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ABSTRACT Undernutrition is a major public health problem in most of the developing countries of the world.
India is a country with the large population size, socio-economic disparities and existence of high undernutrition
among children. The aim of the present investigation is to assess the prevalence of undernutrition using head
circumference (HC)-for-age among preschool children. This cross-sectional investigation was carried out among
490 (211 boys; 279 girls) Karbi preschool children (<5 years) of Diphu, Karbi Anglong, Assam, using stratified
random sampling method. The HC was measured using standard anthropometric procedures and HC-for-age Z-
score (HCAZ) values were calculated using Lambda-Mu-Sigma (LMS) method. The age-sex specific HCAZ values
of <-2SD to -3SD and <-3SD are considered as moderately and severely undernourished, respectively. The overall
age-specific mean differences were observed to be significant in HC and HCAZ among boys and girls (p<0.05). The
overall prevalence of undernutrition (low HC-for-age) was observed to be higher among girls (49.10%) than boys
(42.18%) (p>0.05). The moderate and severe undernutrition was found to be 34.49 percent (boys 35.54%; girls
33.69%; p>0.05) and 11.36 percent (boys 6.63%; girls 15.41%; p<0.05). There is a high prevalence of undernutrition
among preschool children and girls were more vulnerable shows the gender-related trend in undernutrition. This
call for the formulation of necessary healthcare intervention strategies and/or to evaluate the efficacy of ongoing

intervention programme to improve the nutritional status in preschool children.

INTRODUCTION

Physical growth assessment providesimpor-
tant indication of overall health and nutritional
status and considered being an estimation of
the quality of life in community/populations
(Maiti et al. 2012). Anthropometry isasimple,
reliable, easy-to-use, non-invasive techniqueto
assess the physical growth and nutritional sta-
tusin children (WHO 1995; Hall et al. 2007). Sev-
eral anthropometric measurements of height,
weight, mid upper arm circumferences (MUAC),
head circumference (HC) and skinfold thickness
(for example, triceps or sub-scapular) arewidely
used to assess the physical growth and nutri-
tional status (WHO 1995; Hall et al. 2007). A set
of anthropometric measures of height-for-age,
weight-for-height, weight-for-height, MUAC-
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for-age, HC-for-age, and Body massindex (BMI)-
for-age used to assess the magnitude of under-
nutrition among preschool children (WHO 1995,
2007; Nandy et al. 2005; Bose et al. 2007; Mon-
dal and Sen 2010; Sen and Mondal 2012; Maiti
etal. 2012; Tiggaet a. 2015; Bharali and Mondal
2018; Debnath et al. 2018). The HC-for-age is
now being considered as an accurate, rapid,
non-invasive and recommended anthropomet-
ric measure to determine the physical growth
and nutritional statusin preschool children (that
is, <5years) (Anzo et a. 2002; Bartholomeusz et
a. 2002; Singh and Grover 2003; Singh and Bis-
noi 2005; Zaki et al. 2008; Geraedtset al. 2011,
Maiti et al. 2012; Tiggaet a. 2016; Tiwari et al.
2017; Giri et a. 2018; Yeasminand Yeasmin 2018).
Itisused to determine the cranial growth attain-
ments and considered being a proxy measure of
undernutrition or protein energy malnutrition
(PEM) and brain size/intra-cranial volume de-
velopment and genetic disorders among pre-
school children (LeivaPlazaet a. 2001; Bartho-
lomeusz et a. 2002; Ivanovic et al. 2004; Joffe et
al. 2005; Singh and Bisnoi 2005; Leeet al. 2010;
Laronetal. 2012; Tiggaet a. 2016; Tiwari et al.
2017; Giri et al. 2018; Martini et al. 2018). The
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HC-for-ageisused most significantly during the
physical examinations, especially in physical
growth, development eval uation and neurolog-
ical disorders diagnosis and/or abnormal brain
volume among preschool children (Karabiber et
al. 2001; ElImali et al. 2012; Talebian et a. 2013;
Tiggaeta. 2016; Tiwari et a. 2017; Yeasminand
Yeasmin 2018). However, arapidincreasein the
histological changeis related to the HC-for-age
among preschool children (Talebian et a. 2013).
Moreover, the attainment of brainsizegrowthis
rapid during early stages (that is, <3 years) ow-
ing to the brain development in preschool chil-
dren (Huelke 1998; Savageet al. 1999).
Undernutrition produces notable morpho-
logical changes in the brain size development
which may damagetheintellectual potential and
can limit the productivity in preschool children
(Cornelio-Nieto 2007; Sukanyaet al. 2014; Ti-
wari et a. 2017). Poor attainment of physical
growth of the brain affects the cognitive abili-
ties(Galeet al. 2004; Leeet a. 2010; Talebian et
al. 2013; Levitonet a. 2010; Guellec et al. 2015)
and the HC-for-age is being considered as the
most important non-invasive and practical an-
thropometric measurement of long-term or chron-
ic nutritional deficienciesassociated with intel-
lectual impairment during infancy and/or child-
hood (Ivanovic et a. 2000; Gale et al. 2004; Lee
etal. 2010; Tiggaet a. 2016; Giri et al. 2018). The
preva ence of undernutrition (for example, PEM)
triggers microcephaly and/or neurological dis-
orders and directly related to the development
guotient and cognitiveimpairments of such chil-
dren (Karabiber etad. 2001; Leeet d. 2010; EImali
etal. 2012; Tdebianet d. 2013; Tiwari etd. 2017).
Severa research investigations have reported
the physical growth pattern and magnitude of
undernutrition (low HC-for-age; <-2SD) among
preschool children in India (Singh and Grover
2003; Singh and Bisnoi 2005; Mandal and Bose
2010; Maiti et al. 2012; Sukanyaet d. 2014; Tig-
gaet al. 2016; Giri et al. 2018). Moreover, the
early detection of nutritional status using HC-
for-agewill definitely help to reducetherelative
risks of nutritional inadequacy, morphological
changes, neurological disordersand brain dam-
age especialy among nutritionally vulnerable
segments (for example, preschool children) of
population. However, thereisinsufficient infor-
mation on the ethnic/population specific physi-
cal growth retardation and undernutrition as-
sessment cause due to low HC-for-age among
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preschool children of India. The objective of the
present investigation is to assess the physical
growth pattern and prevalence of undernutri-
tion using HC-for-ageamong the Karbi preschool
(<5years) children of Assam, Northeast India.

MATERIAL AND METHODS

The present community based cross-section-
al investigation was carried out among 490 (boys
211; girls 279) Karbi tribal preschool children
(< 5years) in Diphu of Karbi Anglong district
(25°33' N t026°35' N latitude and 92°10" E to
93°50' E longitude) of Assam, Northeast India.
Themajor tribal ethnic groupsof thisdistrict are
Karbis, Dimasas, Kukis, Garos, RengmaNagas,
Bodos, Tiwas, Khasi, Pnar and Hmars residing
in the district of Karbi Anglong, Assam. Ac-
cording to the National Census 2011, the Karbi
Anglong district had a total population of
9,65,280 individuals(4,93,482 male; 4,71,798 fe-
male) with an averageliterary rate of 59.52 per-
cent (56.82% male; 43.18% female). The age of
preschool children was determined through the
birth certificates or relevant documents issued
by Government. The data were collected using
the stratified random sampling method. The chil-
dren were homogeneous in nature mainly col-
lected among Karbi tribal populationresidingin
rura regionsof thedistrict. Ethnically, the Karbi
population belongs to the Tibeto-Mongoloid
population and Tibeto Burman sub-linguistic
group (Kumar et al. 2004). They arefound to be
significantly differ fromthe‘Bodo group’ which
includes Kachari and Sonowal tribal popula-
tions. The Karbisare mainly concentrated in the
Karbi Anglong, DimaHasao, Kamrup, Moriga-
on, Nagaon, Golaghat, Karimganj, Lakhimpur
and Sonitpur districts of the state of Assam,
Northeast India. They are also inhabited in the
states of Nagaland, Arunachal Pradesh and
Meghalaya.

The minimum number (N) of subjects/chil-
dren arerequired to estimating the magnitude of
undernutrition was determined using the stan-
dard method of sample size estimation (Lwanga
and Lemeshow 1991). In this method, the ex-
pected/anticipated population proportion (that
is, low HC-for-age) of 50 percent, absolute pre-
cision of marginal error of 5 percent and confi-
denceinterval (that is, the maximum amount of
tolerance) of 95 percent weretaken into consid-
eration. The standard equation was used to de-
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terminethesamplesizeasfollows: N = (zZ/A)?p (1
- p) [where, p=0.50, A=0.05and z=1.96]. The
minimum samplesize, thus estimated was N=385
individuals. In thefirst stage, the househol ds of
those individuals belonging to the Karbi popu-
lation were identified based on the surnames,
language spoken and cultural traits. The ethnic-
ity of the subjects was also verified using the
official documents issued by government au-
thorities. The data of the present investigation
were collected by using pre-structured sched-
ules. In the second stage, 520 Karbi preschool
children wereidentified and approached for the
present investigation. Finally, atotal of 490 Kar-
bi preschool children in the age group of 1-5
years from those identified households were
selected and included in this investigation.
Hence, the final sample size of the present in-
vestigation was found to be appreciably higher
than the estimated sample size and the overall
participation rate was 94.23 percent. However,
5.76 percent (N=30) of the total identified sub-
jects were not included due to an inappropriate
age record or physical deformities and/or suf-
fering from diseases at the time of data collec-
tion. A special care wastaken that each sex/age
categories had aminimum sample of 30 subjects.
The participation of the subjects in the present
investigation was voluntary in nature and the
verbal consent was taken from either of their
parent prior to collect data. Each informant and
subject was interviewed and measured in the
respective household and the data of the present
investigation obtained by using household sur-
vey method, respectively. The present research
investigation was carried out in accordance with
the ethical guidelines of human experiment as
laid down in the Helsinki Declaration (Touitou
et al. 2004; Portaluppi et al. 2010). Thedatawas
collected during the period of December, 2016 to
July, 2017.

Collection of Head Circumference

The HC of children was measured by the
standard anthropometric procedures (Hall et al.
2007) using anon-stretchabl e plastic coated flex-
ible measuring tape. Exerting light pressure, the
measuring tape was passed over the glabellato
the areanear the top of the occipital bone (opis-
thocranion) as to get the maximum circumfer-
encenearest 0.1 cm. Especial carewastakeninto
consideration to keep the tape flat against the

head and parallel on both the sides (Tiggaet al.
2016). The standard method of technical errors
of the measurement (TEM) for both intra and
inter-observer were determined to test the reli-
ability of the anthropometric measurement (for
example, HC) (Ulijaszek and Kerr 1999). For this,
HC was measured from 30 preschool children
other than those selected for the present inves-
tigation by the authors (JSand NM). The TEM
was calculated using the following equation:
TEM=(ZD?%2N), D=difference between themea-
surements, N=number of individuals. The co-
efficient of reliability (R) of TEM wascalculated
using the following equation: R={1-(TEM)?/
SD?}, SD= standard deviation of the measure-
ments. Very high valuesof R (>0.985) were ob-
tained for both intra- and inter-observer TEM
and these values were found to be higher than
therecommended cut-off value (R>0.95) (Ulijas-
zek and Kerr 1999). Therefore, the anthropomet-
ric measurements (that is, HC) collected in this
investigation were considered being reliableand
reproducible. Hence, anthropometric measure-
ment (that is, HC) among preschool childrenin
the present research investigation was record-
ed by the author (JS).

Assessment of Nutritional Status

TheHC-for-age Z- scores (HCAZ) valuewas
calculated for the assessment of undernutrition
among Karbi preschool children using the Lamb-
da-Mu-Sigma (LMS) method. This method is
based on threeimportant curvesreferredtoasL
(lambda), M (mu), and S (sigma) curves (Cole
and Green 1992; Coleet al. 1998; WHO 2007).
The ‘M’ curve is the median or 50" percentile
curve, the‘S' curveisameasure of the coeffi-
cient of variation and the ‘L’ curveisthe power
of the Box-Cox transformation, which measures
the changing skewness of the distribution with
age (WHO, 2007). The age-sex specific HCAZ
was calculated using the standard equation:
HCAZ={(XIM)-"}/(L*S). [Where, X=HC,L,M
and S are the age-sex specific values of appro-
priate table corresponding reference popula-
tions]. The HCAZ-score value was calculated
by utilizing the age and sex-specificL, M and S
values of the WHO child growth reference of
preschool children (0-5 years) (WHO 2007).
Where, children of HCAZ values between -3 to
<-2 Z-score and ‘<-3' Z-score were considered
being moderately and severely undernourished,
respectively (WHO 1995, 2007).
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Satistical Analysis

Thedatawas statistically analyzed using the
Statistical Package for Social Sciences (SPSS
version 16.0). A p-value of less than 0.05 and
0.01 was considered to be statistically signifi-
cant. Anthropometric measures were depicted
in terms of descriptive statistics (mean + stan-
dard deviation). The age-sex specific mean dif-
ferencesin anthropometric variableswere done
utilizing one way analysis of variance (ANO-
VA). Theage-sex differencesin the overall, mod-
erate and severe grades of undernutrition (that
is, low HC-for-age) between sexeswere done by
utilizing the Chi-square analysis (?).

The LMS method software computer pro-
gram fits smooth percentile curvesto the refer-
encedatausing the‘L’ (lambda), ‘M’ (mu), and
‘S (sigma) method as described by Cole and
Green (1992). This method is being considered
as a concept of an age varying adjustment for
skewness of the Box-Cox transformation. This
method converts the anthropometric measure-
ments (for example, HC) of known age-sex toeval-
uate percentile and standard deviation score or
Z-scorein children (Coleand Green 1992; Coleet
al. 1998). The LMS Chartmaker Light software
(version 2.54) was used to derive smooth percen-
tile growth curves (Pan and Cole 2011). The age
and sex-specific percentile curves with 34, 10,
150, 250 50, 75M, 90" and 97" smoothed percen-
tilelines of HC-for-age were plotted separately.

RESULTS

Age and sex-specific subject distribution,
descriptive statistics of HC and HCAZ among
Karbi preschool childrenispresentedin Table 1.
The age-sex specific mean HC values were ob-
served to be significantly higher among boys
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than girls (p<0.05). The overall mean of HC val-
ueswas observed to be higher in boys (48.46+2.0
cm) thanthegirls (45.71+2.08 cm) (p<0.01). The
age-specific mean HCAZ was observed to be
significantly lower among girls. ThemeanHCAZ
valuesranged from -1.07 to -1.65 (in boys) and
-1.66 to -2.11 (in girls) aged 1 to 5 years. The
overall mean HCAZ wassignificantly higherin
boys (-1.52+0.98) than girls(-1.92+1.12) (p<0.05).
The age-sex specific mean HC valueswere sig-
nificantly increasing with age among Karbi pre-
school children. The higher increase of HC was
observed in 2 years in both boys (4.01%) and
girls (5.50%) and lower increase was observed
in4yearsin boys(0.44%) and girls (0.83%). The
overall age-specific mean differences were ob-
served to be statistically significant in HC and
HCAZ among boys (F-value=61.32, p<0.01; F-
value=2.54, p<0.05) and girls (F-value=64.03,
p<0.01; F-value=2.98, p<0.05). The sex-specific
mean differences anthropometric measures of
HC (F=37.41, d.f., 1, 489; p<0.01) and HCAZ
(F=17.29, d.f., 1, 489; p<0.01) wasobserved to be
statistically significant among boys and girls
using ANOVA (p<0.05).

The age and sex-specific mean HC values of
Karbi preschool children were compared with
different percentiles of WHO (2007) growth ref-
erence to assess the physical growth attain-
mentsispresented in Figure 1. Theoverall com-
parison showed that children were observed to
be <15" percentile of growth references, but the
exceptions were observed in 5 years (in boys)
and 3-5 years (in girls), whereas mean values
were <5 percentile of the growth reference
(WHO2007) (Fig. 1). Theage-sex specific smooth
percentile curves were also derived for further
evaluation of physical growth pattern and nutri-
tional status using the LMS procedure for HC

Table 1: Age and sex specific descriptive statistics of the head circumference and head circumference
for age Z-score (HCAZ) among Karbi pre-school children

Age (years) Sample HC (cm) HCAZ
Boys Girls Boys Girls Boys Girls

1 43 46 44,41+1.43 42.95+1.62 1.65+0.96 -2.06+1.12
2 47 70 46.19+1.12 45.31+1.63 1.62+0.78 -1.68+1.23
3 37 54 47.22+1.67 46.02+1.43 1.67+£1.19 -2.11+1.12
4 38 54 48.21+1.24 46.40+1.38 1.07+0.98 -2.19+1.02
5 46 55 48.42+1.39 47.56+1.41 1.54+0.93 -1.66+1.00
Total 211 279 48.86+2.01 45.71+2.08 -1.52+0.98 -1.92+1.12
F-value 61.32"" 64.03" 2.54° 2.98

“p<0.05; ""p<0.01
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among the Karbi preschool children and are
showninFigure?2.

Prevalence of Undernutrition
(Low HC-for-Age) among Children

The overall (age-sex combined) prevalence
of undernutrition (<-2 Z-score) using HC was
observed to be 46.12 percent. The sex-specific
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Fig. 2. Age-sex specific L, M, S reference curve of
HC (cm) among Karbi pre-school children of Assam

prevalence was observed to be higher among
girls(49.10%) than the boys (42.18%) (Table 2).
The age and sex-specific prevalence of severe
grades (11.63%) of undernutrition was observed
to be lower than moderate grades (34.49%)

Table 2: Age and sex- specific prevalence of undernutrition using head circumference among Karbi

pre-school children

Age Sample Severe Moderate Undernutrition
(years) (<-3 Z-score) (-3 to <-2 Z-score) (<-2 Z-score)
Boys Girls Boys Girls Boys Girls Boys Girls

1 43 46 3 (6.98) 8(17.39) 17 (39.53) 16 (34.78) 20 (46.51) 24 (52.17)
2 47 70 1 (2.13) 7 (10.00) 23 (48.94) 24 (34.29) 24 (51.06) 31 (44.28)
3 37 54 6(16.22) 12 (22.22) 11 (29.73) 18 (33.33) 17 (45.94) 30 (55.56)
4 38 54 1 (2.63) 12 (22.22) 8 (21.05) 15 (27.78) 9 (23.68) 27 (50.00)
5 46 55 3 (6.52) 4 (7.27) 16 (34.78) 21 (38.18) 19 (41.30) 25 (45.45)
Total 211 279 14 (6.64) 43 (15.41) 75 (35.54) 94 (33.69) 89 (42.18) 137 (49.10)

Values in parenthesis indicate percentages
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among preschool children. Age-specific trend
inthe prevalence of undernutrition in both mod-
erate and severe categories were absent in both
sexes, but the magnitude was greater among
children aged 1-3 yearsand 5 years (girls). The
overall prevalence of moderate undernutrition
was found to be 35.54 percent (in boys) and
0irls(33.69%). Similarly, thegirls (15.41%) were
observed to be more undernourished than boys
(6.63%) in severegradesof undernutrition (<0.05).
The sex-specific overall undernutrition (<-2SD
Z-score) wasinvariably higher among girlsthan
boys (p>0.05). The sex-specific differencesin
the prevalence of undernutrition were found to
be statistically not significant in moderate
(x3=0.05, d.f., 1; p>0.05) and overall (%2 =0.86,
d.f., 1; p>0.05), except severe grades (y? =7.22,
d.f., 1; p<0.01) of undernutrition using %2 analy-
sis. The sex-specific differences in the preva-
lence of different grades (that is, moderate and
severe) of undernutrition was observed to be
statistically not significant among boysand girls
using y?-analysis(p>0.05).

DISCUSSION

The HC-for-age is being considered as an
important anthropometric measure of physical
growth, devel opment and powerful predictor of
brain volume and used to assess the magnitude
of undernutrition, physical growth pattern and
brain development/size among preschool chil-
dren (Anzo et al. 2002; Singh and Grover 2003;
Joffe et al. 2005; Singh and Bisnoi 2005; Zaki et
al. 2008; Sukanyaet al. 2014; Tiggaet al. 2016;
Tiwari etal. 2017; Giri et a. 2018; Yeasmin and
Yeasmin 2018). Several researchers have used
HC to relate the physical examination, brain de-
velopment, cognitive impairments, early diag-
nosis of neurological and genetic disorders in
preschool children (Lindley et a. 1999; Singh
and Grover 2003; Leeet a. 2010; Leviton et al.
2010; Talebian et al. 2013; Guellec et al. 2015;
Senbanjo et a. 2016; Tiwari et a. 2017) and also
the association of HC with the reduced intellec-
tual capacity, future performance and achieve-
ments among preschool children (Oyedeji et al.
1997; LeivaPlazaet a. 2001; Gale et al. 2004,
Ivanovic et al. 2004). Moreover, the HC/brain
development is very rapid during early stages
and reaches approximately 90 percent of the
adult size at the age of 3 years (Huelke 1998;
Savageet al. 1999), thus, for apparently normal
growing children, routine follow-up (for exam-
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ple HC-for-age) isconsidered to beimportant in
identifying the early risks of poor physical growth
attainment, devel opment or any neurological dis-
orders in preschool children. The adequate
growth attainments with respect to the growth
references during early childhood (<5 years) is
the most important factor for both physical and
mental/cognitive development, therefore, poor
devel opment of the brain size/volume may lead
to poor intellectual capacity and thus making
the child less productive (Donma and Donma
1997; lvanovic et al. 2000; Galeet al. 2004; Guel-
lecetal. 2015; Tiwari et al. 2017). Several studies
have recommended the age-sex specific popula
tion/ethnic references to assess the physical
growth and nutritional status among preschool
children using HC (Zaki et a. 2008; Rollinset al.
2010; Elmdli et al. 2012; Jiliusson et al. 2013; Xie
etal. 2014; Amareet a. 2015; Neyzi et al. 2015).
Theresults of the present investigation showed
sexual dimorphisminHC among Karbi preschool
children. The age and sex-specific mean values
of HC were observed to be significantly higher
in boys than girls (p<0.01) (Table 1). It is be-
lieved that sexual dimorphism in HC emerges
largely during postnatal period and increases
throughout maturation processes, particularly
in humans who reach to the adult dimorphism
(Joffeet al. 2005). Several studieshave reported
sexual dimorphismin HC among preschool chil-
dren and sex-specific mean HC valueswere sig-
nificantly (p<0.05) higher among boysthan girls
(Oyedgi et . 1997; Singh and Grover 2003; Jof-
feetal. 2005; Zaki et a. 2008; Mandal et a. 2010;
Tiggaet a. 2015). Further, the age-specific mean
HC valuesweresignificantly increased with age
among boysand girls(p<0.05) (Tablel). Sever-
a research studies have reported similar age-
related effect on HC among preschool children
(Bartholomeusz et al. 2002; Senbanjo et a. 2016).
The age and sex-specific mean HC values of
Karbi preschool children were compared with
different age and sex-specific HC reference per-
centiles of WHO (2007) and showed that chil-
dren were observed to be <15" percentile of
growth references in both boys and girls, but
exceptions were observed in 5 years (in boys)
and 3-5years(in girls), where mean valueswere
<5 percentile of the growth reference (Fig. 1).
Several researchers have reported the poor
growth attainment of physical growth (that is,
HC) compared to the growth references/normal



PREVALENCE OF UNDERNUTRITION USING HEAD CIRCUMFERENCE 13

counterparts including Indian preschool chil-
dren (Oyedgii et al. 1997; Singh and Grover 2003,
Singh and Bisnoi 2005; Tiggaet a. 2016).

The magnitude of undernutrition was ob-
served to be greater among girls than boys us-
ing different conventional anthropometric mea-
sures in India (Bose et a. 2007; Mondal and
Sen. 2010; Sen and Mondal 2012; Tigga et a.
2015; Bharali and Mondal 2018; Debnath et a.
2018). The sex-specific overall prevalence of
moderate undernutrition (Z-score <-2to -3) was
observed to be higher among boys than girls
(35.54% vs. 33.69%; p>0.05), but the reverse
trend was noticed in severe undernutrition (Z-
score <-3) where girls were more affected than
the boys (15.41% vs. 6.64%) among preschool
children (p<0.05) (Table2). The sex-specific prev-
alence of low HC-for-age (<-2SD) was observed
to be higher among girls (49.10%) than boys
(42.18%) (p>0.05). The sex-specific comparison
with different research investigation have
showed that girls were nutritionally vulnerable
in undernutrition (low HC-for-age) than boysin
India(Mandal and Bose 2010; Maiti et al. 2012;
Tiggaet a. 2016; Giri et al. 2018) (Table 3). Man-
dal and Bose (2010) reported high preval ence of
low HC-for-age (boys: 64.90%; girls: 62.80%)
among rural preschool children of Hooghly dis-
trict of West Bengal. A significantly lower prev-
alence of low HC-for-age (p<0.05) wasreported
among Bengal ee preschool boys of Midnapore,
West Bengal (boys: 19.20%; girls. 22.60%) (Maiti
et a. 2012) (p<0.05). Recently, asimilar study
has reported that the sex-specific prevalence of
undernutrition (that is, low HC-for-age) wassig-
nificantly higher among girls (42.12%) than boys
(28.33%) in Sagar |sland, West Bengal (p<0.05)
(Giri etal. 2018) (Table 3). However, Sukanyaet
al. (2014) intheir study reported that boyswere
more affected in low HC-for-age (<-2SD) than
girls(boys: 37.03%; girls: 28.23%) among urban
slums preschool children of Karnataka. Similar-
ly, the high prevalence of moderate (boys:

33.3%; girls. 30.0%) and severe (boys. 6.3%; girls:
13.5%) undernourishment reported among Bang-
ladeshi children (Yeasmin and Yeasmin 2018).
The results of the present research investiga-
tion showed that the magnitude of undernutri-
tion (that is, low HC-for-age) was greater in the
age-group of 1-3 years and 5 years than their
older counterpartsamong Karbi preschool chil-
dren (Table 2). The prevalence of undernutrition
was observed to be higher among 5 years and
lower among 4 years aged pre-school children.
Similarly, age-specific trend in the preval ence of
low HC-for-agewerereported among urban um
preschool children of Karnataka (Sukanyaet al.
2014), Bengalee preschool children of Mid-
napore, West Bengal (Maiti et al. 2012) and rural
preschool children of Darjeeling, West Bengal
(Tiggaet a. 2016). Moreover, the unsatisfactory
attainment of physical growth pattern as com-
pared to the growth references and high preva-
lence of undernutrition (that is, low HC-for-age)
among Karbi preschool children may be attrib-
uted to the fact that the children areresiding in
rural regions, especially the tribal populations
have poor or inadequate access of healthcare
facilities, lack of healthcare during early stage of
physical growth (that is, infancy and childhood),
high illiteracy and socio-economic disparities,
inadequate nutrition, poverty, lack of adequate
dietary knowledge, maternal education, disease
and environment (Ball and Pust 1993; Singh and
Grover 2003; Singh and Bisnoi 2005; Mondal
and Sen 2010; Bocca-Tjeertes et al. 2011; Sen
and Mondal 2012; Tiggaet a. 2015; Bharali and
Mondal 2018; Debnath et al. 2018).

CONCLUSION

The prevalence of undernutrition (low HC-
for-age) isfound to a persistent health problem
among the Karbi preschool children. The girls
were severely undernourished than boys in the
studied population which might be the cause of

Table 3: Comparison of overall undernutrition (low HC-for-age) among pre-school children (<5 years)

in India
Population Area Sample  Boys Girls  Total References

(%) %) (%)
ICDS Children 24 Parganas, West Bengal 656 28.84 42.12 35.52 Giri et a. 2018
Rural Children Darjeeling, West Bengal 477 53.16 58.16 52.62 Tigga et a. 2016
Pre-school Karnataka, Bangalkot 166 37.03 28.23 32.53 Sukanya et al. 2014
Bengalee Children Midnapore, West Bengal 1060 19.20 22.60 20.75 Maiti et al. 2012
ICDS Children Hooghly, West Bengal 894 62.80 64.90 63.80 Mandal and Bose 2010
Karbi Children Karbi Anglong, Assam 490 42.18 49.10 46.12 Present Study
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sex/gender related effect or cultural preferences
in population, suggesting a need for better
health intervention strategy to ameliorate the
nutritional status. Moreover, the greater preva-
lence of undernourishment may adversely af-
fect the brain development by reducing head
size causing irreversible and permanent effects
on brain and hampering their cognitive and in-
tellectual potentialsinfuturelife. Therefore, the
regular monitoring of physical growth pattern
providesthe early detection of any poor growth
attainment or retardation, reduce the risk of
growth disorders, neurological problemsand un-
dernutrition among preschool children by pro-
viding the appropriateintervention and manage-
ment. The finding calls for the formulation of
appropriate health management and interven-
tion strategies, and/or to evaluate the efficacy
of ongoing intervention progamme to improve
the overall nutritional status of the pre-school
children.

RECOMMENDATIONS

1. The present investigation recommends
the HC-for-age as ameasure to assess the prev-
alence of physical growth pattern and undernu-
trition status due to its non-invasive, inexpen-
sive and easy-to-use nature in epidemiological
and clinical investigations over more commonly
used conventional anthropometric measures (that
is, height-for-age, weight-for-age and weight-for-
height) of undernutrition among preschool chil-
dren. Nutritional assessment studies are neces-
sary to evaluate and document the overall mag-
nitude and compare the undernourishment using
HC-for-age among different vulnerable ethnic
populationsin India. Moreover, the early detec-
tion of undernutrition will reducetherelative nu-
tritional risks, poor physical growth attainments
and disease burden among preschool children.
Hence, the ethnic/popul ation specific HC-for-age
growth references are necessary to assess the
unsatisfactory physical growth attainment and
undernutrition/nutritional risks.

2. The results of the present investigation
showed that a high prevalence of undernour-
ishment (low HC-for-age) among preschool chil-
dren. Therefore, a comprehensive intervention
programme related to the supplementary bal-
anced diet and micronutrient-rich or protective
foods are necessary to improve the existing nu-
tritional status in the population. A multi-dis-
ciplinary health camp offering comprehensive
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health-carefacilitiesinclude varied medical ser-
vice should be organized at regular intervalsin
the population/community levels. These camps
should include paediatricians, dieticians and
nutritionistsand counsellor to provide free med-
ical diagnosis, medicines, counselling and man-
agement to prevent timely physical growth risks
and nutritional deficiencies due to infections,
diseases and faulty feeding practices.

3. Efforts should be madeto organise health-
awareness camps by the Government and non-
government agencies to disseminate the knowl-
edgerelated to nutritional requirements, appro-
priate feeding and dietary consumptions, health
and hygiene practices, physical growth and nu-
tritional risks, during the infancy, early child-
hood and pregnancy periods among the par-
ents/'women to prevent the relative risk of un-
dernutrition and poor intra-uterine growth retar-
dations. Moreover, creating appropriate nutri-
tional and health-related awarenesswill help to
improvethe better quality of lifeamong the pre-
school children.

ACKNOWLEDGEMENT

The authors gratefully acknowledged the
help and co-operation of people of the studied
areaand participants for successful completion
of theresearch investigation. The extended help
of Department of Anthropol ogy, Assam Univer-
sity (Diphu Campus) is also acknowledged.

REFERENCES

Amare EB, Idsge M, Wiksnes M, Moss T, Roelants M,
Shimelis D, Jdliusson PB, Kiserud T, Wester K 2015.
Reference ranges for head circumference in Ethio-
pian children 0-2 years of age. World Neurosurg,
84(6):1566-1571.

Anzo M, Takahashi T, Sato S, Matsuo N 2002. The
cross-sectional head circumference growth curves
for Japanese from birth to 18 years of age: The
1990 and 1992-1994 national survey data. Ann Hum
Bio, 29(4): 373-388.

Ball TM, Pust RE 1993. Arm circumference v. arm
circumference/head circumference ratio in the as-
sessment of malnutrition in rural Malawian children.
J Trop Pediatre, 39(5): 298-303.

Bartholomeusz HH, Courchesne E, Karns CM 2002.
Relationship between head circumference and brain
volume in healthy normal toddlers, children, and
adults. Neuropediatr, 33(5): 239-241.

Bharali N, Mondal N 2018. Socio-economic correlates
and prevalence of undernutrition among Nyishi trib-
al pre-school children of Northeast India. South
Asian Anthropol, 18(1): 47-57.

Bocca-Tjeertes IF, Kerstjens M, Reijneveld SA, de Win-
ter AF, Bos AF 2011. Growth and predictors of growth



PREVALENCE OF UNDERNUTRITION USING HEAD CIRCUMFERENCE 15

restraint in moderately preterm children aged 0 to 4
years. Pediatrics, 128(5):€1187-1194. doi: 10.1542/
peds.2010-3781.

Bose K, Biswas S, Bisai S, Ganguli S, Khatun A, Mukho-
padhyay A, Bhadra M 2007. Stunting, underweight
and wasting among Integrated Child Development
Services (ICDS) scheme children aged 3-5 years of
Chapra, Nadia District, West Bengal, India. Mat
Child Nutr, 3(3): 216-221.

Cole TJ, Freeman JV, Preece MA 1998. British 1990
growth reference centiles for weight, height, body
mass index and head circumference fitted by maxi-
mum penalized likelihood. Stat Med, 17(4): 407-
429.

Cole TJ, Green PJ 1992. Smoothing reference centile
curves: the LMS method and penalized likelihood.
Stat Med, 11(10): 1305-1319.

Cornelio-Nieto JO 2007. The effect of PEM on the
central nervous system in children. Rev Neurol,
44(2): S571-S574.

Debnath S, Mondal N, Sen J 2018. Socio-economic and
demographic correlates of stunting and thinness
among rural school-going children (aged 5-12 years)
of North Bengal, Eastern India. J Life Sci, 10(2):
14-31.

Donma MM, Donma O 1997. The influence of feeding
patterns on head circumference among Turkish in-
fants during the first 6 months of life. Brain Dey,
19(6): 393-397.

Elmali F, Altunay C, Mazicioglu MM, Kondolot M,
Ozturk A, Kurtoglu S 2012. Head circumference
growth reference charts for Turkish children aged O-
84 months. Pediatr Neurol, 46(5): 307-311.

Gae CR, O'Callaghan FJ, Godfrey KM, Law CM, Martyn
CN 2004. Critical periods of brain growth and cogni-
tive function in children. Brain, 127(2): 321-329.

Geraedts EJ, van Dommelen B, Caliebe J, Visser R, Ranke
MB, van Buuren S, Wit JM, Oostdijk W 2011. Asso-
ciation between head circumference and body size.
Horm Res Paediatr, 75(3): 213-219.

Giri SP, Biswas S, Bose K 2018. Head circumference
based nutritional status of rural Bengalee preschool
children from Sagar Island, West Bengal, India. Man-
kind Quarterly, 58(4): 599-610.

Guellec I, Marret S, Baud O, Cambonie G, Lapillonne A,
Roze JC, Fresson J, Flamant C, Charkaluk ML, Ar-
naud C, Ancel PY 2015. Intrauterine growth restric-
tion, head size at birth, and outcome in very preterm
infants. J Pediatr, 167(5): 975-981.

Hall JG, Allanson JE, Gripp KW, Slavotinek AM 2007.
Handbook of Physical Measurements. New York:
Oxford University Press.

Huelke DF 1998. An overview of anatomical consider-
ations of infants and children in the adult world of
automobile safety design. Annu Proc Assoc Adv Au-
tomot Med, 42(1): 93-113.

lvanovic DM, Leiva BP, Perez HT, Inzunza NB, Almag-
ia AF, Toro TD, Urrutia MS, Cervilla JO, Bosch EO
2000. Long-term effects of severe undernutrition
during the first year of life on brain development and
learning in Chilean high-school graduates. Nutrition,
6(11-12): 1056-1063.

Ivanovic DM, Leiva BP, Pérez HT, Olivares MG, Diaz
NS, Urrutia MS, Almagia AF, Toro TD, Miller PT,
Bosch EO, Larrain CG 2004. Head size and intelli-

gence, learning, nutritional status and brain develop-
ment: Head, |Q, learning, nutrition and brain. Neu-
ropsych, 42(8): 1118-1131.

Joffe TH, Tarantal AF, Rice K, Leland M, Oerke AK,
Rodeck C, Geary M, Hindmarsh P, Wells JC, Aiello
LC 2005. Fetal and infant head circumference sexual
dimorphism in primates. Am J Phys Anthropol,
126(1): 97-110.

Jlliusson PB, Roelants M, Nordal E, Furevik L, Eide GE,
Moster D, Hauspie R, Bjerknes R 2013. Growth refer-
ences for 0-19 year-old Norwegian children for length/
height, weight, body mass index and head circumfer-
ence. Ann Hum Biol, 40(3): 220-227.

Karabiber H, Durmaz Y, Yakinci C, Kutlu O, Gumusaan
Y, Yologlu S, Yalaz K 2001. Head circumference mea-
surement of urban children aged between 6 and 12 in
Malatya, Turkey. Brain Dev, 23(8): 801-804.

Kumar V, Basu D, Reddy BM 2004. Genetic heterogene-
ity in northeastern India: Reflection of Tribe-Caste
continuum in the genetic structure. Am J Hum Biol,
16(3): 334-345.

Laron Z, lluz M, Kauli R 2012. Head circumference in
untreated and IGF-| treated patients with Laron syn-
drome: Comparison with untreated and hGH-treated
children with isolated growth hormone deficiency.
Growth Horm IGF Res, 22(2): 49-52.

Lee KS, Cheong HK, Eom JS, Jung HS, Oh BH, Hong CH
2010. Cognitive decline is associated with nutritional
risk in subjects with small head circumference (HC).
Arch Gerontol Geriatr, 51(1): 105-109.

Leiva Plaza B, Inzunza Brito N, Pérez Torrgjon H, Cas-
tro Gloor V, Jansana Medina JM, Toro Diaz T, Almag-
i& Flores A, Navarro Diaz A, UrrutiaCéceres MS, Cer-
villaOltremari J, lvanovic MD 2001. The impact of
malnutrition on brain development, intelligence and
school work performance. Arch Latinoam Nutr,
51(1): 64-71.

Leviton A, Kuban K, Allred EN, Hecht JL, Onderdonk
A, O’'Shea TM, McElrath T, Paneth N 2010. EL-
GAN Study Investigators: Antenatal antecedents of
a small head circumference at age 24-months post-
term equivalent in a sample of infants born before
the 28" post-menstrual week. Early Hum Dev, 86(8):
515-521.

Lindley AA, Benson JE, Grimes C, Cole TM, Herman
AA 1999. The relationship in neonates between clin-
ically measured head circumference and brain vol-
ume estimated from head CT-scans. Early Hum Dey,
56(1): 17-29.

Lwanga SK, Lemeshow S 1991. Sample Size Determi-
nation in Health Studies: A Practical Manual. Gene-
va: World Health Organization. From <http://www.
who.int/iris/handle/10665/40062> (Retrieved on 12
June 2016).

Maiti S, Ali KM, Ghosh D, Paul S 2012. Assessment of
head circumference among pre-school children of
Midnapore town, west Bengal using WHO (2007)
recommended cut-off points. Int J Prev Med, 3(10):
742-744.

Mandal GC, Bose K 2010. Undernutrition among the
rural preschool children (ICDS) of Arambag, Hoogh-
ly district, West Bengal, India, using new head cir-
cumference cut-off points. Inte J Curr Res, 10(11):
7-11.

Martini M, Klausing A, Lichters G, Heim N, Messing-
Jinger M 2018. Head circumference - a useful single



16

parameter for skull volume development in cranial
growth analysis? Head Face Med, 14(1):3. doi:
10.1186/s13005-017-0159-8.

Mondal N, Sen J 2010. Prevalence of undernutrition
among children (5-12 years) belonging to three com-
munities residing in a similar habitat in North Ben-
gal, India. Ann Hum Biol, 37(2): 198-216.

Nandy S, Irving M, Gordon D, Subramanian SV, Smith
GD 2005. Poverty, child undernutrition and morbid-
ity: New evidence from India. Bull World Health
Organ, 83(3): 210-216.

Neyzi O, Bundak R, Gokcay G, Gundz H, Furman A,
Darendeliler F, Ba® F 2015. Reference values for
weight, height, head circumference, and body mass
index in Turkish children. J Clin Res Pediatr Endo-
crinol, 7(4): 280-293.

Oyedgji GA, Olamijulo SK, Osinaike Al, Esimai VC, Odu-
nus, EO, Aladekomo TA 1997. Head circumference of
rural Nigerian children-the effect of malnutrition on
brain growth. Cent Afr J Med, 43(9): 264-268.

Portaluppi F, Smolensky MH, Touitou Y 2010. Ethics
and methods for biological rhythm research on ani-
mals and human beings. Chronobiol Int, 27:1911-1929.

Rollins JD, Coallins JS, Holden KR 2010. United States
head circumference growth reference charts: Birth
to 21 years. J Padiatr, 156(6): 907-913.

Savage SA, Reilly JJ, Edwards CA, Durnin, JV 1999.
Adequacy of standards for assessment of growth and
nutritional status in infancy and early childhood.
Arch Dis Child, 80(2): 121°124.

Sen J, Mondal N 2012. Socio-economic and demo-
graphic factors affecting the Composite Index of
Anthropometric Failure (CIAF). Ann Hum Biol,
39(2): 129-136.

Senbanjo 10, Oshikoya KA, Salisu M, Diaku-Akinwumi
IN 2016. Head circumference of children with sickle cell
disease in Lagos, Nigeria. Pan Afr Med J, 13(25): 4. doi:
10.11604/pam;j.2016.25.4.8030. eCollection 2016.

Singh |, Grover K 2003. Nutritional profile of urban
pre-school children of Punjab. Anthropologist, 5(3):
149-153.

Singh S, Bisnoi | 2005. Trend of growth in mid-arm
circumference and head circumference of preschool
female children of Faizabad District, U.P. Indian J
Prev Soc Med, 36(3-4): 143-146.

Sukanya BV, Baragundi MC, Surekharani CS, Shailaja P,
Gadwal R 2014. Assessment of nutritional status of

JYOTISMITA SHARMA AND NITISH MONDAL

preschool children using head circumference. Int J
Curr Med App Sci, 4(3): 72-75.

Talebian A, Soltani B, Moravveji A, Salamati L, Da-
vami M 2013. A study on causes and types of abnor-
mal increase in infants’ head circumference in Kas-
han/lran. Iran J Child Neurol, 7(3): 28-33.

Tigga PL, Mondal N, Sen J 2016. Head circumference
as an indicator of undernutrition among tribal pre-
school children aged 2-5 years of North Bengal, In-
dia Hum Biol Rev, 5(1): 17-33.

Tigga PL, Sen J, Mondal N 2015. Association of some
socio-economic and sociodemographic variables with
wasting among pre-school children of North Bengal,
India. Ethiop J Health Sci, 25(1): 63-72.

Tiwari K, Goyal S, Mdvia S, Sanadhya A, Suman RL, Jain
R 2017. Impact of malnutrition on head size and devel-
opment quotient. Int J Res Med <ci, 5(7): 3003-3006.

Touitou Y, Portaluppi F, Smolensky MH, Rensing L
2004. Ethical principles and standards for the con-
duct of human and animal biological rhythm research.
Chronobiol Int, 21(1): 161-170.

Ulijaszek SJ, Kerr DA 1999. Anthropometric measure-
ment error and the assessment of nutritional status.
Br J Nutr, 82(3): 165-177.

World Health Organization (WHO) Child Growth Stan-
dards 2007. Head Circumference-for-age, Arm Cir-
cumference-for-age, Triceps Skinfold-for-age and
Subscapular Skinfold-for-age. Methods and Devel-
opment. Geneva: World Health Organization.

World Health Organization (WHO) 1995. Physical Sta-
tus: The Use and Interpretation of Anthropometry.
Technical Report Series No. 854. Geneva: World
Health Organization.

Xie S, shi J, Wang J, Li N, Yang S, Zhang J 2014. Head
circumference growth reference charts of children
younger than 7 years in Chinese rural areas. Pediatr
Neurol, 51(6): 814-819.

Yeasmin K, Yeasmin T 2018. Assessment of nutrition-
al status of preschool children: Head circumference
and other anthropometric indices. Bangladesh Med
Res Counc Bull, 44(3): 152-159.

Zaki ME, Hassan NE, El-Masry SA 2008. Head circum-
ference reference data for Egyptian children and
adolescents. East Mediterr Health J, 14(1): 69-81.

Paper received for publication on September 2018
Paper accepted for publication on March 2019



