy miasta Lodzi [w:]
Zadzinska E. (red.) 2004. Dziecko Lodzkie. [Normy rozwoju
biologicznego. [The state of physical development of children and youth
of the city of Lodz [in:] Zgdziriska E. (ed.) 2004. Baby Lodz. Standar:
for biological development] Wyd. UL, L.6dz. TS

Silventoinen, K., Rokholm, B., Kaprio, J., & Sgrensen, T. I. (201(&C
genetic and environmental influences on childhood obesity®Ra8ys
review of twin and adoption studies. International jougaal besity,
34(1), 29. *

Sikorska-Wisniewska G. 2007. Nadwaga i otylo$¢ N todziezy,
Zywno$¢, Nauka [Overweight and obesity4i nd adolescents,
Food, Science]. Technologia Jakos¢ [TechRo ality], 6 (55): 71 —

80.
Sitek, A., Rosset, I., Strapagiel, D

S ., Ostrowska-Nawarycz,
L., & Zadzinska, E. (2014). A ation of FTO gene with obesity in
Polish schoolchildren. AnthropologigAl review, 77(1), 33-44.

Suisman J. L., Shannon M. or, Sperry S., Thompson J. K., Keel P.

K., Burt S. A., Ne ., Boker S., Klump C. S. K. L. 2012.
International Journ@\tmg Disorders. Genetic and environmental
eaifternalization, 45 (8): 942-948.

Staron K., Maruszytiski K., Maj J., Basatyga Z. 2005. Otytos¢ - niezdrowy
styl,éyc@w eka [Obesity - an unhealthy lifestyle]. Annales
Unive\ ariae Curie- Sktodowska Lublin-Polonia, LX(XVI):
244-24

eleckizW., Cybulski M., Strzelecka M., Dolczewska-Samela A. 2007.
Zmiana wizerunku medialnego kobiety a zaburzenia odzywiania we

polczesnym $wiecie [Changing the media image of a woman and

eating disorders in the modern world]. Nowiny Lekarskie [Medical
: News], 76 (2): 173-181.

Szklarska A., Lipowicz A. 2012. BMI, hypertension and low bone mineral
density in adult men and women. HOMO - Journal of Comparative
Human Biology, 63: 282— 291.



RX4

124 Paulina Pruszkowska-Przybylska

Tsigos C., Hainer V., Basdevant A., Finer N., Fried M., Mathus-Vliegen E.,
Micic D., Maislos M., Roman G., Schutz Y., Toplak H, Zahorska-
Markiewicz B. 2009. Postgpowanie w otytosci dorostych: europejskie
wytyczne dla praktyki klinicznej. Endokrynologia, Otytosé i Zaburzenia
Przemiany Materii [Management of adult obesity: European guidelines
for clinical practice. Endocrinology, Obesity and Metabolic Disorder
5 (3): 87-98. ¢

Ulijaszek, S. J., & Koziel, S. 2007. Nutrition transition and dietar %
availability in Eastern Europe after the collapse of ism.
Economics & Human Biology, 5(3): 359-369.

Vaag A, Grunnet L. G., Arora G. P., Brons C. 2012 The thei henotype
hypothesis revisited. Diabetologia, 55 (8): 2085- &

Wahlén, K., Sjolin, E., & Hoffstedt, J. (2008). The #6fg 9939609 gene
variant of the fat mass-and obesity-associ TO is related to fat
cell lipolysis. Journal of lipid research¢49( 07-611.

Walentukiewicz A., Lysak. A, Wi 2 warunkowania zdrowia
gdanskich 18-latek — zachowa rowotne [Health determinants of
Gdansk 18-year-old - Keep Health]\Problemy Higieny i Epidemiologii
[Problems of Hygiene an emiology], 92(3): 482-485.

Wells J. C. K. 2007. Th notype as an adaptive Materna effect.
Biol. Rev. Camb. Philos. Soc. 82: 143-172

Wells J. C. K. y composition in infants: evidence for
ogramming and techniques for measurement. Rev.
abgDiSord. 13: 93-101.
World He ganization. 2000. Obesity: Preventing and Managing the
tdemic. Report of a WHO Consultation. World Health
tion, Geneva.
ra K., Szalecki M., Nogal P., Ustrzycki J., Oswigcimska J., Rojewska K.,
asz W., Gorczyca P., Lewinski A., Dyduch A. 2008, Uwarunkowania
socjockonomiczne  jadtowstretu  psychicznego [Socioeconomic
conditions of anorexia nervosal. Przeglqd Pediatryczny [Pediatric
Review], 38 (1): 33-39.
Zadzinska E., Rosset 1., Koziet S., Nawarycz T., Borowska-Struginska B.,
Lorkiewicza W., Ostrowska-Nawarycz L., Sitek A. 2012. Frequency of




Environmental and Genetic Factors Affecting Body Mass ... 125

under- and overweight among children and adolescents during the
economic transition in Poland. HOMO - Journal of Comparative Human
Biology, 63: 216-232.

Zadzinska, E., & Rosset, 1. 2013. Pre-natal and perinatal factors affecting
body mass index in pre-pubertal Polish children. Annals of human
biology, 40(6): 477-484.

\00’






In: Contemporary Issues in Childhood ... ISBN: 978-1-53617-348-2
Editors: J. Ratan Ghosh and K. Bose ©2020 Nova Science Publishers, Inc. c) .

O

Chapter 7 TS Q

CHILDHOOD OBESITY IN KOLK DIA
TRENDS AND CONS

Susmita Bharatit, Man , Aditi Bardhan?,

Priyanka Dhara* and Pemananda Bharati®”
Sociological Research Uni ian Statistical Institute, Kolkata, India
2Economic Research Unit Statistical Institute, Kolkata, India
®Biological Ant nit, Indian Statistical Institute,

olkata, India

“Department of Anthropology,
Visy, i University, Bolpur, Birbhum, WB, India
*

0\ ABSTRACT

The paper portrays the prevalence of overweight and obesity among
6-10) year children in India and investigates the probable risk factors of
childhood obesity. A sample of 5216 children from classes I to IV has been
randomly drawn from 20 different public and private schools in Kolkata,
India. For further in-depth study, a random subset of 1682 children, has
been selected to find out the probable risk factors of childhood obesity.
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Age and sex specific overweight and obesity are defined as BMI
values above 85™ and 95™ percentiles respectively (WHO, 2006). To see
the relationships of obesity with different factors, chi-square tests,
ANOVA and categorical logistic regression have been carried out.

The study reveals that the prevalence of overweight or obese children
are 32.4 percent. The children of private schools are more obese than public
schools. Different factors like durations of television watching, indoor and

out-door games, consumption of junk food items, inheritance pattern and
morbidity are the risk factors for childhood obesity. TS Q

INTRODUCTION Q

Obesity is one of the major determinants of mo% ortality in
many areas of the world. It causes diseases like i s, hypertension
and cardiovascular diseases. According to alth Organization
(WHO, 2000), obesity is the cluster of non.co cable diseases called

en us socio-economic and

“new economic syndrome” creati &

public health burden in poor countrigsgObesity has doubled over the past

few decades, with 15 percent of childremyoverweight and 25 percent at risk

of overweight (Patrick et al. According to International Obesity Task

Force (IOTF), among 2@ children, approximately 10 percent

children are obese glo@vough it is unequally distributed with the
3

prevalence rangin 0 percent in America to less than 2 percent

in Sub-Sahara (Lobstein et al. 2004). The prevalence is 20 percent
in UK ang A 15.8 percent in Saudi Arabia, 15.6 percent in Thailand,
10 perce and 7.8 percent in Iran (Al-Nuaim et al. 1996 and Mo-
Suwanet al 3).

alence behind the childhood obesity may vary according to

ividual lifestyle and their socio-economic status. Over the past few years,

c ood obesity has increased due to changing lifestyle pattern and
purchasing junk food, increasing hours of inactivity due addiction of
television, videogames which have replaced outdoor games and other
activities (Gortmaker et al. 1996; Andersen et al. 1998; Dietz et al.
1985;Rideout et al. 2003; French et al. 2003; Avena et al. 2003). Many
researches demonstrate that childhood obesity is associated with many
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health and psychological problems like — depression, sleep disorders,
asthma, and cardiovascular complications and type 2diabetes which are
emerging in childhood and later in adult life (Flodmark et al. 2006). Patrick
and Nicklas’ (2005) review of literature investigates factors behind poor diet
and demonstrate how parental factors may impact on children obesity.

Increased duration of TV watching as one of the determinants of obesi
was first noticed by Dietz and Gortmaker (1985). TV channels arg fulllof
advertisements on foods. These foods may not have much nutritional
The children consume the advertised goods, including cerea e
salty snacks. Parental feeding style is also important (Bigely anel Fisher,
1998). Studies demonstrate that adolescents associ8t od with
pleasure, independence, convenience whereas li \ food is
considered odd (Chapman and Maclean, 1993)4Styd¥aeVvealed that place of
residence and parent education is highly with childhood
overweight and obesity (Ghosh, 2011). é
cn (4]

It is also seen that parental obesi child’s obesity because

children living with obese parents, ally with obese mother, are more
likely to be overweight or obese (Gibsep et al. 2007; Wang et al. 2002).
Children are more likely to b when both parents are obese compared

to children with only one nts being obese or no one beingobese
(Lake et al. 1997). But‘;urinac ildhood, genetic factor accounts for less
than 5 per cent for esity (Anderson et al. 2006).

According orld”Bank estimation, India is the highest-ranking
countries, of@z Id for the number of children suffering from
malnutritix ia, societies are rapidly urbanizing, and lifestyle is
changing. T. is increase in energy intake through high fat consumption.

tors result into increase of adult obesity. There is a large

arfty of intensity of obesity between rural and urban areas and more so

n rich and poor families. This results into high prevalence of obesity

among the urban rich (Shetty et al. 1999; Aggarwal et al. 2008 and Raj et al.
2007).

Ramachandran et al. (2002) found that prevalence of overweight is 22.0

percent among the students in better off schools and 4.5 percent among the
lower income schools in Chennai. Kapil et al. (2002) found prevalence of
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overweight among the students in the schools where tuition fee was more
than Rs. 2,500 per month, to be 31 per cent including 7.5 percent obese. In
Pune, prevalence of overweight children is 24.0 percent in a well-off school
and 6.0 percent in a corporation school. In Orissa, the percentage of
overweight or obese children is 28.69 percent among (5-9) year aged
children (Patnaik et al. 2010). Percentage of overweight (5.10%) w

reported to be higher among girls than boys (2.34%) in Manipur (Sigghend
Devi, 2012). Over-protein and forced feeding by parents, false tradﬂS
beliefs about health and nutrition, low knowledge about nutri n pare

and caregivers also contribute to obesity. Again, limited availabili§of open
spaces and parks due to population expansion and ill&gal %ents with
abundance of fast food outlets and eating points incr & nce of the
child becoming obese (Kar et al. 2015).

So, it is seen that apart from the socio-eco ition, there may be

other factors which influence obesity.In this c the present study is

conducted in one of the urban placesd a ata). The main objectives
of the study are (i) to see the preva of overweight and obesity among
children aged 6-10 years, (ii) to see the rélationship of obesity with economic
condition and lastly, (iii) to s far behavioral pattern like duration of

TV watching, playing i and outdoor games and habit of eating
unhealthy junk food iteris arefassociated with obesity.
’ Q

TRis SNS a part of the project which was sanctioned from Planned

B dian Statistical Institute during 2013-2015. This is a micro level
0ss-gection study using stratified sampling scheme. Our population ideally
consists of (6-10) year old children in Kolkata Corporation and its peripheral
areas. Due to obvious difficulty of identifying the children of proper age-
group, we have restricted our study to only school-going children, studying
at class | to IV. Total 20 schools are selected randomly for our study. The
total study was divided into two phases. All the students of selected schools
were included in the first phase of study. Approximately 30 percent of the

METHODOLOGY
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total children, who were selected in the 1st phase, were considered for
detailed study in the second phase.

Due to differentiation of socio-economic background, type of school has
been considered as one of the criteria. The reason is that the upper class or
more economically affluent people try to admit their children in private
school than in public schools. We have restricted our study only to two typ
of schools — (i) Private and (ii) Public schools. The total number of ghildfen
in the sample was 5216, of which 2738 were girls and 2478 were
Anthropometric measurements such as height and weight we r

all the students of the selected schools following stan niques
(Weiner and Lourei, 1981). Body mass index (BMI) wd8 a% by using
the formula —-Weight (Kg)/Height (mts.)2. So, BMI fo N to classify

jke™mpdeweight, normal,

each child into different nutritional status
overweight and obese for each age and gender
below 5™ percentile
w 85" percentile for the

points as per CDC (Center for Disease Control)
is considered as underweight, 5th pg
age and sex is normal, 85" to below
percentile and above is obese (WHO,
In the 2" phase, in eac ol, all the children (class 1- V) were
divided into two groups ngito health status namely ‘overweight or
obese’ and ‘non—overw@rom each school, 40 to 50 from ‘obese or
overweight’ and m ‘non-overweight’ group were selected
randomly for detailegd survey. The total sample size in this phase was 1682.
Information s@h le day activities of the last seven days on duration of
TV Watch\'l spent for indoor, out-door games and consumption of
junk f@o aken.The dietary factors that were examined consisted of
ons iof of fast food, sugary beverages, snack foods though it depends
amount of consumption.

e average duration of one day was calculated from the seven days of
these activities. Besides this, information was also taken about the parent’s
nutritional status and morbidity status of children on non-communicable
diseases like thyroid, diabetes or respiratory trouble etc., during the last

fifteen days prior to data collection. This was collected based on re-call
method from the students or from their respective parents.

[¢]
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Data collection was carried out from September 2013 to October 2014
by a team of trained researchers, which was supported by Indian Statistical
Institute. The date of birth of each pupil was taken from the school records
and cross checked from their respective parents or guardian. Contact
numbers of their parents were collected from the students or from school
records or diaries. Other queries, if any, were taken from the guardians
the children directly or through phone.

Descriptive analysis was done for health and nutritional sta \
children along with some behavioral pattern like duration of
time spent for indoor and out-door games, consumption of | out
parent’s nutritional statusand children’s morbidity st tlﬁ rcentage
variation andmean BMI. For multivariate table analysi uare tests
were done. Categorical Logistic regressions we t for nutritional
status of children ontype of school and some al pattern to identify
the significant factors associated with Qver and obesity. Here,
dependent variable was binary wi bW or obese children given
value 1 and others 0. Behavioral patte ith different categories were taken
as independent variables. The statistical, package for the social sciences
(SPSS, version 18.0) was us@all the analysis. Significance levels of

r

p<.01;0.05and 0.1 were@
@Q RESULTS
i

x ing descriptive statistics like percentages, means in the
multivariate tables, the paper carries out logistic regression to
ossible risk factors of overweight and obesity among 6 to 10-
ar children in Kolkata.

ables 1 & 2 represent the nutritional status of (6-10) year children
through body mass index. Here it is seen from the table that out of total 5216
children, 47.50 percent were boys and 52.50 percent were girls. Among the
total number of 5216 children, 14.5 percent children were underweight, 53.1
percent were normal, 10.2 percent were overweight, 22.2 percent were

*




Childhood Obesity in Kolkata, India 133

obese, and 32.4 percent were overweight (ov) or obese. It is also noticeable
that obesity was more among boys than girls.

Table 1. Percentage distribution of nutritional status (BMI forage)
of (6-10) year old children in Kolkata

Age (years) | UW Normal | Overweight | Obese | Overweight &
Obese "V
6 14.0 55.8 9.1 231 322 3
(1090
514

7 151 533 |94 222 |3L6
¢ (100.0)
8 132 535 | 1L.0 1442
(100.0)
9 144 516 | 113 970
(100.0)
10 212 519|108 260
(100.0)
6-10 145 531 |10, 222 | 324 5216
(100.0)

Type of school was con@s one of the layers for stratification of
socio-economy. Table 0 nutritional status among the (6-10) year
children in public s i Ikata. It is seen that in Public school, out of
total 3758 child ercent were underweight, 55.3 percent were

normal, &0.2 tWere overweight, 19.7 percent were obese, and 29.8
percent w ight or obese.
4

T sents the same for private schools in Kolkata. In private

olSy it iS seen that out of 1478 children, 13.5 percent children were
ight, 47.5 percent were normal, 10.4 percent were overweight, 28.6

P were obese and total 39.0 percent children were overweight or obese.

O
OA




Table 2. Percentage distribution of nutritional status (BMI fo#

of (6-10) year old children in Kolkata by sex

&

Age Boys Girls
(years) | N UW | Normal |Overweight |Obese | Overweight |N Underweigh® Overweight | Obese | Overweight
& Obese & obese

6 576 10.8 | 52.4 10.9 259 |36.8 454 18.1 6.8 19.6 [26.4
(100.0) (100.0)

7 716 12.4 | 50.6 8.4 28.6 37.0 798 174 . 55.8 104 16.4 26.8
(100.0) (100.0)

8 655 111527 9.5 267 [36.2 g V@ 54.1 12.2 188 [310
(100.0)

9 414 12.1 (49.8 8.5 29.7 382 16.2 53.1 135 173 |30.8
(100.0)

10 117 17.1|50.4 12.0 20.5 325 245 53.1 9.8 12.6 224
(100.0) (100.0)

6-10 | 2478 119 (514 94 273 |36.7 2738 16.9 54.6 10.9 176 |285
(100.0)
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Table 3. Percentage distribution of nutritional status (BMI for age)
of (6-10) year old children in public schools in Kolkata

Age (years) |N UW | Normal |Overweight Obese | Overweight & Obese

6 779 136 |56.5 8.7 21.2 29.9
(100.0)

7 1141 14.3 |55.7 9.7 20.2 30.0
(100.0)

8 1079 15.0 |54.9 11.2 18.9 30.1
(100.0)

9 621 159 |53.6 113 19.2 30.4
(100.0)

10 118 229 |55.1 8.5 13.6 ‘2.0
(100.0)

6-10 3758 149 |553 10.2 19.7
(100.0)

Table 4. Percentage distribution of nutriti
of (6-10) year old children i iv

us (BMI for age)
ols in Kolkata

Age (years) |N UW | Normal ight Obese | Overweight & Obese

6 251 151 |454 29.1 39.4
(100.0)

7 373 17.4 28.2 36.7
(100.0)

8 363 10.2 32.8 43.0
(100.0)

9 115 28.7 40.1

10 @] . . 127 183 (310

0

6-10 135 |475 104 28.6 39.0

0.0)

Table 5 describes the differences of obesity between public and private
2 schools in Kolkata. It is seen that obesity was unanimously higher in private

schools than public schools among (6-10) year children. The magnitudes of

differences between boys and girls show that it was the highest among the
boys and the lowest among the girls.



Table 5. Percentagedifferences of obesities between two types of school of (6-10) yéa @eh Kolkata

Age | Total Boys
Public |Private |Differences | % of Public |Private |Differences | % of Differences | % of
school |school | (y-X) differences |[school |school | (y-X) differ@ces (y-x) differences
(x) v) (y-x)/x *100 | (x) v) (y-xix * (y-x)/x *100
6 29.9 394 9.5 31.77 35.2 41.2 13.1 55.51
7 30.0 36.7 6.7 22.33 33.8 46.0 05 1.87
8 30.1 43.0 12.9 42.85 30.1 50.0 4.3 14.28
9 30.4 40.1 9.7 31.90 31.1 46.2 2.3 7.61
10 22.0 31.0 9.0 40.90 11.8 41.0 -9.3 -35.41
6-10 |29.8 39.0 9.2 30.87 32.3 45.6 2.9 10.43
*
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Table 6. Relationship between different independent variables
with normal, overweight or obese children of total and by gender
differences in Kolkata

Name of |Total Boys Girls
the N Others|OV &|Chi- [N |Others|OV &|Chi- |N |Others|OV &|Chi-
variables obese |square obese |square obese |squ
Type of 3.843 4.062 ¢ |0.
school df=1 df=1 =
Public 1303 |54.3 |45.7 |0.050 (573 (555 |44.5 |0.044 |730 [53.34 |4
Private 379 (485 515 302 (483 |51.7 77 |49.4 .6
Daily Av. Durationof TV watching
No 150 |60.0 |40.0 |10.282 (63 |63.5 |36.5 |9.514 5 5 13.333
<1-<3 1146 |54.2 |45.8 |df=3 (606 |54.8 [45.2 |df =3"a4 5 5 |df=3
3-<4 190 [47.4 |[52.6 |0.016 |111 (432 |56.8 |0.023 53" 46.8 |0.343
4 & above |189 |455 [54.5 91 |46.2 |53.8 9 |[55.1
Daily Av. duration on Spending on indoor games
0 432 [55.1 |449 |1509 (282 [57.1 |42.9 3 0 (51.3 |48.7 [1.031
>0-<2 1159 |52.2 |47.8 |df=2 (556 |5 4 df 603 [52.7 [47.3 |df=2
2ormore (91 (527 [47.3 |0.589 |37 2 6.8 4 |54 [59.3 [40.7 |0.597
Daily Av. duration on Spending on outdoor gam
0 638 |46.1 |[53.9 |19.812 |279 |47. 53.0 |6.070 |359 |45.4 |54.6 |16.352
>0-<2 967 [57.0 [43.0 |df=2 5 (55.9 V[44.1 |df=2 (432 (58.3 [41.7 |df=2
2ormore |77 [59.7 [40.3 [0.00 5.7 |44.3 ]0.048 |16 [75.0 [25.0 |0.000
Daily having av. junk food items
No 68 [47.1 |52.9 423 |57.7 |5.155 |42 |[50.0 |50.0 |2.544
Average 1455 |54.2 729 (54.7 (453 |df=2 |726 |53.7 (463 |df=2
(1-6 items) 0.076 0.280
Heavy (7-8 120 |45.0 |55.0 39 |41.0 |59.0
items)
Whether
43.4 (18.154 |582 [56.9 |43.1 [10.312 |560 |56.2 [43.8 |7.887
545 |df=1 |293 |45.4 |54.6 |df=1 |246|455 |545 |df=1

0.000 0.001 0.005

442 |14.239 (608 55.8 |44.2 |6.468 (578 |55.9 |44.1 |7.900
544 |df=1 [263 |46.4 |53.6 |df=1 [219 |44.7 |55.3 |df=1

0.000 0.011 0.005
Whether Parents’ are obese
! No 1480 |54.9 [45.1 [22.249 |769 |55.1 [44.9 |12.860 |711 |54.7 |45.3 |9.431

Yes 188 |36.7 |[63.3 |df=1 |102|36.3 |63.7 |df=1 (86 [37.2 |62.8 |df=1
0.000 0.000 0.002
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Table 6. (Continued)

Name of |Total Boys Girls

the N Others|OV &|Chi- |N [Others|OV &|Chi- [N [Others|OV &|Chi-
variables obese [square obese |square obese |square
Morbidity

No diseases|1514 |53.7 46.3 |7.147 |809 |53.2 46.8 |(3.417 |705 |54.3 45.7 |5.263
Thyroid or |19 26.3 737 |df=2 |9 22.2 77.8 |df=2 |10 [30.0
Diabetes 0.025 0.181
Respiratory (143 |47.6 52.4 53 |[52.8 47.2 90 (444
or others

Table 6 summarizes the level of association betwee ght or
obesity of children with type of school and some alepétterns like
duration of TV watching, indoor and outdoax g redity and non-
communicable morbidity among total children a er differences. It
is seen that children of private school were_ mo than public school.
It is also seen that obesity has di I with duration of TV
watching, heavy amount of junk fo (at least more than seven items),
mother’s and father’s individual obeSity as well as parental obesity and
suffering from diseases by id or diabetes. All these results were
statistically significance at 1 ellof significant. Outdoor games had only
negative effect on obesity an as also statistically significant at 1% or
5% level of signifi

Table 7 is shoWang theassociation of (6-10) year children’s obesity with
different’in variables through categorical logistic regression
analysis. efnuteitional status was the dependent variable which was
regres n different independent variables. Analysis revealed that children
ri sghool students were always more overweight or obese than those
ic school and the result were statistically significant at 5% level of
Si ance among all children and among boys. Duration of TV watching
above 3 or more hours, having junk food items above 7 per week, individual
parental obesity and victims of thyroid or diabetes had significant impact on
increasing obesity among total children and among boys. In case of girls,
only parent’s individual obesity and thyroid or diabetes sufferers had
significant impact on increasing obesity. It is also seen that duration of
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outdoor games was significantly negatively related to obesity among the
children as well as separately among boys and girls.

Table 7. Results of categorical logistic regressions of obesity
with different socio-economic variables among
(6-10) year old children in Kolkata

Name of the variables | Total | Boys

Type of school

Public® 1.00 1.00

Private 1.729* 1.359*

Daily Average durationof TV watching

No® 1.00

<1-<3 1.170

3-<4 1.492* 1.089

4 & above 1.626* 1.491

Daily Average duration on Spending on indoor games (hrs.)

0.0® 1.00 .00 1.00

>0.0-<2.0 1.0 0.805

2.0 or more 0.9 0.676

Daily Average duration on spending on outdoor gal

0.0® 1.00

>0.0-<2.0 0.715* 0.586**

2.0 or more 0.623 0.264*

Daily having of average junk fa

Average (1-6 items) ® 1.00 1.00

No junk food 1.203 1.168

Heavy (7-8 items) 1.537* 1.610
1.00 1.00 1.00
1.405** 1.408* 1.427*
1.00 1.00 1.00
1.350* 1.278 1.502*

\ 1.00 1.00 1.00

Yes 1.226 1.260 1.048

Morbidity

No diseases® 1.00 1.00 1.00

Thyroid or Diabetes 3.895* 5.158* 3.041

Respiratory or others 1.330 1.073 1.526*

*® = Reference category; ** p < 0.01; *p < 0.05.
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4
DiscussioN AND CONCLUSION Q

India is a fast-growing economy, currently undergoing major \Q
epidemiological, nutritional and demographic transitions. These transitions
tend to promote obesity in all age groups. Here, the aim of the study was to

estimate the prevalence of overweight or obesity among 6 to 10 ye

children in Kolkata and to see the various associative contributing fdet n

obesity like socio-economic group, lifestyle, diet and family hist

children. The study was done among 5216 children from 20 di t schools

in greater Kolkata. Among them, 52.5 percent (2738) werg#girls‘and 47.5

percent (2478) were boys. Also, 14.5 percent childgen rweight,

53.1 percent were normal, 10.2 percent were overwt% percent were

obese, and 32.4 percent were overweight (ov) e @ is also seen that

36.7 percent boys and 28.5 percent girls were @yereight or obese. So, it is

obvious that obesity was more among % girls. To assess in an

indirect way to find out the relati be n obesity with different

socio-economy, firstly, the students ¥'selected from two types of schools

like public and private schools. The reasen is that the upper class or more

economically affluent peopl@admit their child or children in private

schools than public schogls: en that in public schools, 29.8 percent
children were overweight & Jobese and in private schools, 39.0 percent

children were ovegWeight or obese.
Besides @E nomy, we have considered other factors which
i

\

influenc@obe ctly or indirectly. Among these, TV watching was
x of the most important target factors. We wanted to see
watching influences the increaseof obesity among

use in the 21% century, good friends or bad friends have been
at home by media like Television, mobile etc. It is also seen from
0 udy that only 9 percent students were not watching TV. About 68

percent to 69 percent children were watching TV one hour to less than three

hours.It is seen that duration of TV watching was directly related with

obesity and the result is statistically significant at 1% level of significance.

Sports and exercises have been replaced by the habit of TV watching is
reducing metabolism. Besides TV watching, it is seen that duration of indoor
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games were directly related with the obesity and outdoor games was
negatively related with obesity because those children who played daily on
the average less than twohours in a week are more obese than who played
more than twohours. These studies were consistent with previous studies in
different countries (Hernaandez et al. 1999; Ross et al. 1998; Tremblay et
al. 2003 and Prentice et al. 1995).

Let us now focus our attention to the consumption of junk f‘OdQ b
C

chocolate. It is seen that junk food items andchocolates had direct iN
on obesity because the children who consumed daily more th 1tems
the average are more obese than the other group. Generally, Junk food
(bakery items, pizza, burger, cheese, butter, oily iterfs e) intake
tended to be more common among overweight an N dren than
normal children (Klesges et al. 1995; Wolfe et is food items
had more fat than protein and carbohydrate and,fa d more efficiently
than carbohydrates or proteins which finallyresults in*obesity or overweight
(Birch et al. 1998; Rolls et al. 1994; I 1993 and Poppitt, 1995).
Obesity may also be hereditary bec is seen from our study that lowest
percentage of overweightor obese chil were found among the non-obese
parents and the highest perce ere found among the obese parents.

Obesity among (6-10 hildren is increasing in an alarming rate in
Kolkata. In general, 32.4\percént of (6-10) year children fall in the category
of overweight or o dy also confirms that the children of private
schools were sign more obese compared to public schools which
indirectly, ref@e 0cio-economic conditions that affects the children’s
health stal es, it is seen that duration of Television watching,
duratigh of oor playing; habits of junk food item which were very much
espon or increasing the obesity. It is also seen that certain non-

municable diseases like diabetes or thyroid were more prevalent among
t ese children than normal children. And those children having family
history of obesity were more likely to become obese or overweightand had
a high chance of suffering from thyroid or diabetes.

So, in conclusion, it can be said that the rising rate of childhood obesity
is one of the most significant problems that we are facing in our society. The
children are becoming more attracted to TV watching and indoor games
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which are associated with least physical exercise. So, intervention of
activitiesmust be conducted in the community and as well as in school
premisesfor preventing overweight or obesity. Moreover, parents must be
aware and taking some effective actionsat an early stage of life of their
childrenat home.
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Qltional status is a strong indicator that can be used to show the
level of social and economic development of a country. Several classical
ies by Martorell (1986) and Tanner et al., (1982) conducted in various
countries have shown that there are differences in average height and
growth rates that differ between children from poor families compared to
children from rich families in the same nation. If the difference in growth
of rich family children is caused by genetic factors is 2-3 cm, the difference
caused by the economic unequal gap in the same nation is around 10-12
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cm. In studies comparing the growth rates of various nations, it was found
that children from rich families in nations in Latin America, Africa, and
India, had growth rates that were not different from those of European
families. Whereas in Asian children, genetic differences still play an
important role, Asian children experience better growth in line with secular
trends but their optimal growth potential is still lower than the average
growth. This difference is more evident after children reach puberty.
Mortorell (1986) and Tanner (1982) has become the basis of various
studies that prove the relationship between height and economic status.

report from Ghana by Hong (2007) shows that children at the Iow\

0

socioeconomic status of 20% in their community have a double
suffering stunting from the richest 20% in the same area and this
not controlled by age, gender, order of children in the familymle
breastfeeding, birth weight, age at delivery, body masspind

access to clean water, toilet washing facilities, reside ge hical
area. Furthermore, a study in Angola (Kennedy et al., )Shows that at
the same economic level there was no diffe revalence of

stunting both in rural and urban areas.
Stunting during the early period of life is c

ause the first few
an development. The
period (Mendez and

ical®

on children aged 5-7
development between
in Vietnam rep

ound significant differences in cognitive
children and non-stunted children. A study
ease by a standard deviation in height for age

Z score (HAZ s to%an increase by one fourth of a standard deviation
of the lo ofylanguage ability (Le Thuc Duc, 2009). These were
prevﬁ | fifmed by other studies (Mendez M. A. and Adair L. S,
1999. .etal., 2005; Grantham McGregor et al., 2007, Grantham
M , &, 2007).

syghosocial stimulation in early childhood had significant benefits in
improvement of stunted children’s psychological development. Stunted
children who received stimulation had levels of anxiety, depressive
drome, and self esteem similar to those of the nonstunted children
(Walker S. P. et al., 2006). Maternal role is the key in providing
psychosocial stimulation. Improvement of maternal education will
increase the possibility of catch-up growth and levels of cognition in later
adolescence (Crookston et al., 2010).
This paper describes a study conducted in West Sumatra, Indonesia.
The study was done to determine the relationship between socio-economic
statuses and nutritional status.
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L 4
METHODS
The study was conducted in two sub-districts in Padang, capital city of \Q
West Sumatra Province in Indonesia. The population was new children :

enrolled in primary schools. The sample was first grade children and as
many as 124 people in selected elementary schools, which was selec
through a multistage random sampling. Subdistricts were divided into ufgan
and suburban. Of the 5 sub-districts in the urban setting, North N
Utara was chosen. Of the 6 suburban settings, Pauh was sen. 0
elementary schools in Padang Utara were selected and t entary
schools in Pauh were selected for this study. All fir ’r e and their
mothers from selected schools were included in tt&ml exclusive
criterias: twins, having physical disabilities, li ethe research area,
absent during the study and mothers who are fgt to be interviewed
and who are not found at the time of da c@
All children recieved anthrop m

height assessments. Mothers were fat€rviewed to assess socioeconomic
status, family characteristics, and accesSibility level of health services and
sanitation facilities. Height sured by using microtoise that has an

accuracy up to 0.1 cm.
Data was analysedQusing) SPSS 20.0. To find out the relationship
S

between socio-ec us and nutritional status, chi -square test was
used with sigpidi level of p value <0.05. Pair t test and Pearson
correlatién used.

C) RESULTS

A total of 153 subjects were eligible in the study but only 80% of all first
@grade students were included in this study due to absence, living outside the

study area, and mothers were not found during home visits.

rements for weight and
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Characteristics of the Subjects

First grade students in urban areas were relatively younger than first
class students in the suburban, with significant differences. The average age
of children in both locations is 6.8 years. Mother’s age in the urban and in
the suburban was similar which was around 51-54% less or equal to 35 yea
Mothers in urban areas had higher education; 86% finished highy sch@ol
education or higher. Only 24% of mothers in the suburban area did the

Socioeconomic status was measured by using total ex it r
capita per month, amount of food expenditure per capita th, and
percentage of expenditure per capita for food every it age total
expenditure per capita was higher in urban areas corri”%\ e suburban
areas. The average expenditure for food in the W imes higher than
the average amount in the suburban. The percenta % ood expenditure in
urban areas ranges from 22-27% of tot e@e hile in the suburban

was even higher, between 37-87%.

Nutritional Status @

The average height @ren in urban areas was higher than children
in the suburban. Bgys n areas are 3 cm taller than boys in suburban,

as shownin T
Thesang s” height in urban areas was 109.1-129.5 cm and in the

suburb 3-118.4 cm. The range of height of first grade girls in

an(girls 108.7-126.2 cm and in the suburban was 104.0-126.0 cm.

h ical test results of the differences between these two groups were
ry significant (p = 0.000025).

e tallest children from the high expenditure group was 10.1 cm taller
than children from lower expenditure in urban area, whereas in suburban,
the difference was 6.1 cm. Children from families with low food expenditure
in urban areas are 4.1 cm taller than their peers in the same group in the
suburban, while children with high expenditures in urban were 2.9 cm taller
with their peers in the suburban.
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Table 1. Differences of nutritional status and height based on gender
and expenditure between urban and suburban

151

Characteristics Urban Suburban p
Height: Boys 1159+4.3 1128+ 4.6 <0.01
Girls 116.8 £ 3.7 1116+4.3 <0.0001

High total expend 116.4 +4.10 116.1 (= 3.21) <(%05
Low total expend 112.0£5.72) 112.4 (£ 3.79)

p <0.001 p <0.001
High food expend 116.5+4.23 113.6 £ 3.53
Low food expend 116.0 £ 4.14 1119+ 5@9

p <0.05 p<0.0
Stunting 7 (10.0%) 28 (51.99 <0.0001
Normal 63 (90.0%) 2

Pearson correlation tests were als o@ various indicators of
socio-economic status with nutritio S. ound that there was close
relationship between economic stat d height. Total expenditure, food
expenditure, and percentage of food ‘€xpenditure had a positive linear

relationship with height of th en.
Q:DISCUSSION
Totd? ithre is a proxy for family socio-economic indicators. In
this st t enditure per capita per month, total food expenditure and,
entage Of food expenditure is significantly lower in suburban families.

eneral description of the situation in developing countries. In
enkaiah et al., (2002) reported that 37% of the population in rural

areas had poor economic status.

® This study reported height differences of children according to gender
and location. Boys in urban areas were 3 cm higher compared those in
suburban areas while in girls the differences was 5 cm. Girls in urban areas

Q were taller than boys, however, boys were taller than girls in suburban areas.
Ulukanligil et al., (2004) found also that boys in school children in urban
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areas in Turkey are smaller than girls. Moreover, we found that the tallest
boy in urban areas was 11 cm higher than the shortest boy in the suburban
area, while the tallest girl in the suburban area was 4 cm shorter than the
shortest girl in urban areas. The result of this study was similar with the
findings of Hakeem (2001) that showed the better the economic status, the
fewer children in the short category. Jalal and Soekirman (1990) conclud
that the difference in the growth of children from rich families compareglto
poor families in the same nation was 10-12 cm.

This study found that the prevalence of stunting in childre
areas was 51.9%, compared to 10% in urban areas. Minis% alth of

Indonesia, which conducted periodic Basic Health Surveys, d that the
prevalence of stunting in Indonesia was 36.8%, 35.6 2% between
2007, 2010 and 2013. Ministry of Health of iavalso reported the
prevalence of stunting children from familie%le 1-2 was 41.2%
compared to only 27.8% in children fromggui 5. The result of this
study found that there was a si nce in the relationship
between total food expenditure an entage of food expenditure with
height of the children.

Several determinants, s distribution of income and nutritional
status during infancy, are d 10 affect the height of children after they
reach pre-adolescence ( and Frakenberg, 2002). Stunting is related
with duration of provement in body height, and prolongs the
number of ¢ as d which means higher levels of education
(Aldermaﬁ e . Research in Turkey, Ghana and, Bangladesh also
consistent a close relationship between the socio-economic level
and st tin ran et al., 2007; Wamani et al., 2006; Pryer et al., 2003). A

d xico by Fernald and Neufeld (2007) showed a relationship

e@h stunting and obesity in children from low socioeconomic levels,

s with low and short education, numbers of children, and low city
mastery. Furthermore, the study by Ulukanligil et al., (2004), which
examined differences in height of children living in slums and children
living in apartments in urban areas in Turkey, showed that the prevalence of
stunting in children living in slums was higher than children living in
apartments. However, studies in Trinidad and Tobago reported that
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ethnicity, parental height, birth weight, maternal age at delivery, and number
of children in the family were associated with height, while economic status
was not related (Rona et al., 2004).

This study supported other studies in other developing countries that
shows anthropometric index as a strong indicator of growth of children. The
use of the anthropometric index as socio-economic indicator is no dou
The growth of children in achieving optimal growth potential is the gesultof
adequate nutritional needs. This situation can only be achieved if thex
economic conditions are getting better and more evenly distri .

Q&
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! Children from tribal groups are particularly under privileged. They have

higher rates of morbidity and are known to receive less than desired
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The present study was conducted with the objectives to study the
feeding practices of Tribal Children aged 6 months to 5 years and to assess
the nutritional status of these children.

A Community based cross-sectional study conducted in ITDA Paderu
division of Visakhapatnam district. Study population include tribal
children in the age group of 6 months to 5 years. A sample of 181 children
were surveyed. After taking consent, information was obtained from
mother/care taker on feeding practices according to I'YCF and IMNCI
guidelines. *

Majority (88.4%) of children received exclusive breast feeding.

26% children introduction of solid and semisolid food was delayed X
6 months. Among the children aged 6 months to 2 years,
minimum diversity in their diet, 71.2 % had minimum meal fr, n

48.5% were taking minimum acceptable diet. Among the ¢ 5
years of age, 62.6% were taking 3 meals and 2 nutriti 0 day.
Prevalence of Underweight (< -2 of WHO Z score) w as 49.2%,

stunting as 51% and wasting as 32.2%.

Feeding practices of tribal children jn @ ly infancy are
satisfactory. However in the late infancy an rygefildhood, there is
deficiency in the frequency and ade he s leading to wasting
and stunting.

Keywords: Feeding practices, I'YCF,"Wutritional status, Tribal children,

Under 5 children @
QTRODUCTION

Nutrition tds of any community is influenced by interplay of various
factors j I liefs, customs, food availability in the region. This in

luenges the physical growth and nutritional status of the whole
Varadarajan and Prasad 2009). According to the 2011 census,
eduled tribes comprise about 8.6% of total India’s population
stry of Tribal Affairs 2013). Since most of the tribal habitations are
located in isolated villages and hamlets coinciding with forest areas, there
are natural hurdles in their ability to access nutritious food and also health
care. The literacy, economic and health indicators for tribal people are
poorer than for the rest of the population which in turn influence their food
intake. Women and children from these groups are particularly under

N\

c)o
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privileged. They have higher rates of morbidity, and are known to receive
less than desired nutritional intake. According to NFHS-3, 54.5 % children
under 5 years belonging to Scheduled Tribes have been reported to be
underweight (Ministry of Women and Child development 2011).

METHODOLGY . Q

A Community based cross-sectional study was conduc
Paderu division of Visakhapatnam district with two objective§Viz.
the feeding practices of Tribal Children aged 6 m t% years and to
assess the nutritional status of these children. A % 81 children
(calculated based on prevalence as reported dy) between 6
months to 5 years was surveyed. Multistage, s random sampling
technique was applied to select 9 vi QI mandals located in 3
Community Health and Nutrition se to house survey was
conducted to interview 20 children i village. In case of less populated
villages/ small hamlets, where 20 chMeren could not be covered, the
subsequent village/hamlet wi ded. After taking consent, information
was obtained from mot er (above 15 years of age) on feeding
practices according I'YCRand IMNCI guidelines. As feeding practices differ
in children of different ups, the study population was categorized into
two groups 1) onths of age 2) 2 to 5 years of age.

Infofmat indicators such as exclusive breast feeding, continued
breast f at introduction of solid and semisolid food was obtained

allithe cHildren. Information on other I'YCF indicators such as minimum
me cy, minimum dietary diversity, and minimum acceptable diet

as obtained for children aged between 6 to 23 months. For children
b en 2 to 5 years, information on feeding as per IMNCI guidelines
(IMNCI 2009) was obtained. Anthropometric measurements such as height,
weight and mid upper arm circumference were measured for all the children.
Three standard indices of physical growth such as Weight- for-age
(underweight), Height-for-age (stunting), Weight-for-height (wasting)
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expressed in terms of WHO Z scores were used to describe the nutritional
status of children.

RESULTS

Among the study population, 47% were male and 53% WerOfeQ
children. The total number of children in 6 to 23 months were 66,
years were 115. Among all, majority (88.4%) received exclisive fgeast

feeding, 11.6% children received artificial feeding along wigfBreasgmilk in
the first 6 months of age (table 1). In 74 % of the chil Jntro@luction of
Xe. In 26% of

solid and semisolid feeding was in the 6 month

children it was delayed beyond 6 months. Table that 80 % of the
children had 4 or more (out of seven) types of ps included in their
diet as per the definition of the Minim sity'ef foods by WHO under
I'YCF guidelines however only 19.78 ildrén were consuming less than
4 varieties of food groups in their diet¥Regarding the meal frequency, 71.2
% children were consuming more than required minimum number or
frequency. Only 48.5% of were taking at least or more than
minimum acceptable digf. .3 shows that 62.6% of the children in
the age group of 2 yis.t were taking 3 meals and 2 nutritious foods
per day as per IMNCI guidelines. Majority of them (86.2%) were taking
feeds on their, % were being fed by parents or care taker. Sharing
of food % n@ame plate along with other children or parents was

0.

observedui

thfopometric Measurements
® Figure no.1 shows the height and weight distribution of the study
5 population. Mean weight of study children was at -1.99 Z score and mean

Q height was at -2.17 Z score.
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Table 1. Breast feeding and complimentary feeding practices
of tribal children

Breast feeding

Number (%) n=181

Exclusive breast feed

160(88.4)

AArtificial feed along with breast

21(11.6)

Continued breast feeding

Number (%) n=181

<1yr 34(18.7)
1-2yrs 37(20.5)
>2yrs 110(60.8)

/Age at Initiation of solid or semisolid feeds

Number (%) n=381

5 months

6 months

7 months

8 months

9 months
12 months

Table 2. I'YCF indicators in childre

etween 6 to 24 months of age

Minimum dietary diversity.

Number (%) n=66

diversity‘

Taking diet with more thafgMinimum 53 (80.3)
dietary diversity
Not taking diet wi inimum dietary 13 (19.7)

Minimum ncy

Number (%) n=66

ore than Minimum meal

47 (71.2)

g diet with minimum meal
y

19 (28.8)

Number (%) n=66

32 (48.5)

Minimum acceptable diet
Taking diet with more than minimum
! acceptable diet

Not taking diet with minimum acceptable
diet

34 (51.5)

N\
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Table 3. Feeding practices of children above 2yrs - 5yrs of age

Frequency of intake of meals Number (%) n=115
Taking 3 meals and 2 nutritious foods per (72 (62.6)

day

Not taking 3 meals and 2 nutritious foods 43 (37.4)

per day

Feeding practice Number (%) n=115
Self-feeding 99 (86.2)

feeding by care taker 16 (13.8)

Shared feeding in same plate Number (%) n=115
Yes 11 (9.2)

No 104 (90.8)

= WHO standsrds
= All children (n=121) | _]

Noxmal distribution

Children

e

re @bution of Height and Weight of Study children.

Table no. 4 shows that almost half of the children (49.2%) were
underweight i.e., weight for age less than < - 2 of WHO Z score. Among the
underweight, 32.5% were severely underweight. Except for the first 12
months, in all other age groups around half of the study children had weight
for age below -2 of WHO Z score.

The prevalence of underweight was high in 13-24 and 25-36 months of
age (59% & 55.1% respectively). As shown in the above table no 5, 59% of
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the study children were stunted i.e., they had height for age < -2 of WHO

Z score,

Among them, 64.5% had severe stunting (< -3of WHO Z score), which
was more observed in 49 - 60 months age group.

Regarding weight for height, table no. 6 shows that 22.2% the study
children had wasting i.e., their weight for height less than < -2 of WHO

score.

¢

Among them, 35% had severe wasting (<-3of WHO Z score).

i
was more prevalent in 13 - 24 months of age. Out of 181%\/\&0

children (55.24%) were with MUAC < 13.5cm.

Table 4. Prevalence of Underweight in st

Nz,

@evere
Underweight

/Age groups Total Normal n

number of (%)

children among underweight
6-12 months 33 22 (66. 5 (45.45)
13-24 months 39 16 (41) 7(30.43)
25-36 months 49 11(40.7)
37-48 months 29 14 (48.3) 1(7.14)
49-60 months 31 14 (45.2) 5 (35.71)

89 (49.2) 29 (32.58)

Stunting Severe stunting
é umber of |(%0) <-20f WHO Z lamong stunting
children score n %) <-3 of WHO Z
score n (%)
onths 33 21(62.5) 12(37.5) 7(58.33)
13-24 months (39 23 (59) 16 (41.0) 11 (68.75)
25-36 months 49 18 (38.3) 31 (61.7) 24 (77.41)
37-48 months 29 9 (31) 20 (69.0) 7(35)
49-60 months 31 3(9.7) 28 (90.3) 21 (75)
Total 181 74 (41) 107 (59.0) 69 (64.48)
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Table 6. Prevalence of wasting in study children

/Age groups Total number Normal n  Wasting Severe wasti_ng

of Children (%) <-2 of WHO Z among wasting
score n (%) <-3of WHO Z
score n (%)

6-12 months 33 25 (75.9) 8 (24.1) 2 (25)

13-24 months 39 19 (48.7) 20 (51.3) 11 (55)

25-36 months 49 41 (83.7) 8 (16.3)

37-48 months 29 25 (86.2) 4 (13.8)

49-60 months 31 0 (0) 0 (0)

Total 181 141(77.8)  40(22.2)

DISCUSSIO@

It was observed that during,the first six months of age of the study
children, majority (88.4%) re%xclusive breast milk. Among the tribal
people, the practice of cow or buffalo milk or any other dairy

product is very negligible§Evel for the purpose of feeding infants and young
children mothers4depeng, on breast milk as compared to other sources

indicating a ive'Qultural factor benefitting the health of the new born.
HoweveP thi ding is in contrast to other studies which reported a poor
u

perce sive breast feeding among other tribes. It was reported
W,

Feeding Practices of Tribal C

2018% among Kol tribes of Madhya Pradesh by Tiwari et al. (2007)

s studies by Burhanuddin et al. (2011), Mondal et al. (2014) and
inhababu et al. (2010) it was between 31 % to 57%. The child rearing

practices followed by the tribal women in our study are favorable to the

@children. Practice of introduction of solid or semisolid food (complimentary

foods) by six months of age was observed in 74 % of children. This is similar

: to finding of Laxmiah et al. (2007) who reported it as 76%. Other studies

among Santals by Mondal et al. (2014) and among tribes of Bankura district
by Sinha babu et al. (2010) reported it as 46.6%and 55.7% respectively.
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Regarding the I'YCF practices, most of the children in the age group of
6 — 24 months received more than 4 types of food groups such as grains,
roots, legumes, fruits, dairy products, eggs and flesh food in their diet.
Mothers of more than 80% of the children demonstrated Minimum dietary
diversity. Also majority of the children were receiving foods more than the
recommended number of times in a day for their age. In contrast to thi
finding, Mondal et al. (2014) has reported a low minimum dietary divesgity
standards (30.85%) and minimum meal frequency (41.49%) in their
However in the present study it is observed that only half (
children had minimum acceptable diet ie having both migi dietary
diversity and minimum meal frequency. Which mean®r 3% children
were either receiving more food groups less frequent % r less food
groups more number of times in a day. Therefeféymothers need to be
educated on these I'YCF guidelines (WHO nclude more food

groups and feed as frequently as advised.

Regarding feeding practices of n than 24 months, IMNCI
recommends at least 3 meals and ious foods per day. In this study
62.6% of the children of 2 years to 5 yeafs, were receiving adequate frequent
meals as per the IMNCI gm (2009) and 90.8 % were had separate

plate for food. Majority @ 2%) were taking feeds on their own.

Nutritional S 1bal Children
Ino prevalence of underweight among children under five
e 49.2%. Among the underweight, 35.29% were severely
(< -3 of WHO Z score). The age wise weight distribution of the
shows that less percentage of children were underweight during
fancy and as the age progresses more number of children are falling
in to the bracket of underweight. This can be attributed to the fact that
practices such exclusive breast feeding and timely initiation of
complimentary feeds are keeping the infant well-nourished but as age
progresses and the milk feed is slowly withdrawn, the quantity of food
supplementation are not adequate to meet the demands of the young child’s
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growth and development thus forcing him into the bracket of underweight.
Other studies (Sinhababu et al. 2010) have also attributed the problem of
underweight to inappropriate complementary feeding practices along with
late initiation and low rates of breast feeding.

Height for age index reflects chronic energy deficiency. In this study, it
is observed that the percentage of children being stunted increases as the a
progresses which means children in the younger age groups beipg well
nourished are gaining good height but as the age progresses,
inadequate complimentary feeds; they gradually end up havi ight
for their age or severe stunting.

However the weight for height index (wastirf§ %wg acute
malnutrition shows that more percentage of children \ 4 months
is wasted.

This is the critical age bracket wh @vadequacy in the
complimentary feeds directly affects the wg@ child leading to acute

malnutrition. Gradually it is foun : n the older age groups
suggesting that for the low height gaifed@Ver a period of time, weight for that
height is normal. According to Mid upper arm circumference, out of 181

children 100 children (55.2®ere malnourished i.e., were having <

13.5cm. 0
Q CONCLUSION

*
Tri Xa child friendly feeding practices as reflected in the breast
ing and ning practices. It is understood from this study that feeding
iceSW the early infancy are satisfactory. However as the child grows

e is deficiency in the frequency and adequacy of the feeds because
0 ich the child becomes wasted and stunted. Reasons for which may be

poverty, illiteracy and non-accessibility to nutritious foods and health
! education.
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2,
\ ABSTRACT

present study was conducted to understand the prevalence of
thifness and its associations with socio-economic and demographic
racteristics among school children. A total of 552 boys and 567 girls

aged between 3 and 11 years from Haldia and Deshopran of Purba
Medinipur districe, West Bengal were incorporated in the present cross-
sectional study. The overall prevalence of thinness was 67.74%. However,
the prevalence of thinness was lower among boys (66.12%) compared to
girls (69.31%). Binary logistic regression analysis revealed that parents

O *Corresponding Author’s Email: kaushikbose@cantab.net.
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education, fathers occupation, sanitation, number of living room and illness 0 ¢
were significantly (p < 0.05) associated with thinness.
Step-wise logistic regression analysis demonstrated that father
occupation, illness and sanitation were also significantly (p < 0.05)
associated with thinness.

Keywords: children, BMI, thinness, socio-economic and demographic
factors .

INTRODUCTION Q
TS

Undernutrition is the leading cause of morbidity a \ in infants,
children and adolescents throughout the worl nd Work 2013,

Meshram et al., 2012, Global Nutrition Repor as been estimated
that approximately two-thirds of the world’sundetmottrished children live in
Asia with highest concentration Q hildhood undernutrition
(Ramachandran 2014; UNICEF 20% ndernutrition continues to cause
nearly half of deaths in children aged§less than 5 years, which have a
significant effect on human s well as social, economic and political
development (Black et al bal Nutrition Report 2016). The health
consequences of a prolofiged state of undernutrition among children include
delayed physical aired intellect, lower resistances to infection

and high risk f 0!o chronic diseases, which also hampered work capacity,

reproduative ce and behavioral status (Park 2007, Masibo and

Makoka 2 gistu et al., 2013, Singh et al., 2013). Undernutrition is

also a@ with diseases like measles, diarrhea and acute respiratory
nfe ease (Meshram et al., 2012, Demissie and Work 2013).

Undernutrition explains around 45% of deaths among children under

ainly in low and middle-income countries (Global Nutrition Report

2018). Undenutrution is also a major problem challenging India. In India,

there are about 60 million underweight children and its prevalence is higher

A in rural areas compared to the urban areas (Smith et al., 2005, Herrador et

al., 2014). However, a number of programs have been launched to control

O the situation, such as ICDS (launched in 1974) and “Mid-day meal Program”
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to improv children and maternal health status. It was observed that thinness
was a comparatively better indicator than wasting among children to assess
the undernourition (Cole et al., 2007) and the chronic energy deficiency
(CED), grades I, Il and I of thinness, refer to severe, moderate and mild
under nutrition, respectively. Undernutrition among school children is an
important public health problem of any country (Rana et al. 2012, Mans
etal., 2014, Teblick et al., 2017). However, information on thinnesg.a g
children of developing countries like in India is important because a¥ar
number of people in India are suffering from undrenutrition. a
have reported that the prevalence of thinness was high in Ingdia (Singh and
Mondal 2013, Singh et al., 2014, Vaidya et al., 2015, \%I., 2016,
Bharati et al., 2017). Higher prevalence of thinne x observed
among children of West Bengal (Mondal et al. ik and Chatterjee
2010, Mandal et al., 2014, Giri et al., 2017).
The prevalence of thinness may inflgenc number of factors
including access to water, sanitatiQ dhhyBienpe, income, education and
guality health services (Yadav et al. , Pal et al., 2016, Pal et al., 2017,
Gurzkowska et al., 2017, Global Nutri 2016-2017 and Child Mortality,
2017; Debnath et al., 2018, Nutrition Report 2018). However, little

information is available @ tritional status of children in West Bengal.

Therefore, the aim of thélpresént study was to understand the prevalence of
undernutrition and idtion with socio-economic and demographic
characteristics schol children.

. @
c)\ MATERIALS AND METHODS

The present cross-sectional study was conducted in Haldia and
opran of Purba Medinipur and the data was collected during the period
December 2014 to April 2016. The study was conducted in 1119 children
aged 3-11 years and selected through door to door visits. Out of the total
participants 552 (49.33%) were boys and 567 (50.67%) were girls.
Height and weight of the participants were measured by standard
techniques (Lohman et al., 1988). Height was measured to the nearest of
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0.10 cm by using an anthropometer and weight was measured to the nearest
0.50 kg by using a weighing machine. BMI (Body mass index) was
calculated from the height and weight using following equation- BMI
(kg/m?) = weight/(kg)/height (m)2. Nutritional status was evaluated using
anthropometric indicators recommended by Cole et al. (2007). Nutritional
status was evaluated using the age and sex specific cut-off points of BMI f
children (Cole et al., 2007). The chronic energy deficiency (CED) ggad
Il and | of thinness refer to severe, moderate and mild under nu
respectively. Socio demographic and socio-economic varia in
family size (number of family member), earning membersmli

illness, parental education, parental occupation, incdhn %enditure
were collected by using a pre-structured questioner. \

The numerical data were presented as meas ent’s t test was
used to compare the means. One-way analysis, 0 ance (ANOVA) was
done to assess difference between mean of anthropometric
measurements within age groups. r was used to assess sex
difference in the prevalence of nutr status. Binary logistic regression
(BLR, i.e., univariate analysis) was d to determine the relationship
between thinness with socio- mic and socio-demographic factors and
to estimate odd ratios The predictor variables entered in the
regression equation incl rental education (above secondary and up to
secondary), father manual and non-manual), mother occupation
(non-manual, house, wif®, manual), house ownership (own and rental),
number @f li (>2 rooms, <2 rooms), family size (<5 members, >5

Xe members (>4 members, 2-3 members, 1members),
sanitation ( rly present, not properly present), illness (above five month
and withi e month), per capita monthly family income (<Rs. 1750, >Rs.

0) @nd monthly family expenditure per capita (<Rs. 2000, >Rs. 2000).

tistical analyses were done using SPSS version 16.

I,
i0

members

C) .
O
O
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Table 1. Mean and stander deviation of weight, height and BMI
among participant

Age Boys Girls

(Years) |n | Mean Mean Mean n Mean Mean Mean
Weight | Height |BMI Weight | Height BMI
[kg] (SD) |[cm] [kg/m?] [kg] (SD) |[cm] (SD) | [kg/m?]

(SD)  |(sD) (3P)

3 61 |13.00 99.75 13.05 61 |13.04 100.82
(1.82) (5.37) (1.42) (2.04) (7.21)

4 62 [13.92 101.70 13.38 61 |[14.26

(48) |(642) |(147) (2.38)
5 60 |16.09  |109.43 |13.39 66 |15.37
(75  |(G91) | (153)

6 63 |17.58 11344 1363 62 1352
(2.78)  [(5.06) | (1.66) (2.22)
7 61 |18.47 11594 |13.69 1357

(3.02) [(5.69) |(1.46) (1.80)
8 61 |20.69 120.84 13.77
(3.07) (7.72) (1.69)
9 60 |23.80 12352 14.08
(4.43) (8.49) (1.52)
10 61 | 2550 129.96 14.77
(5.48) (8.82) (2.27)
11 63 [29.25 135.39 1515
(7.15) (9.55) (1.79)
ANOVA 114.967; . . 15179 [12.43™

n = No. of Participant;

Q\@

Megan and stander deviation of anthropometric characteristics of the

sttdi€d population are presented in Table 1. Results of ANOVA showed that

mean values of height, weight and BMI were significantly (p < 0.001)
@Varried according to age groups. Student’s t-test demonstrated (Table 2) that
A girls were significantly taller than boys at the age of 4 years (p < 0.05).

Contrary to that, at 9 years boys were significantly taller and heavier than
girls (p < 0.05).
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Table 2. Sex difference between mean value of weight, height and BMI

Age (Years) P values for difference in mean weight, height & BMI of boys & girls
t t t

3 -0.10 -0.93 0.97

4 -0.77 -2.01" 1.06

5 1.54 1.16 111

6 1.04 1.23 0.29 ¢

7 0.59 0.70 0.38

8 0.74 1.06 0.19

9 2.54™ 2.30" 2.02

10 0.21 0.91 -0.2

11 0.93 0.79

p"=<0.05, p™< 0.01.

ren using BMI

Categories Boys (n = 552) (n=1119) df X2

Grade-1 140 (25.36) 15 93 (26.18) 1 0.58
Grade-11 73(13.22) 94 (1658) 167 (14.92) 1 2.64
Grade-111 152 (27.54) 298 (26.63) 1 0.12
Overall Thinness | 365 (66.12) 758 (67.74) 1 1.03
Normal 187 (33.88) 41(30.69) 361 (32.26) 1 0.47

n = No. of participant; df = De

Table 3 shows,that % children were thin and 32.26% children were
normal. High nce of Grade-l and Grade-Il thinness was observed
in girls c® p@oys, however the prevalence of Grade-IlI thinness was
higher 4 & mpared to girls. However, the overall prevalence of

i n@h gher in girls compared to boys.
Its of the BLR analysis demonstrated greater odds ratio for
mbgF of earning member, income, expenditure and mother occupation for
b thin (p > 0.05). Children, who suffered from diseases within 5 months
demonstrated 1.42 times greater risk (p < 0.01) for thinness.However,
children living in rental house demonstrated lower risk (OR =0.71, p < 0.05)
for thinness. Children without proper sanitation had 1.65 times (p < 0.01)

greater risk for thinness. The odds values were also significantly higher (1.49
times, p < 0.01) for thinness among children with <2 living rooms. The
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larger family size had a lower risk OR = 0.97, p > 0.05) for thinness. The
odds of thinness were also significantly greater among children whose
fathers were manual worker (1.46 times, p < 0.01) and had up to secondary
parental education (mother, OR = 1.43, p < 0.05; father, OR = 1.45, p <
0.01). The result of step-wise logistic regression analyses (forward
conditional model) to determine the independent socio-economic al
demographic factors for thinness (Table 5) showed significantly (py< 0y01)
higher odds for whose fathers were laboure. Similarly children who

within five months also had higher (p < 0.01) risk for thin

without proper sanitary system (odds 1.46, p < 0.05) also hadgai risk for
thinness. L 2

N
O

India has great opportunity to i @ th Ith and nutritional status
of its citizens because of the economiggdevelopment that occurred in the last
two or three decades. Though, there wer8#mpressive improvements in India
in terms of reduction in fertilj and infant mortality rate, improvement
in health and nutritional not satisfactory. Several programs have
been lunched for the impeovement of child health and nutrition in India. But,
more than half of,in ished population of the world lives in India
(Krishnaswami Inequitable distribution of poverty, demographic and
socio-ecOno ondition reflects on health. Undernutrition is an indicator
i and health of any population. Previous studies on
mong children in West Bengal showed that a large number
ere suffering form undernutrition.

e present study, overall prevalence of thinness was 67.74% based
0 ole reference values. However, the overall prevalence of thinness
among participants was very high compared to the children of Bangladesh
(30.88%), Tanzania (11.30%), Nigeria (9.29%) and Nepal (10.50%). High
prevalence of thinness was also observed in the present study compared to
studies of Singh and Mondal 2013, (25.99%), Singh et al., 2014 (36.18%),

triti
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Vaidya et al., 2015 (32.10%), Eze et al., 2017 (9.29%), Das et al., 2009
(48.40%), Banik et al., 2010 (23.84%) and Selvaraj et al., 2016 (17.90%).

Table 4. Binary logistic regression analysis, demographic,
socio-economic and life style factors affecting on thinness

Variables | Categories n Thinness | (%) |B Wald |OR %3.00
Family Size |<5® 813 |552 67.90 |- -
(No. of >5 306 |206 67.32 |-0.03
Family
Members)
Expenditure | >1750 Rs® 530 |354 66.79
<1750 Rs. 589 |404 . . ; ] 0.85-1.39
Income >2000 Rs® 623 | 419 264 1
<2000 Rs. 496 |339 . 05 0.82-1.35
Iliness Above Five 423 | 266 . 1
Month®
Within Five Month | 696 |4 1.10-1.84
House own® 871 |605 W@ | 69. 1
Ownership | Rental 248 |153 . . 0.53-0.95
Sanitation | Properly Present® |9 8 65.94 |- - - 1
Not Properly 1 76.14 [0.50 |7.62 |1.65™|1.16-2.35
Present
No. of >2® 140 60.61 |- - - 1
living 618 69.59 [0.39 [6.73 |1.49™|1.10-2.00
Rooms
Earning > 284 1189 66.55 |- - - 1
Members®
835 |569 68.14 |0.07 |{0.20 [1.07 |0.16-1.51
Mothe 112 |73 65.18 |- - - 1
up ouse Wife 973 | 657 67.52 |0.11 |0.25 |[1.11 |0.74-1.68
Manual 34 |28 82.35 |0.91 |345 |[2.49 |0.95-6.54
ather, Non-Manual® 481 |303 62.99 |- - - 1
ation | Manual 638 |455 71.32 [0.38 [8.66 |1.46™|1.14-1.88
Mother Above Secondary® {230 |141 61.30 |- - - 1
Education | Up to Secondary [889 |617 69.40 |0.36 |5.45 |1.43" |1.06-1.94
Father Above Secondary® {322 |199 61.80 |- - - 1
Education | Up to Secondary | 797 |559 70.14 [0.37 |7.26 |1.45™|1.11-1.90

n = No. of participant, (%) = Values in parentheses; OR = Odds ratio; C. I. = Confidence intervals.
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Table 5. Factors associated with thinness among school going children

Variables Categories OR (95%ClI) OR (95%ClI) OR (95%)
(Step-1) (Step-2) (Step-3)
Father Non-Manual® - -

Occupation | Manual 1.46™ (1.14-1.88) |1.47™(1.14-1.89) |1.40™ (1.08-1.81)

IlIness Above Five
Month®
Within Five 1.44™ (1.11-1.86) |[1.397 (1.0844.8
Month

Sanitation Properly
Present®

Not Properly
Present

OR = Qdds ratio; Cl = Confidence intervals.

Another study among children of Karrdata ealed that 61.7%
children were thin (Nayak et al., 201 @alence was lower than
the present study. The study by ‘@ et alw’ (2009) reported 85.16%
children were nutritionally thin as we another recent study in children of
Sagar block revealed 81.25% (Giri et al.;2017) children were thin, all these
prevalence were very high th@resent study.

There are numerou faceted causes of thinness and these

causes are interrelated With each other. In the present study, larger family

size (=5 individ ower risks for thinness (p < 0.05). But some
previous studi d that large family size had a greater risk for thinness
(Mondal®and 10, Mondal et al., 2015, Yadav et al., 2016, Pal et al.,
2017). t study, the odds for thinness were found greater among

ildren belonging to low monthly family income. Similar studies also
re the children belonging to lower income households were found

be algreater risk for thinness (Mondal and Sen 2010, Mondal et al., 2015,

v et al., 2016, Pal et al., 2017). In the present study low monthly per
capita expenditure had greater odds (1.09 times) for thinness. Those children
who were ill within five months also had significantly (p < 0.01) higher risk
(1.42 times) for thinness. The significantly (p < 0.01) greater odds (1.65

times) for thinness was found in children those had no proper sanitation
facility. Similarly, some studies had reported that sanitation (not properly
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present) had greater risk for thinness (YYadav et al., 2016, Pal et al., 2016, Pal
et al., 2017). In the present study the odds for thinness was significantly
greater (1.49 times, p < 0.01) among children having lower (<2 room)
categories of living room. Few previous studies had reported an association
between living room and greater risk for thinness (Debnath et al., 2018). The
greater risk of parental occupation on the prevalence of thinness was al
observed in the present study. The children whose parents were laourdiad
higher risk for thinness. Some previous studies also reported that signifiica
association of parental occupation and child nutrition (Mond .
Pal et al., 2016, Selvaraj et al., 2016, Pal et al., 2017, Debn t
Significantly greater (1.42 and 1.45 times) effect of par n% i
child nutrition was also found in the present study. Simi x e previous
studies also observed that parental education 4vas I tly associated

with child malnutrition (Meshram et al., 201 5 all, 2016, Selvaraj et
al., 2016, Yadav et al., 2016, Pal et al., 201, Ta al., 2018).

CONCLUSION

aspects, such as the fer te, maternal mortality and infant and child

mortality rate are decli . The present study showed that 67.74% children

were nutritio in and also showed that socially, economically and

educatioﬁall% sections of the population were more likely to be thin.

Thus, i utritional intervention is necessary to improve the
ritignal stattis among the children.

India has many chalQ@proving the health of its citizens. Many
ity

RECOMMENDATIONS

The present study recommends for urgent iniatives for awareness
programme on health and child nutrition both in rural and urban areas.
However, it is only possible when government, non-governmental
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organizations, medical persons and health workers along with local people
will work together to manage it.

LIMITATIONS

The present study had some limitations including its cross-$e ti@
nature as well as unavailability of data on mother health conditi N
participants, parasitic infection, and type of food consumption, ical
activity which may have an important effect on childho’od r@ i
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Q ABSTRACT
*

Nhe second highest country after China in population and it is
in% ay by day. Almost all the regions suffer from different kinds

ittonal problems. The purpose of this study was to evaluate the
nowledge, attitudes and behaviours about nutrition of parents with

dren’s health status in two different socio economic groups. A
ieldwork was used to collect information on health variables of children

(n=185) aged 7-12 years, from two significantly opposite socio-economic
: groups. Anthropometric variables were used to know the children’s current

health status. All anthropometric parameters showed the poor health status
of the children in both economic groups, which shows the inappropriate

O *Corresponding Author’s Email: dip_cu@rediffmail.com.
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diet. The lack of diet knowledge of the parents is the main cause behind it.
The study concludes that both groups of children show nutritional
deficiency or imbalance as well as a visible incorrect diet and no
maintenance in their good health practice by their parents.

Keywords: children, health status, rural, West Bengal

*
INTRODUCTION \Q
Good nutrition is the cornerstone for child in thls g od

Children are habituated in a certain diet pattern f p and their
choice of food also starts to develop from this &‘ g children’s
knowledge about healthy food may influence Mation of their eating
behaviors, and parents have a major influe - ihe development of
children’s knowledge in the early yeazs 8). Parent’s choices are
also based on religion, caste and th @
economic group (Cluss, 2013).

The nutritional status has a wide range from extreme under nutrition to
over nutrition (McNab et al., @)’. The energy and essential nutrients are
needed for growth, dey, pigand maturation of various tissues and
organs of human bod hich is related to physical activity and energy

expenditure. SOCI status has the great impact in dealing with the
health of the ¢

Body néex is a commonly used method for determining the
obesity & -nutrition in both adult and children (WHO, 2005) and
ives %a dized category of BMI which is widely accepted (Elizabet,
19 are also many anthropometric tools which can be used as good
dicaters of health status (WHO 2005).
all developing countries there are two significant groups: one is below
poverty and another one is affluent. These two groups show complete
oppose pictures in terms of child’s health as well as parent’s nutritional
knowledge (Nirmalan, 2014). This particular study will show two types of

family income levels and nutrition knowledge effect in the health status of
future generations (Keys, 2015).
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L 4
The objective of the present study is to evaluate the nutritional status of Q
children with respect to their parent’s nutritional awareness income level.

MATERIALS AND METHODS

The present study is a fieldwork based cross sectional study de Q
using purposive volunteers of children 7-12 years old with
healthy appearances from Purulia, West Bengal, India. An p
measurements are done to the child in school. Six schoo |ed in

urban and city area and these children also com f? erent socio-
economic groups (Cameron et al., 1981). This so&&mlc factor is
divided based on Tendulkar’s survey report ( 19). From these
6 schools, 104 children from a lower income 81 children from a
higher income group participated (N3 I@., 2018). A structured

their se€io-economic and life-style

schedule/questionnaire used to tal
variable is used (Nmer et al., 2014). roups were considered depending
economic group (LSEG) and the

on income level. The first is lower soci@
second is higher socio ,%. group (HSEG). Anthropometric
measurements were takensificldging’height, weight, hip circumference, waist
circumference, head c@rence and mid-upper arm circumference
following the sta ique (Weiner and Lourie, 1981). Body mass
index (BMI) ived using standard formula (kg/m?) and cut off was
followedbas 05 Stunting, wasting and MUAC were calculated with
Z scor X tile (Zarnowiecki et al., 2012). Martin’s anthropometric

as% ols are used for this study (Nirmalan, 2014). Standardized
m t tapes and weighing machine were used to calculate body mass

dex,smid upper arm circumference, waist and hip circumference (Keys,
. Data were computed and checked. All these variables are analyzed

@by using necessary statistics and software (Zarnowiecki et al., 2012).

OA
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Table 1. Distribution of height according to age

Age LSEG (Lower Socio HSEG (Higher Socio

(years) Economic Group) Economic Group)
Mean Height (cm) | SD Mean Height (cm) | SD

7 111.84 9.41 117.71 12.68

8 121.57 8.70 128.5

9 127.35 8.58 133.42

10 123.52 9.16 138.29

11 134.89 10.73 138.01

12 139.35 8.08 136.22

Table 2. Yearly increment of height accord

'\xgroups

Age groups (years) LSEG (cm) (Height) (cm) (Height)
7-8 9.73

8-9 5.78

9-10 -3.82

10-11 11.37

11-12 4.46 -1.79

Q:‘ RESULTS
Tabfe 1 shofl's fhe description of height based on their age between two

socio- ic groups. Table 2 shows yearly increment of height of age

p@g two socio-economic groups. In 7-8 age groups of HSEG’s
Y incfement height (10.79 cm) is higher than LSEG (9.37 cm). On the
other fand, in 8-9 age groups LSEG height (5.78 cm) increment is higher
than HSEG (4.92 cm). Though height is the most diversified in 10-11 age

groups among HSEG (-0.2 cm) rather than LSEG (11.37 cm). For 11-12 age
! groups, diversity of yearly increment of height score is near among HSEG

: (4.46 cm) and LSEG (-1.79 cm).
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Table 3. Distribution of mid upper arm circumference

according to age

Age (years) LSEG HSEG

Mean MUAC SD Mean MUAC SD
7 15.23 1.90 23.47 6.84
8 18.05 3.51 18.82 91
9 17.87 2.61 18.82 3.
10 16.31 2.51 20.13
11 21.3 5.55 17.37 v
12 20.47 4.21 18.24 o 6

Table 4. Yearly increment of mid upper ar; \Bference

according to age gro

Age groups (years) LSEG (cm) SEG (cm) MUAC
7-8 2.82 -4.65

8-9 0.18 0

9-10 -1.56 1.31

10-11 4.9 -0.76

11-12 0.87

Table 5. Nutritiop@

1]

econom

of the studied participants based on MUAC

Less than equal to 50"
percentile (under
nutrition)

Greater than equal to
50™ percentile (well
nourished)

47 (45%)

41 (54%)

67 (64.19%)

33 (30.86%)

Table 5 shows the description of mid upper arm (MUAC) circumference
based on their age between two socio-economic groups. Table 6 shows
yearly increment of MUAC of age groups among two socio-economic
groups. We get a picture of increment of MUAC between two socio-
economic groups. In HSEG groups, there is a gradual increase of MUAC.
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But varied increases and decreases mean rate of MUAC of LSEG. While
deviated score is highest at the 7-8 age groups in case of HSEG, the highest
deviated score is in 10-11 age groups. In LSEG, 64.19% is under-nutrition
and 30.86% is well nourished. In HSEG, 45% is suffered from malnutrition
and 54% is well nourished.

Malnutrition @
Figure 1. Nutritional status of studied participants@ LJAC.

In HSEG, the stunting participz 8/46. and wasting participants
are 53.08%. In LSEG, stunting pastiCipants are 49.03% and wasting
participants are 59.61%.

QISCUSSION
There is Q relationship between parent’s knowledge and

attitude Thathiegfle hy food intake by their children (Srilakshmi, 2019).
Overa ergyare two significant group and there imbalance in nutrition is
riyadeficit in children (Nanclares et al., 2018). In the group of low
there is lack of nutritional practice in participants such as one time
al with skipped dinner, with very poor protein intake and less
calories. For this imbalance of nutrient there proper growth so more than
80% is in the BMI under-weight category (Ellison, 1982). For the above
reason height, MUAC, are very low in this group (Keys, 2015). In the high
income group the parents are attracted to the advertisements on television,
and buy drinks (Hurlock, 1978). Their diet is also full of first class protein
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but lack of vitamins and other micronutrients (Snehalatha et al., 2003). The
above parameters like MUAC are high and an early sign of overweight is
shown in them. The study concludes that both groups of children show
nutritional deficiency or imbalance (Nmer et al., 2014). There is a visible
incorrect diet and no maintenance in their good health practice by their

children from lower socio-economic group posses high risk in stungin

parents. The income factor was also an important factor seen. Most c;%
d

wasting. In higher socio-economic group early sign of over we

i
noticeable. Lack of parent’s idea and knowledge about di@
i stu

y.

Table 6. Distribution of BMI based on

reason behind it. Small sample size was a possible Iimit%
2

Age groups | HSEG @
(years)
7-8 16.45 £ 4.12 (CED gra 681 + 3.60 (CED grade Il)
8-9 17.28 £ 4.29 (CED gr 17.43 + 3.45 (CED grade I)
9-10 20.48 £ 5.39 (Normal) 17.45 + 2.59 (CED grade 1)
10-11 20.12 £5.44 (N 18.61 + 3.79 (Normal)
11-12 17.67 +4.29 ( el) 19.45 + 4.21 (Normal)
Tabl nal status (HAZ and WAZ)
the studied participants

Scio- ec S N Stunting Wasting
HSE 81 38 (46.91%) 44 (53.08%)

E 104 48 (49.03%) 90 (59.61%)

Indaddition, parents were not tested with the proper test (Zarnowiecki et
al., 2012). This single setting restricts culture and income variations more
than if the population had been more diverse; perhaps a mixture of low,
middle and high income school. Parent’s lack of knowledge regarding
nutrition is alarming in healthy food choice and total calorie intake of their
children (Ogwu, 2012; Hernandez, 2012). The lack of macro and micro
minerals and imbalance in nutrients are visible in the health status of these
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children (Cameron et al., 1981). To recover this situation, interventions like
nutrition camps should be started. That can ensure the enhancement of
knowledge in parents about their children’s health. Future studies should
include responses from a more diverse population. It is advised to question
parents regarding their actual knowledge about nutrition (Nanclares et al.,
2018).

.

Q

M LSEG

70.00%

60.00%

50.00%

40.00%

30.00% - H HSEG

20.00%

10.00% -

0.00% -
Stunting

Figure 2. Nutritional status (HAZ @AZ) 0
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Q ABSTRACT
L 2

Ntion refers to deficiencies, excesses, or imbalances in a
p%n ake of energy and/or nutrients. Malnutrition as a result of
d nutrient assimilation is also characterized by recurrent

inféctions as well as chronic inflammation, suggesting an underlying

une defect and thus increased susceptibility to infections in children.

nfectious disease is one of the primary causes of morbidity and mortality

in developing countries, particularly among children. Studies demonstrated

impaired immune organ growth, thymic atrophy, preformed T-cell

. s deficiency, altered ratio of T-cell subsets, decreased natural killer (NK) cell
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activity and cytokine production, decreased T-cell function and the ability
of lymphocytes to respond appropriately to cytokines among
undernourished infants and children. However, the interrelationship
between malnutrition and infections in childhood is complex and much
remains to be learned.

Keywords: Malnutrition, undernutrition, infection, immunity, children

2
INTRODUCTION
Worldwide, 5.6 million children die before their fifth bi ach year,
with 80% of these deaths occurring in sub-Saharan Affiga ia. Almost

half of these deaths occur in children with ma
Malnutrition in terms of undernutrition puts chi
from common infections and increases the freque as well as the severity
of such infections, and delays reco F'2019). In 2018, globally
there were 149 million children und ars of age were stunted, 49 million
were wasted and 40 million were overwgight (WHO 2019). While known to
be a major public health in low-income countries, childhood
malnutrition is also presepisi -income countries, particularly among

ck et al. 2013).

children is also a health problem in India, as the prevalence of
under-weight chi dia is highest in the world, and is nearly double
comparegto S @ haran Africa (Sahu et al. 2015). Nutrition during early
infancy n g@h0od not only affects growth and morbidity in childhood,
but algo ac a determinant of nutritional status in adolescent and adult
I Bose 2011). However, in India the problem of malnutrition is
oncéntrated phenomenon because, a relatively small number of states,
s and villages account for a large share of the malnutrition (Sahu et

al. 2015).

The relationship between nutritional status and the immune system has
been a topic of study for decades (Shukla et al. 2016). Malnutrition is one of
the primary causes of immunodeficiency worldwide, with infants, children,
adolescents, and the elderly most affected. There is also a strong association
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between malnutrition and infection and infant mortality (Katona and
Katona-Apte 2008). Several studies have demonstrated that malnutrition
impairs host immune responses and is a major cause of secondary immune
deficiency (Scrimshaw and SanGiovanni J. P. 1997). Thus, the focus of the
present study is to understand the association between malnutrition and
infections in children.

MALNUTRITION Q\

Malnutrition refers to deficiencies, excesses, or igba person’s
intake of energy and/or nutrients (WHO 2019). N& malnutrition
indicates three broad categories namely, un ®which includes
wasting (low weight-for-height), stunting ight-for-age) and
underweight (low weight-for-age); c@t related malnutrition,
including micronutrient deficienci ac important vitamins and
minerals) or micronutrient excess; an@g@verweight, obesity and diet-related
noncommunicable diseases (such as hearfidisease, stroke, diabetes and some
cancers) (WHO 2019).

On the other hand, malnutrition is commonly categorized
into two major syndromes, Jmarasmus and kwashiorkor. Marasmus is
defined by a weightforegeight value more than 3 standard deviations below
the mean for sex (or a weight-for-height z score of less than -3),
whereas®kw r is characterized by the presence of bilateral pitting
pedal e endent of anthropometric values (Grover and Ee 2009).

ently, thére has been increased focus on the use of the mid upper arm
cir e to understand nutritional status as it is less affected by

dration status and generally it has better predictive value for subsequent
lity than weight-for-height z score (Briend et al. 2016).

Nutritional status can be evaluated in different ways in children
including observation and clinical examination, biochemical method and
through anthropometric measures (Cross et al. 1995; Das and Bose 2011).
However, energy and/or specific nutrient intake, requirements and
expenditure are very rarely directly assessed. Instead, practice and research
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are based on anthropometric measures compared with a reference population
(Walson and Berkley 2018). Moreover anthropometric measurements are
also inexpensive, non-invasive and suitable for large scale surveys (WHO
1995).

Major factors which modulate nutritional status during early childhood
include birth weight, infant and young child feeding practices, morbidity d
to infections, treatment of infections, nutrition care during infeciion<gnd
convalescence (Ramachandran and Gopalan 2009). Other establish%
factors for malnutrition in low and middle income countrieSW

household income, while protective factor includes pare cation,
immunization, and breast feeding (Janevic 2010). ¢

IMMUNE SYST Q

The immune system was o'@ asaprotective factor during
infectious diseases over a century ago¥Sattler 2017). The immune system is
the body's main defence against foreign'materials and biologic agents such
as bacteria, viruses, chemi foreign cells and tissues (National
Research Council 1992 rtance of the immune system to our
survival in the face of th@ywidelVariety of disease-causing agents is tragically
demonstrated by ,the ating consequences of the immunological
impairment o d immune deficiency syndrome and of congenital
immunofegi eficiencies such as severe combined immunodeficiency
(SCID) ational Research Council 1989). The immune system

b
im

Spo

clasgifted into two subsystems namely, the innate and adaptive

ems. In general, innate immunity is considered a nonspecific

, Whereas the adaptive immune system is thought of as being very
S ic (Vivier and Malissen 2005).

The combination of these two systems defends the host against

infection. Innate immunity provides a first line of protection against

pathogens and can be activated rapidly following infection; this response is

non-specific and involves epithelial barriers, circulating phagocytes (mainly
neutrophils and macrophages), and other cytotoxic cells, such as natural
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killer cells; further, complement proteins and positive acute-phase proteins
(APP) also play an important role (Fearon and Locksley 1996; Medzhitov
and Janeway 1998). However, if the infection is not cleared, they activate
adaptive immune responses (Greenberg and Grinstein 2002). The function
of adaptive immune responses is to destroy invading pathogens and any
toxic molecules they produce. Adaptive immune responses are carried o
by white blood cells called lymphocytes. There are two broad classes,of sich
responses—antibody responses and cell-mediated immune responsexd
they are carried out by different classes of lymphocytes, call ¢

T cells, respectively (Alberts et al. 2002).

0 gelyappropriate amounts of
ga ctions (Oruamabo 2015).

MALNUTRITION AND |

Malnutrition is the failure of the bed
nutrients to maintain healthy tissues
Although malnutrition indicates tOW0th states of undernutrition and
overnutrition, the present review will emphasise on undernutrition and use

the term interchangeably wit trition. Malnutrition plays an important
role in more than o i all child deaths worldwide. Since

malnourished children more susceptible to infections, this combination
creates a vicious spira ich each condition aggravates the other (Page
et al. 2013). ition as a result of disordered nutrient assimilation is
also chafacte recurrent infections as well as chronic inflammation,

suggesti x rlying immune defect (Olofin et al. 2013; Rytter et al.

4;@ al. 2016). An infant born with a severely defective immune
sy oon die unless appropriate measures are taken to isolate it from

ostof infectious agents, including bacteria, viruses, fungi and parasites
( rts et al. 2002). It is well documented that the development of infant
immunity during the first two and half years of life is very sensitive to
nutritional status (Bourke et al. 2016). Number of studies demonstrated
impaired immune organ growth, thymic atrophy, preformed T-cell
deficiency, altered ratio of T-cell subsets, decreased natural killer (NK) cell
activity and cytokine production, decreased T-cell function and the ability
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of lymphocytes to respond appropriately to cytokines among
undernourished infants and children (Prentice 1999; Rodriguez et al. 2011;
Prentice et al. 2013; Moore et al. 2014; Rytter et al. 2014). However, the
host defence mechanisms depend upon the activities of white blood cells to
function. In severely malnourished children these defence mechanisms,
including both acquired (lymphocyte functions) and innate (macrophag
and granulocytes) are affected. As a result, malnourished children with k
immunity become more susceptible to infections (Schaible and Kauxe
2007; Rodriguez et al. 2011). Moreover, frequent infections i

also associated with lower growth velocity and stunting c et al.
2008; Guerrant et al. 2008; Rodriguez et al. 2011%: and the
presence of higher inflammation are also associated w ppression

as both of these are linked to growth hormo eBoer et al.
2017).
In order to efficiently fight a ains@ s, innate protective
u

mechanisms of the body such as int nd naso-oesopharyngeal

linings, gastrointestinal, genito-urin cts as well as capability to produce
mucous secretions are necessary to provige a barrier to invasion (Rodriguez
et al. 2011; Shukla et al. 20 owever, in order to do this a range of

nutrients including antioxi nzymes, minerals and vitamin are needed
by the body (Calder a@‘son 2000). This might be the reason that
malnourished chil monly characterise by varying degrees of
mucous membr. @\ions and abnormalities in protective secretions
along with r@ ficiencies, which make them prone to infections
(Rodrigue 1; Shukla et al. 2016; Chiabi et al. 2018).
Defectsdmiadaptive immune function include reduced levels of soluble
gA i va and tears, lymphoid organ atrophy, delayed-type hyper-
sitigity responses, fewer circulating B cells, a shift from Th1-associated
t 2-associated cytokines, and lymphocyte hyporesponsiveness to
phytohemagglutinin, but preserved lymphocyte and immunoglobulin levels
in peripheral blood (Rytter et al. 2014). The availability of complement
components and phagocyte function are also compromised due to

malnutrition, which in turns directly affects the pathogen elimination
process (Chandra 2002; Franca et al. 2009). A number of studies
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demonstrated that the biological function of different cell types (B
lymphocytes, macrophages and Kupffer cells) is clearly decreased during
nutritional deficiencies (Redmond et al. 1991; Petro et al. 1994; Honda et
al., 1995; Stapleton et al. 2001; Franga et al. 2009). Atrophy in the primary
lymphoid organs due to malnutrition in new-borns and infants also affect the
production of B and T cell repertoires (Franca et al. 2009). Moreov
malnutrition in new-borns and small children also provokes thymusgatraghy
that, in turn, reduces thymus cell number and also severely affe%S
development of peripheral lymphoid organs (Savino 2002). a
have demonstrated that protein-calorie malnutrition alsogimpairs cell-
mediated immunity (Scrimshaw and SanGiovanni 199%) %

Though malnutrition makes children susceptible t0 N , infectious
could also results in undernutrition among childge emonstrated that

gastrointestinal infection can cause prolonge leading to loss of
nutrients and malnutrition (Pelletier et al.¢199 aible and Kaufmann

2007; Shukla et al. 2016). M ed immune deficiency
syndrome, tuberculosis and intesti rasites along with other chronic

infections may also cause cachexia andy@naemia (Schaible and Kaufmann
2007). In conclusion, the 4 lationship between malnutrition and

infections in childhood J and much remains to be learned.
However, there is a seri@j or studies to generate knowledge for better

understanding this@ ionship to reduce childhood malnutrition.
&
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