
Socio-economic and Demographic Correlates of Stunting and
Thinness among Rural School-going Children (Aged 5-12 Years)

of North Bengal, Eastern India
Sampriti Debnath1, Nitish Mondal2 and Jaydip Sen3

1,3Department of Anthropology, University of North Bengal, Darjeeling 734 013,
West Bengal, India

2Department of Anthropology, Assam University, Diphu Campus, Karbi Anglong 782 462,
Assam, India

KEYWORDS Anthropometry. Body Mass Index. Child Health. Public Health. Undernutrition

ABSTRACT Prevalence of stunting and thinness and their associations with socio-economic and demographic
variables were assessed among 619 boys and 643 girls aged 5-12 years residing in Phansidewa block of Darjeeling
district, West Bengal, India. Age-gender specific z-scores were calculated to assess stunting and thinness using Anthro
Plus. Statistical analyses (descriptive statistics, t-test, ANOVA, Chi-square analysis and binary logistic regression,
step-wise multiple logistic regression) were done using SPSS. Overall prevalence of stunting and thinness were 31.8
percent and 27.7 percent, respectively. Prevalence of stunting was lower among boys (31.3%) than girls (32.2%).
Thinness was significantly higher among boys (31.0%) than girls (24.4%). Binary logistic regression analysis showed
that age, number of sibs and mothers’ occupation were significantly associated with stunting. Gender (boys), age,
number of sibs, birth order, mothers’ occupation and number of income heads of the family had shown a significant
association with thinness. Step-wise multiple logistic regression analysis also showed significant association with age,
number of sibs and mothers’ occupation (in stunting) and gender and age (in thinness) (p<0.05).
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INTRODUCTION

Nutritional issues have been greatly elevat-
ed on the global development agenda and have
been committed in reducing prevalence of un-
dernutrition especially among the vulnerable
segments of a population (that is, children and
women).  Undernutrition undoubtedly is a seri-
ous public health challenge in many of the de-
veloping countries including India (Nandy et al.
2005; Bhargava et al. 2015; Kromeyer-Hauschild
et al. 2016; Madrid and Traisci-Marandola 2016).
Child undernutrition is acknowledged to play a
major role in premature mortality and morbidity
of millions of children in the developing coun-
tries. Even if it does not cause death, it accounts
for several vulnerable infections and diseases,
blighting the lives of millions of children (Nandy
and Miranda 2008; Black et al. 2013). Child un-

dernutrition is estimated to be the largest con-
tributor to global burden of disease, killing mil-
lions of children in the developing countries and
causing heavy health expenditures (Black et al.
2003; Lenoir-Wijnkoop et al. 2013). The preva-
lence of undernutrition was estimated to be im-
plicated in 45.0 percent of all deaths among chil-
dren <5 years (Black et al. 2013) and India ac-
counted for 38.0 percent of the global burden
due to stunting (low height-for-age) (nearly 62
million children) (UNICEF 2013). It has been es-
timated that approximately two-thirds of the
world’s malnourished children live in Asia, giv-
ing that region the highest concentration of
worldwide childhood undernutrition (Ram-
achandran 2014; UNICEF/WHO 2016). India
continues to have unacceptably high rates of
undernutrition (Ramachandran 2014) and has the
highest occurrence of childhood undernutrition
in the world with more than half of Indian chil-
dren remaining undernourished. The prevalence
of childhood undernutrition remains persistent-
ly high in India (Khor 2008; Ramachandran 2014;
Corsi et al. 2015; Smith and Haddad 2015; Aguayo
et al. 2016; Ali et al. 2016; Dhok and Thakre 2016;
Saxton et al. 2016; Mandal 2017; Patil et al. 2017).

Significant economic developments have
taken place in India but child undernutrition
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(>40.0%) still remains a major public health prob-
lem in the country (Ramachandran 2014). Wide-
spread poverty and poor socio-economic con-
ditions are considered to be the two main under-
lying causes for the high rate of child undernu-
trition (Antony and Laxmaiah 2008; Khor 2008;
Ahmed et al. 2012; Ramachandran 2014). It has
been estimated that more than half of the chil-
dren in the country remain undernourished and
also that the country has shown the highest
occurrence of global child undernutrition (Khor
2008; Antony and Laxmaiah 2008; Ahmed et al.
2012). Moreover, studies have reported gender
discrimination against the female child, that is,
that they were more nutritionally more vulnera-
ble than boys (Bose et al. 2007; Mondal and Sen
2010; Sen and Mondal 2012; Tigga et al. 2015a,b;
Aurino 2017; Pal and Bose 2017). Child under-
nutrition is also influenced by several socio-eco-
nomic and demographic variables such as age,
gender, birth order, family size, number of sib-
lings, mother’s age at childbirth, residence, fam-
ily income and sanitation (Mahgoub et al. 2006;
Som et al. 2007; Mondal and Sen 2010; Ahmed et
al. 2012; Sen and Mondal 2012; Mondal et al.
2015a; Tigga et al. 2015a; Zhang et al. 2015; Reng-
ma et al. 2016; Huda et al. 2017; Meshram et al.
2017; Sinha et al. 2017). Studies have also re-
vealed wide socio-economic differences in rates
of morbidity and mortality among children
(Nandy et al. 2005; Kismul et al. 2015; Goudet et
al. 2016; Mohsena et al. 2016; Kumar et al. 2017).

Anthropometric measures are still consid-
ered to be the reliable non-invasive, inexpen-
sive and widely accepted technique to assess
child undernutrition. The measures mostly com-
prise of height, weight and  skin-fold thickness
measurements (WHO 1995; Hall et al. 2007). The
most commonly used conventional anthropo-
metric measures are stunting, underweight, wast-
ing (low weight-for-height) and thinness {low
body mass index (BMI)-for-age}(WHO 1995,
2007; Nandy et al. 2005; Mondal and Sen 2010;
Sen and Mondal 2012). When a vast segment of
the population remains undernourished and
underprivileged, studies on prevalence of child
undernutrition remain important for both inter-
national and national comparisons. The effects
of different socio-economic, demographic and
lifestyle factors on undernutrition also need to
be reported. Special attentions are required on
inequalities in health status during the early

years of life as these are likely to perpetuate in-
equality among these future adults.

Objectives

With these above-mentioned issues in mind,
the present investigation was carried out with
the following objectives:

1. To determine prevalence of stunting and
thinness among rural school-going chil-
dren aged between 5-12 years of Darjeel-
ing district of West Bengal, India.

2. To ascertain possible associations of cer-
tain socio-economic, demographic and lif-
estyle variables on the prevalence of
stunting and thinness.

METHODOLOGY

The present cross-sectional investigation
was carried out among 1262 school going chil-
dren (boys: 619; girls: 643) aged 5-12 years re-
siding in rural areas of Phansidewa Block of the
district of Darjeeling, West Bengal, located in
the eastern part of India. This region is popular-
ly known as North Bengal and constitutes the
districts of Darjeeling, Jalpaiguri, Koch Behar,
Kalimpong, Alipurduar, North Dinajpur, South
Dinajpur and Malda. The Phansidewa Block (Lat-
itude 26º34´59´´ N, Longitude 88º22´00´´ E) is sit-
uated near the Indo-Bangladesh border and ~35–
40 km from the sub-divisional town of Siliguri. It
covers an area of 308.65 km2. According to the
National Census of 2011, the block has a total
population of 1,71,508 individuals (males: 87,945;
females: 83,563) with the literacy rate of 41.6 per-
cent (males: 51.9%; females: 30.8%). The resi-
dents of Phansidewa block have access to all
the basic amenities, such as hospitals, schools,
markets, post office and government offices
(Mondal and Sen 2010; Sen and Mondal 2013).
Children who participated in this investigation
were enrolled in 12 primary schools located un-
der three Gram Panchayats (a village level local
governing authority) viz., Phansidewa Gram Pan-
chayat, Liusipakuri Gram Panchayat and Chathat
Gram Panchayat.

The schools were identified based on the
following two criteria:

1. Student strength of at least 120 students
per class so that the minimum sample size
could be covered
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2. The schools were based on convenience
and easy road accessibility from the block
level town of Phansidewa

To avoid possible sampling bias, schools
having poor students’ strength, low school at-
tendance and located in very remote locations
were excluded. Finally, twelve primary schools
were selected and data for the present investi-
gation was recorded from students studying in
those schools. The children were selected us-
ing a stratified random sampling method. The
dates of birth of the children were collected from
their birth certificates issued by the Government.
A total of 1312 children (boys: 650; girls: 660)
aged 5-12 years were identified and approached.
Of these, 50 children (boys: 31; girls: 19) were
excluded because their dates of birth were either
not available in the school records and/or were
not in the age group selected. Parents of the
children were informed about the objectives of
the present investigation and a verbal consent
was obtained prior to data collection. Participa-
tion was purely voluntary. The fieldwork was
conducted in accordance with the ethical guide-
lines for human experiments, as laid down the
Helsinki Declaration of 2000 (Touitou et al.
2004).The children were free from any physical
deformities, previous histories of medical and
surgical episodes and not suffering from any dis-
ease at the time of data collection. The data were
collected during the period from September 2014
to September 2015.

Socio-economic, Demographic and Lifestyle
Variables

Data on age, gender, parents’ occupation and
nature of occupation, parents’ education, month-
ly family income, family size, family types, house-
conditions, electricity facility, sanitary toilet con-
dition and drinking water facilities were collect-
ed using a pre-structured schedule. The sched-
ule was filled up by interviewing the parents of
the children. The interviews were conducted by
both school and households visits. Ample care
was taken while briefing the questions to the
respondents for valid responses at the time of
data collection. A modified version of Kup-
puswamy’s socio-economic scale was used to
evaluate the socio-economic status (SES) of the
children. This scale is based on a score calculat-
ed from education, occupation and monthly in-
come (Kumar et al. 2007). The SES determination

showed that all the children belonged to lower-
middle SES.

Anthropometric Measurements Recorded

Anthropometric measurements of height and
weight were recorded using standard procedures
(Hall et al. 2007). The children were measured
with ample precision for avoiding any possible
systematic errors of anthropometric data collec-
tion (that is, instrumental or landmarks) (Harris
and Smith 2009). Intra-observer and inter-ob-
server technical errors of the measurements
(TEM) were calculated to determine the accura-
cy of the anthropometric measurement using the
standard procedure (Ulijaszek and Kerr 1999).
For calculating TEM, height and weight were
recorded from a different data set of 50 children
other than those selected for the anthropomet-
ric data collection by two of the authors (SD and
NM). The coefficient of reliability (R) of the mea-
surements was calculated for testing the reli-
ability of the measurements. Very high values of
R (>0.97) were obtained for height and weight
and these values were observed to be within the
recommended cut-off of 0.95 (Ulijaszek and Kerr
1999). Hence, the measurements recorded by SD
and NM were considered to be reliable and re-
producible. All the measurements in this present
investigation were subsequently recorded by
SD.

Assessment of Nutritional Status

The body mass index (BMI) of the children
was calculated using the following standard
equation (WHO 1995):

BMI (kg/m2) =Weight (kg)/Height2 (m2)
The assessment of nutritional status was

determined based on the anthropometric indi-
ces of stunting and thinness. To determine the
nutritional status of children, the WHO has rec-
ommended use of z-score indicators. The sever-
ity of undernutrition has been subsequently
assessed by utilizing the z-scores according to
the classification proposed by the WHO (1995,
2007). The WHO recommended AnthroPlus (ver-
sion 1.0.4) was used to calculate age-gender
specific height-for-age (HAZ) and BMI-for-age
(BMIAZ) z-score values for the assessment of
nutritional status (WHO 2007). A child with a z-
score value between <–2 to –3 SD and <–3 SD
for any indices are considered to be moderately
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and severely undernourished, respectively (Bose
et al. 2007; Chowdhury et al. 2008; Mondal and
Sen 2010). Thus, boys and girls with z-score
values of <–2 to –3 SD have been classified as
suffering from moderately stunting and thin-
ness. Those having a Z-score value of < –3 SD
have been classified as suffering from severe
stunting and thinness (WHO 1995).

Statistical Analysis

The data were statistically analyzed using
the Statistical Package for Social Sciences (SPSS,
Inc., Chicago, IL; version 17.0). The descriptive
statistical analysis of the data obtained was de-
picted in terms of mean and standard deviation
(SD). One way ANOVA has been performed to
test the age-specific mean differences in anthro-
pometric variables of the groups. Independent
sample t-test was done to assess gender differ-
ence in mean values of anthropometric variables.
Two-way ANOVA was performed to determine
effects of age and gender on the anthropometric
variables, HAZ and BMIAZ. Chi-square (χ2)
analysis was used to assess age and gender
specific differences in prevalence of undernutri-
tion. The c2-analysis was also applied to assess
differences in the nutritional indices between
different socio-economic and demographic vari-
ables. A binary logistic regression (BLR) model
was fitted to estimate the crude odds ratios (ORs)
and 95 percent confidence intervals (CIs) asso-
ciated with stunting and thinness, separately. A
step-wise multiple logistic regression analysis
(forward conditional model) analysis was also
undertaken to determine the most effective pre-
dictor variables amongst variables considered
in BLR analysis. Those variables which showed
a significant association in the BLR analysis were
tested to predict the most effective predictor
variables in the step-wise multiple logistic re-
gression analysis. The predictor variables of
gender, age, family size, number of sibs, child
birth order  fathers occupation, mothers occu-
pation (working and housewife), number of in-
come heads, monthly income, house condition,
water supply, number of living rooms, ethnic
group were entered as dummy variables and re-
sults were obtained by comparing with refer-
ence categories, separately. The p-value of <0.05
was considered to be statistically significant.

RESULTS

Descriptive Statistics

Age and gender-specific subject distribu-
tion, means and standard deviation of the height,
weight, BMI, HAZ and BMIAZ among boys and
girls are depicted in Table 1. The age and gender
specific mean values showed that boys were
significantly heavier and slightly taller than girls.
Using independent sample t-test, age specific
mean differences of all the anthropometric vari-
ables were observed to be highly statistically
significant (p<0.01). Age-gender specific mean
values of height and weight were observed to
progressively increases with age among chil-
dren, except among 12 years boys (in weight)
and girls (in height and weight). Age-gender
specific comparisons of overall mean values of
height and weight of the children have been
showed in Figure 1. The age-specific mean val-
ues did not showing any age-specific general
trend. Age-specific mean BMI values were ob-
served to be slightly higher among boys than
girls, especially in early ages (that is, 5-8 years),
but observed to be slightly higher among girls
in older ages (that is, 9-10 years and 12 years).
The mean age and gender specific BMI values
ranged from 14.00 kg/m2 (in 8 years) to 15.31 kg/
m2 (in 11 years) and 13.57 kg/m2 (in 6 years) to
15.36 kg/m2 (in 10 years) among boys and girls,
respectively. The overall mean HAZ value was
observed to be higher among boys (-1.34±1.19)
than girls (-1.33±1.05), but on the contrary the
value was observed to be slightly higher among
girls (-1.51±1.09) than boys (-1.49±1.11) in BMI-
AZ. The age-gender specific mean HAZ and
BMIAZ values did not show any age-specific
trend. Gender-specific mean differences in  an-
thropometric variables of height (F-value= 1.729,
d.f.,1,1261), weight (F-value= 2.317, d.f.,1,1261),
BMI (F-value= 1.037, d.f.,1,1261), HAZ (F-val-
ue=0.107, d.f.,1,1261) and BMIAZ (F-value=
0.051, d.f.,1,1261)  were observed to be statisti-
cally not significant among both gender using
ANOVA. Two way ANOVA showed that there
were statistically insignificant mean differences
between the groups with respect to age and gen-
der in case of height (F-value=1.305), weight (F-
value=0.344) and BMI (F-value=0.412). The age-
specific mean difference observed to be statisti-
cally significant using ANOVA in cases of height,
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weight, BMI, HAZ and BMIAZ among boys and
girls (Table 1).

Prevalence of Stunting and Thinness among the
Children

The age-gender specific prevalence of stunt-
ing and thinness among the children is depicted
in Table 2. Overall prevalence of stunting and
thinness were observed to be 31.8 percent (boys:
31.3%; girls: 32.2%) and 27.7 percent (boys:
31.0%; girls: 24.4%) respectively. Age and gen-
der specific prevalence of overall stunting prev-
alence was observed to be higher (66.7 % in
boys and 68.8% in girls) aged 12 years and where-
as, lower prevalence (25.0% in boys and 14.8%
in girls) was observed among aged 10 years and
5 years, respectively. Similarly, age-gender spe-
cific prevalence of thinness was higher (55.6%
in boys and 50.0% in girls) among those aged 12
years. A lower prevalence of thinness was ob-
served (22.7% in boys and 19.8% in girls) aged
10 years and 7 years, respectively. The overall
prevalence of moderate stunting and thinness
was observed to be higher among boys (25.0%
and 24.6%) than girls (24.6% and 19.6%), but
severe stunting was higher among girls (7.6%)
as compared to boys (6.3%). The overall preva-
lence of severe grades of thinness was higher
among boys (6.5%) than girls (4.8%). The age/
gender-specific moderate and severe grades of
stunting and thinness did not show any age-
specific trends. The age and gender specific prev-
alence of moderate grade of stunting was ob-
served to be higher in 12 years (41.7%) among
boys and in 11years (31.9%) among girls. Preva-
lence of severe grade of stunting ranged from
2.8 percent (in 6 years) to 25.0 percent (in 12
years) among boys, and from 2.0 percent (in 7
years) to 40.6 percent (in 12 years) among girls.
The age-specific prevalence of moderate thin-
ness was higher among boys (36.1%) and girls
(28.1%) of 12 years. The age-specific prevalence
of severe grades of thinness was also higher
among boys (19.4%) and girls (21.9%) aged 12
years. The prevalence of moderate and severe
grades of thinness ranged from 20.3 percent (in
11 years) to 36.1 percent (in 12 years) and 1.4
percent (6 years) to 19.4 percent (12 years) among
boys respectively. Using χ2-analysis, gender
differences in the prevalence of overall stunting
was statistically not significant but observed to
be significant in thinness. Gender differences in Ta
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prevalence of age-gender specific moderate and
severe grades of stunting and thinness were sta-
tistically not significant, but significant differ-
ences were observed in case of 7 years (χ2-val-
ue=4.12) and 11 years (χ2-value= 6.56) (in severe
stunting) and 8 years (χ2-value= 5.38) (in severe
thinness), using χ2 analysis.

Effect of Socio-economic, Demographic and
Lifestyle Variables on Prevalence of
Stunting and Thinness

Results of the BLR model fitted to estimate
the odds ratio of being affected by overall thin-
ness and stunting with certain socio-economic,
demographic and lifestyle variables are depict-
ed in Table 3. The results showed that higher
risks of being stunted have been observed in
cases of higher age groups (9-12 years) (odds
ratio: 1.54 times), 2 number of sibs (odds ratio:
2.26 times) and >3 number of siblings (odds ra-
tio: 2.02). The results also showed that children
belonging to the working mothers’ category ex-
hibited significantly higher risks for stunting
(odds ratio: 2.82 times). In case of thinness, boys
were in higher risks was observed to exhibit great-
er odds (odds ratio: 1.38 times) than girls. The
odds ratio are significantly higher (odds: 1.29
times) among children belonging to higher ages
of 9-12 years. Similarly, children having <1 num-
ber of sibs (odds ratio: 2.37 times) and ‘2 sibs’
(odds ratio: 1.51 times) had significantly higher
risks for being thin. The children of housewife
mothers have significantly higher risk of thin-
ness (odds ratio: 5.93 times) than the working
mothers. The presence of more than two income

heads in the family showed higher risk (odds
ratio: 5.29 times) of thinness.

Step-Wise Multiple Logistic Regression
Analysis and Effect of Socio-economic,
Demographic and Lifestyle Variables on
Prevalence of Stunting and Thinness

Results of the step-wise multiple logistic re-
gression (forward conditional model) analysis
undertaken to determine the most independent
predictor variables for stunting among children
are shown in Table 4. Inclusion of the predictor
variables was done based on the criterion that
those socio-economic and demographic vari-
ables were included which showed a significant
association in the BLR analysis (p<0.05). In the
first step-wise multiple logistic regression, chil-
dren belonging to the 9-12 years of age group
had 1.48 times (95% CI: 1.17-1.88) greater odds
ratio of being stunted (p<0.01). In the second
step-wise multiple logistic regression, the chil-
dren having 2 and  >3 sibs were observed to
have 2.40 times (95% CI: 1.42-4.07) and 2.35 times
(95% CI: 1.39-3.97), (p<0.01) greater risk, respec-
tively, of being stunted. Similarly, the third step
showed that the children having 2 and greater
than or equals to 3 sibs were having 2.45 times
(95% CI: 1.44-4.17) and  2.41 times (95% CI: 1.42-
4.09) greater risk of being stunted. Children of
working mothers’ had 1.82 times higher risk of
being stunted (95% CI: 1.12-2.96). In case of thin-
ness the first step and second step of logistic
regression showed that boys had 1.39 times (95%
CI: 1.09-1.78) and 1.38 times (95% CI: 1.08-1.77)
greater odds ratios respectively and had higher
risk of thinness than boys. The second step

Table 4: Step-wise multiple logistic regression analysis and effect of socio-economic, demographic and
lifestyle variables on the prevalence of stunting and thinness

Undernutrition           Variables     OR (95%CI)    OR (95%CI)    OR (95%CI)
       (Step-1)         (Step-2)         (Step-3)

Stunting Age 5-8 years 1 1 1
9-12 years 1.48** (1.17-1.88) 1.49** (1.17-1.88) 1.53** (2.21-1.95)

No. of sibs <1 - - 1
2 - 2.40** (1.42-4.07) 2.45** (1.44-4.17)
> 3 - 2.35** (1.39-3.97) 2.41** (1.42-4.09)

Mothers Housewife - - 1
occupation Working - - 1.82** (1.12-2.96)

Thinness Gender Boys 1.39** (1.09-1.78) 1.38** (1.08-1.77)
Girls 1 1

Age 5-8 years -
9-12 years 1 1.29* (1.01-1.65)

*p<0.05; **p<0.01
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showed that children belonging to5-8 years of
age group had 1.29 times (95% CI: 1.01-1.65)
greater odds ratio and higher risk of thinness.

DISCUSSION

India’s majority of individuals are undernour-
ished and underprivileged due to it’s large pop-
ulation size and widespread poverty (Ramachan-
dran 2007, 2014; Mondal and Sen 2010; Thakur
and Gautam 2015; Tigga et al. 2015a; Aurino
2017; Seshadri and Ramakrishna 2018). Poverty
is considered to be a major underlying cause of
such widespread undernutrition (Ramachandran
2007; Gopalan 2013; Varadharajan et al. 2013).The
present investigation has highlighted prevalence
of stunting and thinness among rural children
of Darjeeling district of West Bengal, India. The
overall prevalence of stunting was (31.8%)  high-
er than that of thinness (27.7%) (Table 2). Sever-
al studies had already reported significant asso-
ciations between parents’ service and/or em-
ployment categories, monthly family income
(Abudayya et al. 2009; Zelellw et al. 2014; Tigga
et al. 2015a; Matariya et al. 2016; Roy et al. 2016;
Meshram et al. 2017), environment, sanitation

and household pattern with undernutrition (Her-
rador et al. 2014; Tigga et al. 2015a; Zhang et al.
2016; Meshram et al. 2017). Age group of the
children showed significant association with
both stunting and thinness. Mothers’ occupa-
tion showed significant association with stunt-
ing but not with thinness. Studies have report-
ed that family size and the ‘number of sibs’ had
strongly explanatory powers of stunting among
children and adolescents (Mondal and Sen 2010;
Sen and Mondal 2012; Meshram et al. 2017).

A comparison showed lower values of age-
gender specific mean of height and weight in
most of the age groups of the children in present
investigation than the reported by Agarwal et
al. (1992), WHO (2006), Khadilkar et al. (2009)
and Marwaha et al. (2011) (Fig. 1). A compara-
tive evaluation of prevalence of stunting among
different Indian ethnic populations with that
obtained in the present investigation is depict-
ed in Table 5. The comparison suggested that
children and adolescents of the country were
more vulnerable in terms of stunting and the
magnitudes showed very high (>40%) preva-
lence of undernourishment (Rao et al. 2005;
Medhi et al. 2007; Mitra et al. 2007; Prashant and

Table 5: Comparison of the prevalence of stunting among Indian children with present investigation

Population             Sample             Region          Prevalence              Reference
             size         of stunting

       (%)

Tribal pre-school children (Gond) 1022 Madhya Pradesh, India 51.6 Rao et al. 2005
School children 606 Assam, India 50.5 Medhi et al. 2006
Tea garden workers 605 Assam, India 49.8 Medhi et al. 2007
Kamar tribal children 309 Chhattisgarh, India 63.4 Mitra et al. 2007
Santal children 442 West Bengal, India 17.9 Chowdhury et al. 2008
ICDS children 1012 West Bengal, India 30.7 Mandal et al. 2009
Girls from urban slum area 223 Andhra Pradesh, India 47.0 Prashant and Shaw 2009
Shabar Tribe 577 Orissa, India 45.6 Chakrabarty and Bharati 2010
Rural adolescents 1870 West Bengal, India 45.6 Mondal and Sen 2010
Rural children 1870 West Bengal, India 41.7 Mondal and Sen 2010
Rajbanshi 1870 West Bengal, India 35.9 Mondal and Sen 2010
Bengalee Muslim 1870 West Bengal, India 33.7 Mondal and Sen 2010
Early adolescent school girls 2545 West Bengal, India 32.5 Maiti et al. 2011
Slum children 194 Maharashtra, India 57.2 Bhavsar et al. 2012
Santal pre-school children 299 West Bengal, India 54.2 Bisai 2014
Lodha pre-school children 119 West Bengal, India 29.8 Bisai et al. 2014
Karbi-Anglong adolescents 864 Assam, India 51.2 Mondal and Terangpi 2014
School children 561 Uttar Pradesh,  India 23.3 Singh et al. 2014
School children 350 Aligarh, India 68 Sultan 2014
Pre-school children 6183 Meghalaya, India 35.5 Duwarah et al. 2015
Children 3654 West Bengal, India 24.5 Mondal et al. 2015b
Children 2561 Maharashtra 22.7 Aguayo et al. 2016
Slum children 256 Central India 34.8 Dhok and Thakre 2016
Rajbanshi girls 500 West Bengal, India 39.6 Roy et al. 2016
Rural indigenous communities 1227 Eastern India 55.7 Saxton et al. 2016
Anganwadi school children (rural) 100 Central India 37.0 Patil et al. 2017
School going children of North Bengal 1262 West Bengal, India 31.8 Present Study
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Shaw 2009; Chakrabarty and Bharati 2010; Mon-
dal and Sen 2010; Bhavsar et al. 2012; Ghosh
and Sarkar 2013; Bisai 2014; Mondal and Ter-
angpi 2014; Sultan 2014; Saxton et al. 2016) (Ta-
ble 5). The comparison showed that prevalence
of stunting in the present investigation was sig-
nificantly lower than these reported among San-
tal children of West Bengal (54.2%) (Bisai 2014),
school children of Aligarh, Uttar Pradesh (68.0%)
(Sultan 2014), Oraon tribal children (54.0%) (Mit-
tal and Srivastava 2006), and school children of
Assam (50.5%) (Medhi et al. 2006). The preva-
lence was lower than that has been reported
among children belonging to Rajbanshi (35.9%),
Bengali Muslim (33.7%) and Tea-labourer
(41.7%) populations of Darjeeling, North Ben-
gal (Mondal and Sen 2010). The prevalence of
stunting was also lower than those reported
among tribal children of Madhya Pradesh (51.6%)
(Rao et al. 2005), Kamar children of Chhattisgarh
(50.0%) (Mitra et al. 2007), slum children of Cen-
tral India (34.8%) (Dhok and Thakre 2016), Ra-
jbanshi girls of West Bengal (39.6%) (Roy et al.
2016), indigenous communities of Jharkhand and
Odisha (55.7%) (Saxton et al. 2016) and angan-
wadi school children of rural central India
(37.0%) (Patil et al. 2017). The present investiga-
tion showed higher prevalence of stunting than
the children of Maharashtra (22.7%) (Aguayo et
al. 2016).

 The results of the present investigation also
showed that prevalence of stunting was slight-
ly higher among boys than girls (Table 2). The
proposed public health assessment classifica-
tion suggestions that these above-mentioned
populations (prevalence=>20%) require to have
an implementation of nutritional interventions
for necessary betterment of nutritional status
(WHO 1995). The present investigation also
showed that girls were slightly more nutritional-
ly vulnerable (that is, affected with stunting) than
boys, especially when they approached the high-
er ages (that is, 9-12 years). Several investiga-
tions from India have  showed  gender  related
trends  in undernutrition, where girls were  more
affected than boys (Bose et al. 2007; Medhi et
al. 2007; Mitra et al. 2007; Chowdhury et al. 2008;
Dutta et al. 2009; Mondal and Sen 2010; Pal and
Bose 2017; Sinha et al. 2017; Seshadri and Ra-
makrishna 2018). Women, and by extension,
girls, customarily eat last and when supplies are
insufficient, eat least and this practice is one of
the major factors and underlying cause of fe-

male malnutrition and low birth-weight infants
in the country, given the fact that most rural
households face several months of food dis-
tress on a recurring seasonal basis (Ramachan-
dran 2014). Several researchers have confirmed
that sharp gender disparities prevailed in intra-
household access to food is widespread in In-
dia, as in most South Asian countries (Ramachan-
dran 2014). It is generally attributed to the fact
that boys have a better access to food and basic
amenities than girls and there was a pronounced
preference for the male child in Indian societies
(Ananthakrishnan and Nalini 2002; Kugler and
Kumar 2015; Trent et al. 2015; Aurino 2017; Sin-
ha et al. 2017). Several papers have also report-
ed discriminations in diet and basic amenities,
education and health-care seeking against the
girl child (Ananthakrishnan and Nalini 2002; Bhan
et al. 2005; Mukhopadhyay 2015; Kaur and Kumari
2017).

The available data suggested that issue of
thinness is persistent transversely among dif-
ferent Indian populations with consistent pro-
portions especially among children. Several pa-
pers have reported that high prevalence of thin-
ness was a major public health issue among In-
dian children (Medhi et al. 2007; Biswas et al.
2009; Das and Bose 2009; Bisai et al. 2010; Sul-
tan 2014). Comparisons with the present inves-
tigation showed a significantly lower prevalence
of thinness than those reported among rural
adolescents of West Bengal (42.4%) (Mondal
and Sen 2010), pre-school children of West Ben-
gal (50.7%) (Biswas et al. 2009), Kora-Mudi chil-
dren (Bisai et al. 2010), school children of West
Bengal (Bose and Bisai 2008) and school going
adolescent girls of Kashmir (35.7%) (Ali et al.
2016) (Table 6). Very high prevalence of thin-
ness was observed among rural primary school
children of West Bengal (82.36%) (Mandal 2017).
An almost similar prevalence of thinness as in
the present paper was reported among school
children of West Bengal (20.2%) (Maiti et al.
2011), from rural children of Assam (19.1%) (Shar-
ma and Mondal 2014) and also from Rajbanshi
girls of West Bengal (26.0%) (Roy et al. 2016).
Such variations in prevalence of thinness can
be attributed to the large ethnic variations, so-
cio-economic disparity and diverse socio-cul-
tural and health-care practices across Indian
populations. It is now well accepted that here is
a high prevalence of thinness among rural Indi-
an populations (Medhi et al. 2006; Medhi et al.
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2007; Biswas et al. 2009; Chakraborty and Bose
2009; Das and Bose 2009; Mandal et al. 2009;
Bisai et al. 2010; Sultan 2014; Mondal et al. 2015a;
Mandal 2017) (Table 6). It is evident that preva-
lence of thinness was higher among boys (31.2%)
than girls (28.5%). Researchers have reported a
similar trend of prevalence among children (Me-
dhi et al. 2007; Mondal and Sen 2010). The chil-
dren and adolescents affected by thinness were
more likely to develop into thin adults with a
lower BMI (that is, chronic energy deficiency or
CED) that would have an impact on reduced
physical work productivity (Strickland 2002;
Moench-Pfanner et al. 2016; Candler et al. 2017)
and poor reproductive performances, greater
morbidity and mortality (Sen et al. 2011; Agos-
toni and Fattore 2013). Introduction of physical
training could substantially improve the work
capacity, but inactivity leads to rapid and sub-
stantial reductions in the ability to sustain heavy
work. Therefore, the high (>20%) prevalence
undernutrition among these children could be
the major attribute to such manifestation that
indicate nutritional deprivation reported in Indi-
an children.

Low SES is a determinant of higher risk of
stunting and thinness and poverty highly af-

fects the linear growth than body weight of the
children (Black et al. 2008; Janevic et al. 2010;
Agostoni and Fattore 2013; Meshram et al. 2016).
A number of studies have showed that poor
children tend to be at higher risk of being under-
nourished and having restricted growth there-
fore, economic inequality is an independent de-
terminant for childhood undernutrition (Zere and
McIntyre 2003; Janevic et al. 2010; Meshram et
al. 2016; Roy et al. 2016) with other determinants
like poor socio-economic status and adverse envi-
ronments, including low income (Choudhury et al.
2000; Mahgoub et al. 2006; Tigga et al. 2015a,b;
Mtariya et al. 2016; Roy et al. 2016) and the present
study showed similar trends. The health and nutri-
tional benefits from economic growth tend to be
concentrated only among the economically advan-
taged population groups (Mushtaq et al. 2011;
Meshram et al. 2016). Moreover, the developing
countries remain vulnerable to food insecurity,
poor access to health services, undernutrition
and increased morbidity and mortality (Zere and
McIntyre 2003; Nandy et al. 2005; Nandy et al.
2008; Smith and Haddad 2015; Akseer et al.
2017).The major factors affecting the prevalence
of undernutrition in the developing countries

Table 6: Comparison of the prevalence of thinness among Indian population with present investigation

Population             Sample             Region         Prevalence        Reference
             size         of stunting

       (%)

Tribal School children 606 Assam, India 53.9 Medhi et al. 2006
Children 605 Assam, India 50.2 Medhi et al. 2007
Children 292 Orissa, India 48 Mishra and Mishra 2007
Pre-school children 2016 West Bengal, India 50.7 Biswas et al. 2009
School children 1094 West Bengal, India 23.1 Bose and Bisai 2008
School children 596 West Bengal, India 62.2 Chakraborty and Bose 2009
Bauri children 219 West Bengal, India 65.3 Das and Bose 2009
ICDS children 1012 West Bengal, India 85.2 Mandal et al. 2009
Kora-Mudi children 119 West Bengal, India 67.2 Bisai et al. 2010
Pre-school children 798 West Bengal, India 47 Bisai and Manna 2010
Santal children and adolescents 251 West Bengal, India 41.3 Das and Bose 2010
Rural adolescents 1870 West Bengal, India 42.4 Mondal  and Sen 2010
Early adolescent school girls 2545 West Bengal, India 20.2 Maiti et al. 2011
Sunni Muslim girls 370 Delhi, India 38.4 Bansal and Joshi 2013
Santal  children 203 West Bengal, India 29.6 Ghosh and Sarkar 2013
Rural adolescents 1165 West Bengal, India 49.1 Mondal 2014
Karbi-Anglong adolescents 864 Assam, India 13.4 Mondal and Terangpi 2014
Rural adolescent girls 1228 Assam, India 19.1 Sharma and Mondal. 2014
School children 561 Uttar Pradesh,  India 36.2 Singh et al. 2014
School children 350 Aligarh,  India 79.4 Sultan 2014
Children 3654 West Bengal, India 65.3 Mondal et al. 2015b
School going adolescent girls 428 Kashmir, India 35.7 Ali et al. 2016
Rajbanshi 500 West Bengal, India 26.0 Roy et al. 2016
Rural primary school children 618 West Bengal, India 82.4 Mandal 2017
School going children of North Bengal 1262 West Bengal, India 27.7 Present Study
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are poor socio-economic and environmental
conditions, ethnic, socio-economic and socio-
demographic disparities (Mahgoub et al. 2006;
Mondal and Sen 2010; Ahmed et al. 2012; Tigga
et al. 2015a; Huda et al. 2017). The consequenc-
es of such undernourishment are poor growth is
associated with greater risk of morbidity and
mortality from infectious diseases, adverse long-
term consequences of delayed linear growth
(Black et al. 2013). Most of the studies docu-
menting nutritional status in India have ob-
served that girls were more affected by under-
nutrition than boys (Bose et al. 2007; Mondal
and Sen 2010; Sen and Mondal 2012; Tigga et al.
2015a; Pal and Bose 2017; Sinha et al. 2017; Se-
shadri and Ramakrishna 2018). The present pa-
per has also reported that girls were more affect-
ed by stunting than boys. Many studies have
reported that rural girls were more likely to be
severely undernourished than rural boys
(Choudhury et al. 2000; Mondal and Sen 2010;
Bhargava et al. 2015; Pal and Bose 2017; Sinha
et al. 2017; Seshadri and Ramakrishna 2018). Boys
are more affected by thinness than girls with
significantly greater odds ratio (p<0.01). In the
present paper the results of BLR and stepwise
multiple logistic regression analysis showed that
children belonging to higher ages (that is, 9-12
years) had greater risk of stunting with greater
odds ratio (odds ratio: 1.54 times) than in lower
age groups (5-8 years). Moreover, the higher
age groups showed greater odds ratio (odds ra-
tio: 1.29 times) in case of thinness than the lower
age groups thus agreeing with the studies re-
ported among Indian population (Biswas et al.
2009; Mandal  et al. 2009; Tigga et al. 2015a;
Mondal et al. 2015a).

A number of studies have found a signifi-
cant relationship between bigger household sizes
and childhood undernutrition. A large house-
hold size suggests increased competition for
scarce resources (Greene and Merrick 2005; Cle-
land et al. 2006; Engebretsen et al. 2008; Darteh
et al. 2014; Melaku et al. 2015; Liu and Raine
2016). Some household hygienic practices such
as access to safe water, hand washing using
soap, and other sanitation practices have major
role on morbidity related risks, which have a
considerable effect on child growth (Checkley
et al. 2004; Fink et al. 2011; García et al. 2017).
The significant effects of some other socio-
economic and demographic correlates (that is,
birth order, no. of sibs, mothers’ occupation) on

prevalence of stunting and thinness among the
children can be attributed to the fact that better
access to food and amenities may have signifi-
cant effect on the nutritional status of the chil-
dren of growing ages. In the present investiga-
tion, no such significant effects of other socio
economic variables (that is, fathers’ occupation
and ethnicity) on the prevalence of stunting and
thinness have been observed. A few studies have
showed the effect of ethnicity on nutritional sta-
tus (Som et al. 2007; Mondal and Sen 2010; Sen
and Mondal 2012; Tigga et al. 2015a; Poh et al.
2016; Venkatraman et al. 2017). Researchers have
pointed out that the nutrition levels are not only
dependent on the access of nutritious foods,
but several other factors are responsible for poor
nutritional status (that is, scarcity of clean drink-
ing water and absence of proper sanitation) (Ra-
machandran 2014; Tigga et al. 2015a,b; Venkatra-
man et al. 2017). Therefore, the proper dissemina-
tion of  knowledge  and  awareness  related  to
nutritional  requirement,  improvement of econom-
ic conditions, use  of  nutrient rich food, improve-
ment of feeding practices among  nutritionally
vulnerable segments  would  be  helpful  to  re-
duced  such prevalence.

CONCLUSION

The ultimate goal of such nutritional studies
is to improve the community health and nutri-
tion intervention becomes a priority for these
children. In the present paper the prevalence of
stunting and thinness and their association with
the socio-economic factors providing an insight
in the present condition of nutritional status in
the study area as well as representing child nu-
tritional status in the rural areas of India. The
present paper does not provide the account on
the effect of each and every socio-economic
variables (that is, age, sex, number of sibs and
mothers occupation) although there effect on
child undernutrition have been observed in some
studies.The findings of the present paper are
important in providing more insight for future
investigations in the field and propose a major
opportunity to improve through proper inter-
vention programmes.

RECOMMENDATIONS

The following recommendations are sug-
gested based on the present investigation for



42 SAMPRITI DEBNATH, NITISH MONDAL AND JAYDIP SEN

overall improvement of the nutritional status of
the children:

1. Proper intervention and policies for im-
provement of overall nutritional status of
the rural school-going children of North
Bengal, Indian. The intervention must in-
clude high caloric and micronutrient rich
supplement to improve the existing under-
nutrition condition.

2. Dissemination of knowledge and aware-
ness related to nutritional requirements of
the children in rural India. Creating nutri-
tional and health-related awareness will
certainly helpful to improve the quality of
life among the children.

3. More extensive studies for community spe-
cific measures to control and monitor the
inadequate nutritional conditions of the
children.

4. Multi-disciplinary health camps or moni-
toring offering varied medical service to the
children should be organized at regular in-
tervals in the schools. These camps should
include doctors, dieticians and nutrition-
ists, and be able to provide free medical
diagnosis and medicines.

 LIMITATIONS

Due to cross-sectional design of the present
study is difficult to draw a major conclusion re-
garding the high prevalence of undernutrition
in children.  It is important  to  mention here  that
lack  of  information related  to  food habits and
dietary  intake,  resource  allocations and  cultur-
al  practices, intra-household resource alloca-
tion, gender related issues and eating behav-
iour among the children which may have impor-
tant influence of their nutritional status and also
the lack of the results related to some other so-
cio-economic variables it  was  difficult  to draw
major  conclusions  and/or  identify  the actual
cause(s)  of  such  higher  prevalence  of stunt-
ing thinness among the children.
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