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Abstract: Stunting is the impaired growth and development in children caused due to poor nutrition, 
recurrent infections and lack of psychosocial stimulus. Because stunting affects physical development and 
inhibits the child from attaining his full cognitive development as an adult, children may never regain the 
height lost due to stunting. Stunting (Low height-for-age) in infants and young children is a simple, well-
known indicator of undernutrition. The current study sought to determine the effects of socio-economic 
and demographic factors on the frequency of stunting among Bengalee girls. The study was carried out in 
the Deshopran block and Haldia municipality area (West Bengal, India). The total number of participants 
included in the study was 530 Bengalee girls. 53.39% (283) of study participants were urban residents 
while 46.61% (247) were rural residents. Stunted growth in children was defined as the height for a given 
age in children less than two standard deviations of the WHO Child Growth Standards. The prevalence of 
stunting among girls in our study was 11.13%. The predictor variables with substantial associations with 
stunting in the binary logistic regression (BLR) analyses were further used in the multiple binary logistic 
regression (MBLR) analyses. Odds ratios with 95% confidence intervals were used to calculate the stunting 
risk. Results showed that the risk of stunting was significantly associated with low birth weight, presence 
of younger brothers, a large number of family members and place of delivery. Improving maternal and child 
access to nutrient-rich food, decreasing infectious disease, and promoting women empowerment initiatives 
are the main recommendations for resolving the issue.
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Introduction 

Internationally, child growth is recog-
nized as a significant measure of a pop-
ulation’s nutritional health and status. 
One of the three anthropometric indi-
cators that are frequently used to assess 
a  child’s growth is stunting. Stunting, 
generally referred to as low height for 
age, is considered to be the outcome of 
chronic undernutrition often associated 
with poverty, poor maternal nutrition 
and health, recurrent sickness, and/
or inappropriate feeding and care for 
young children. Stunting prevents chil-
dren from developing to their full phys-
ical and intellectual potential (WHO 
1995a). Due to its great prevalence and 
significant negative effects on develop-
ment and health, stunted linear growth 
has emerged as the primary measure of 
childhood undernutrition (Black et  al. 
2013a). Stunting is characterized as hav-
ing a height for age Z (HAZ) score that 
is less than 2 in the WHO growth refer-
ence standard (WHO 1995b). Height for 
age Z-score measures linear growth that 
occurs before and after birth; deficiencies 
show long-term, cumulative impacts of 
poor health, food quality and care. It is 
a significant predictor of human capital 
and social advancement since it is linked 
to higher illness and mortality, delayed 
mental development, low educational 
attainment, and diminished intellectual 
capacity (Victora et al. 2008; Srivastava 
et al. 2012; De Onis et al. 2012; Pren-
dergast et  al. 2014). During maturity, 
stunting can lead to decreased labour 
capacity, weakened social skills, behav-
ioural issues, and metabolic illnesses 
(Grantham-McGregor 2014; Rengma 
et al. 2016; Akseer et al. 2017). 

Stunting is one of the biggest and 
most difficult public health issues in 

today’s  world. Although it is invisible 
in many nations, it affects 165 million 
children worldwide, 90% of whom re-
side in Asia and Africa (UNICEF 2012a) 
and is a  significant cause of concern  in 
developing nations. This makes it a big-
ger problem than being wasted or  un-
derweight. The incidence of stunting, 
linked to several determinant variables 
along with prolonged malnutrition, is 
a  serious issue among those living in 
resource-poor nations. WHO estimates 
that among school-age children aged 5 to 
18 in Africa, the prevalence of stunting 
was 37% in 2015, whereas Asia had the 
second-highest prevalence rate at 23% 
(De Onis 2012). Numerous studies have 
already reported the prevalence of stunt-
ing in West Bengal (India) boys and girls 
(Mondal and Sen 2010; Soumyajit et al. 
2011; McGuir 2015; Bishwajit 2015; 
Rengma et al. 2016; Akseer et al. 2017; 
Kwon and Kim 2017). Stunting among 
early adolescent girls is associated with 
different factors. For instance, several 
studies have reported significant asso-
ciations between poor socio-economic, 
demographic and environmental condi-
tions and chronic nutritional deficiencies 
(WHO 2006; Bishwajit 2015; McGuire 
2015; Akseer et al. 2017). 

Due to their customary early mar-
riage and pregnancy, teenage girls may 
be more susceptible to stunting (Black 
et  al. 2013a; Prentice et  al. 2013). Im-
portantly, because of fetal programming, 
stunted adolescent girls are more like-
ly to deliver underweight and stunted 
babies (Prentice et  al. 2013; Kwon and 
Kim 2017). NFHS-5 (National Fam-
ily Health Survey) has reported that 
6.8% of teenage girls were pregnant in 
India. The proportion of women who 
have started childbearing rises sharp-
ly from 15% at the age of 17 years to 
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24% among women aged 18, indicat-
ing a very high proportion compared to 
NFHS- 4, which is a very crucial stage 
for child and maternal nutrition in West 
Bengal. The proportion of women who 
have started childbearing is much high-
er among those who have no schooling 
(IIPS 2021). Several causes of malnu-
trition among children include pover-
ty, living in a rural area and family size 
(UNICEF WHO and World Bank 2012; 
Bhutta and Salam 2012; Black et  al. 
2013b). Improving maternal and child 
access to nutrient-rich food, decreasing 
infectious disease, and empowering ma-
ternal empowerment initiatives are the 
main recommendations for resolving 
the issue (WHA 2012). However, reduc-
ing the differential vulnerability of girls 
is also necessary, at least in the context 
of South Asia, where sons is preferred 
over daughters (Baqui et al. 2001; Bhu-
iya et al. 2003; Jain et al. 2004; Koenig 
et  al. 2006; Silverman et  al. 2007; Sil-
verman et  al. 2011). Gender discrimi-
nation among siblings may play a major 
role in high rates of child malnutrition 
observed in South Asia, a  region that 
exhibits higher rates of under-5 mortal-
ity for girls than boys (UNICEF 2012b; 
Basu et al. 2018; Mumtaz et al. 2019).

A  girl’s risk of acute malnutrition 
(wasting) is increased by having broth-
ers, whereas her risk of chronic mal-
nutrition (stunting/underweight) is 
increased by having many sisters. In 
contrast, siblings have less of an impact 
on boys malnutrition (Raj et al. 2015). 
According to previous studies, stunting 
affects teenage girls at a rate of 48% in 
Bangladesh and 47% in Nepal (WHO 
2006; Bishwajit 2015). Stunting prev-
alence among teenage girls in Ethiopia 
ranges from 26.5% to 41.8% (Muluge-
ta et al. 2009; Wassie et al. 2015). The 

percentage of stunted children increased 
marginally from 33% to 34% between 
NFHS- 4 to NFHS- 5 which suggests 
that higher levels of undernutrition 
are still a major problem in West Ben-
gal (IIPS 2021). According to the fourth 
National Family Health Survey (NFHS) 
2015–2016, 38.4% of children in India 
were found to be stunted (IIPS 2017). 
According to numerous research (Chi-
rande et al. 2015; Rengma et al. 2016; 
Dubey et  al. 2018; Abbasi et  al. 2018; 
Mazengia and Biks 2018; Titaley et  al. 
2019), the prevalence of stunting in In-
dia ranges from 10.9% to 55.9% in boys 
and 18% to 58.4% in girls. In West Ben-
gal the prevalence of stunting has been 
reported to be above 12% in both sex-
es (Bisai et al. 2008; Bisai and Mallick 
2011; Sarkar 2016; Giri et al. 2017; Pal 
et al. 2017; Khanra et al. 2022). The ob-
jective of the current study was to deter-
mine the effects of socio-economic and 
demographic factors on the frequency of 
stunting among Bengalee girls.

Methodology

Participants and settings
Haldia Municipality and Deshopran 
Block (Rural Areas) in Purba Medinipur 
District of West Bengal, India, were se-
lected for this study. This cross-section-
al study was conducted from December 
2014 to April 2016. Of those, 628 (urban: 
313; rural: 315) participated in the sur-
vey, and 530 (84.39%) provided complete 
information. Of them, 283 (53.39%) were 
urban residents, and 247 (46.60%) were 
rural Bengalee girls aged 3–12 years. In 
the state’s public education system, chil-
dren go to daycare for half a day’s meals 
and some pre-school education around 
the age of 3. Children start attending 
childcare facilities at the age of 3 years 
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for a  mid-day meal and introductory 
pre-nursery education. According to In-
dian government regulations, every child 
enrolled and attending school in classes 
from one to eight between the ages of 
six and fourteen must get a  free lunch 
every day, except from school holidays. 
On the other hand, since the purpose of 
the study was to limit the pre-adolescent 
age of girls, the upper age of study partic-
ipants was limited to 12 years. A detailed 
description of the sample recruitment 
procedures has been described by Khan-
ra et al. (2020; 2021). Data were collect-
ed from one rural and one urban area of ​​
Purba Medinipur District (PMD). Rural 
girls were recruited from the following 
villages (n=3): Kultalia, Sikdarchak and 
Uttar Amtalia, PMD Desopra Block of 
Contai subdivision and urban girls from 
three settlement colonies (CPT, IOC and 
HREL) and Rairarchak district under 
Haldia municipality. The study followed 
the ethical guidelines of the 2000 Decla-
ration of Helsinki (Touitou et al. 2000).

Demographic, socio-economic 
and birth-related information

Demographic, socio-economic, maternal 
health and childbirth-related data were 
collected directly from the parents, usual-
ly from the mothers, through a structured 
questionnaire. The information includ-
ed social category (general or scheduled 
caste), place of residence (urban or rural), 
number of family members, number of 
elder and/or younger sisters and broth-
ers, number of living rooms, house own-
ership, family income and expenditure, 
parental education, type of cooking fuel 
and sanitary system. Information regard-
ing the mother’s age at childbirth, height 
and nutritional status were also recorded. 
The place of delivery and birth weight of 
the child were also recorded. Information 

about birth weight was obtained from the 
mothers. Low birth weight was defined 
as less than 2,500 grams of body weight 
(WHO 2001). 

Anthropometry
One researcher (PK) recorded all anthro-
pometric measurements from the studied 
children. Height (in cm) was measured 
from all children, following standard pro-
cedures (Lohman et al. 1988). Height-for-
age ‘Z Score’ (HAZ) was computed to de-
termine stunting among the children. The 
WHO Anthro 3.2.2 and Anthro Plus 1.0.4 
software was used to calculate the Z score. 
Stunting was defined as HAZ less than two 
standard deviations (WHO 1995b). 

Statistics
Percentages were used to report the dis-
tribution of the population according to 
categories of different variables. Mean, 
and standard deviation (SD) statistics 
were used to describe continuous var-
iables. Binary logistic regression (BLR) 
analyses (univariate model) were per-
formed for each independent factor to as-
sess whether it is significantly associated 
with stunting. In each BLR, odds ratio 
(OR) with 95% confidence interval (CI) 
was calculated to show the magnitude of 
association of a particular predictor cat-
egory with stunting relative to the other 
category of the variables. To assess the ef-
fects of the factors relative to one anoth-
er and identify the most potent predictor 
variables, the factors significantly associ-
ated with the bivariate analyses were also 
included in stepwise multivariate logis-
tic regression analyses (enter method). 
In the regression models the dependent 
variable (i.e., stunting), was coded as 1 
for “stunted” and 0 for “non-stunted”. 
Social category (general or scheduled 
castes), place of residence  (urban or ru-
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ral), family size (≥ 5 members), number 
of elder or younger siblings (Nil vs. either 
or both present), number of living rooms 
(≤2 or >2 rooms), house ownership (own 
or rental), monthly family income per 
capita (Rs. ≤2000 or Rs. >2000), paren-
tal education (both above secondary level 
or not), and type of cooking fuel (smoky 
or smokeless) were the categories used to 
group the predictor variables in the cur-
rent study. The better possibilities (like 
smokeless fuel) or higher values (like 
birth weight 2,500 grams) for each of 
these predictors were coded as 0, where-
as the corresponding worse conditions or 
qualities (such as smoky fuel) or lower 
values (such as birth weight 2,500 grams) 
were coded as 1, respectively.

According to their relative 50th%iles, 
family size, the number of living rooms, 
the number of younger and elder sisters 
and brothers, and parity data were all cat-
egorized. The vaccination document ver-
ified the mother’s age at delivery, birth 
weight, place of delivery, and date of birth. 
Birth weight data were categorized ac-
cording to the relevant standards (WHO 
2001). Body mass index (BMI), which 
is computed as weight in kilograms (kg) 
divided by height in meters (m) squared 
(kg/m2), was used to determine the moth-
er’s nutritional condition. The nutrition-
al status of the mother was categorized 
as undernourished (BMI <18.5 kg/m2) or 
normal (>18.5 kg/m2) based on BMI val-
ues. Statistical significance is defined as 
a p-value < 0.05. SPSS-16 for Microsoft 
Windows was used to conduct all statis-
tical analyses.

Result
Overall, 11.13% of the study’s girl partic-
ipants had stunting. The% distribution 
of the subjects for each category of inde-
pendent factor is shown in Table 1, along 

with the significance of the relationship 
between each independent factor and 
stunting as determined by the outcomes 
of univariate BLR analyses. The results 
of BLR indicated that the risk of stunt-
ing was significantly higher among the 
girls whose parents were less educated. 
Girls whose mothers were homemakers 
exhibited better nutritional indices com-
pared to those born to working mothers. 
The higher risk of stunting (ORs = 2.22, 
p<0.01) was found in girls who were 
living with more than four family mem-
bers. The risk of stunting was signifi-
cantly higher in girls living in homes 
with a smaller number rooms (up to two) 
and with no proper sanitary system. Poor 
household income (ORs = 2.15, p<0.01) 
and expenditure were also significant-
ly associated with higher prevalence of 
stunting (ORs  =  1.95, p<0.05). Girls 
who had a very low weight at birth were 
significantly (ORs  =  10.44, p<0.001) 
more likely to be stunted. A higher prev-
alence of stunting (ORs = 1.41) was 
found in the category of the undernour-
ished mother. Girls who were nutrition-
ally stunted their mothers had low height 
(ORs = 1.21). Girls who had younger 
brothers were significantly more likely 
to be stunted (ORs  =  2.53, p<0.001). 
Girls delivered at home were more likely 
to be stunted compared to those deliv-
ered at health institutions (ORs= 3.36, 
p<0.01). The risk of stunting was higher 
in girls in the category of mother age at 
childbirth, and mothers who have started 
childbearing at the age of below 20 years 
(ORs = 1.66). 

Table 2 presents the results of MBLR 
analysis to identify independent risk fac-
tors predicting stunting. MBLR analyses 
were performed on those predictor var-
iables that showed significant associa-
tions with stunting in the univariate BLR 
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analyses. Girls who had a  large family 
(above four members) were more likely to 
be stunted (ORs = 2.28, p<0.01) com-
pared to those who belonged to a small-
sized family (up to four members). The 
risk of stunting was significantly higher 
in those girls who had younger brothers 
than those who had no younger brothers 

(ORs = 1.99, p<0.05). Girls who exhib-
ited low weight at birth were significant-
ly more likely to be stunted compared 
to girls who had a  normal or healthy 
weight (p<0.001). The girls delivered 
at home were more likely to be stunted  
(ORs = 2.00, p<0.05) than those deliv-
ered at health institutions. 

Table 1. Logistic regression of associated factors with stunting among the girls

Variables Categories Stunting
 (n) Total Stunting

(%)
B
 

Wald
  Sig. Exp(B)

95.0% C.I. 
for EXP(B)

Lower Upper

Place of 
residence

Haldia® 25  283 8.83            

Rosulpur 34  247 13.76 0.45 3.19 0.74 1.65 0.95 2.84

Social 
category

General® 37 387 9.56       1    

Others 22 143 15.38 0.54 3.52 0.06 1.72 0.98 3.03

Fathers 
education

Above upper 
primary® 17 237 7.17       1    

Upto upper 
primary 42 293 14.33 0.77 6.55 0.01 2.17 1.2 3.91

Mothers 
education

Above upper 
primary® 17 228 7.46       1    

Upto upper 
primary 42 302 13.91 0.7 5.3 0.02 2 1.11 3.62

Fathers 
occupation

Nonmanual® 20 242 8.26       1    

Manual 39 288 13.54 0.55 3.63 0.06 1.74 0.98 3.07

Mothers 
occupation

Home-maker® 45 458 9.83       1    

Working mothers 14 72 19.44 0.8 5.58 0.02 2.22 1.15 4.28

Numbers 
of family 
members

Upto 4 members® 20 272 7.35       1    

Above 4 members 39 258 15.12 0.81 7.76 0.01 2.24 1.27 3.96

Numbers of 
employed 
persons

Above 1 persons® 15 111 13.51       1    

1 person 44 419 10.5 -0.29 0.8 0.37 0.75 0.4 1.4

Parity
1st parity® 37 311 11.9       1    

2nd and others 
parity 22 219 10.05 -0.19 0.44 0.51 0.83 0.47 1.44

Numbers 
of elder 
brothers

Have no elder 
brothers® 49 414 11.84       1    

Have elder 
brothers 10 116 8.62 -0.35 0.94 0.33 0.7 0.34 1.43
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Variables Categories Stunting
 (n) Total Stunting

(%)
B
 

Wald
  Sig. Exp(B)

95.0% C.I. 
for EXP(B)

Lower Upper

Numbers of 
elder sisters

Have no elder 
sisters® 44 414 10.63       1    

Have elder sisters 15 116 12.93 0.22 0.48 0.49 1.25 0.67 2.33

Numbers 
of younger 
brothers

Have no younger 
brothers® 34 399 8.52       1    

Have younger 
brothers 25 131 19.08  0.93  10.58 0 2.53 1.45 4.43

Numbers 
of younger 
sisters

Have no younger 
sisters® 43 433 9.93       1    

Have younger 
sisters 16 97 16.49 0.58 3.38 0.07 1.79 0.96 3.34

House 
ownership

Own® 51 405 12.59       1    

Rental 8 125 6.4 -0.75 3.56 0.06 0.47 0.22 1.03

Numbers 
of living 
rooms

Above 2 rooms® 5 100 5       1    

Upto 2 rooms 54 430 12.56 1 4.35 0.04 2.73 1.06 7.01

Sanitary 
system

Have proper 
sanitary system® 46 458 10.04       1    

Have no proper 
sanitary system 13 72 18.06 0.68 3.91 0.05 1.97 1.01 3.87

Cooking 
system

Non smoking® 21 251 8.37       1    

Smokey 38 279 13.62 0.55 3.62 0.06 1.73 0.98 3.03

Income
≥ Rs. 10001® 17 236 7.2       1    

≤ Rs. 10000 42 294 14.29 0.76 6.4 0.01 2.15 1.19 3.88

Expenditure
≥ Rs. 8001® 18 235 7.66       1    

≤ Rs. 8000 41 295 13.9 0.67 5.01 0.03 1.95 1.09 3.48

Birth 
weight

2.500gm & Above® 27 450 6       1    

Below 2.500gm 32 80 40 2.35 60.16 0 10.44 5.77 18.89

Mother’s 
height

149.05cm & 
Above® 27 265 10.19       1    

Below 149.04cm 32 265 12.08 0.19 0.48 0.49 1.21 0.7 2.08

Place of 
delivery

Institutional® 22 336 6.55       1    

Home 37 194 19.07 1.21 17.94 0 3.36 1.92 5.89

Mother’s 
age at child 
birth

20years & Above® 32 344 9.3       1    

Below 20years 27 186 14.52 0.5 3.27 0.07 1.66 0.96 2.86

Mother’s 
nutrition

Normal® 53 489 10.84       1    

Undernutrition 6 41 14.63 0.34 0.55 0.46 1.41 0.57 3.51

® - reference category, Binary logistic regression analysis (univariate model) considering effect of one pre-
dictor variables, significant variables are marked in bold.
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Table 2. Results of a multivariate logistic regression model (enter method) to predict stunting

Variables B S.E. Wald Sig. Exp(B)
95.0% C.I. for EXP(B)

Lower Upper

Numbers of younger brothers 0.69 0.34 4.13 0.04 1.99 1.02 3.84

Fathers education 0.11 0.47 0.05 0.82 1.11 0.45 2.78

Mothers education -0.19 0.46 0.17 0.68 0.83 0.33 2.04

Mothers occupation 0.66 0.41 2.56 0.11 1.93 0.86 4.31

Number of family members 0.82 0.35 5.54 0.01 2.28 1.14 4.52

Numbers of living rooms 0.73 0.6 1.5 0.22 2.09 0.64 6.76

Sanitary system 0.1 0.46 0.04 0.84 1.1 0.44 2.72

Income 0.52 0.58 0.81 0.37 1.69 0.54 5.26

Expenditure 0.07 0.58 0.02 0.90 1.08 0.34 3.37

Birth weight 2.25 0.33 46.49 0.00 9.48 4.97 18.04

Place of delivery 0.69 0.35 3.98 0.05 2.00 1.01 3.94

CI – confidence interval, significant variables are marked in bold.

Discussion

By lowering productivity, diminishing 
learning capacity, and raising dangers to 
maternal and reproductive health, poor 
diet is exacerbating gender disparities and 
causes intergenerational cycles of hunger 
and inequality to persist. Stunting, cog-
nitive deficits, decreased immunity, and 
a higher risk of illness and death are all 
more common among offspring born to 
undernourished mothers. However, the 
workload is disproportionately heavier 
on women as they make up approximate-
ly 40% of formal labour force around the 
world, despite being more likely than 
men to work as an unpaid household 
laborer or in an unorganized sector. Still, 
women continue to provide the major-
ity of childcare and feeding practically 
everywhere (UNICEF 2019a). Lack of 
nutritional diversity, skipping meals, ex-
posure to a  contaminated environment 
and poor hygiene (Wolde et al. 2015) are 
all linked to an increased risk of stunt-

ing (Prendergast et al. 2014). Indian so-
ciety has prioritized males over females 
in terms of education, occupation, and 
provision of better household and die-
tary habits. Generally, women eat meals 
after all family members have finished 
and skip meals daily (Rao et  al. 2010; 
Mumtaz et  al. 2019; UNICEF 2019b), 
which is a  common scenario of dietary 
habits of Indian women. In West Bengal, 
there is a strong preference for sons. For 
instance, 10% of women and 19% of men 
have been reported to prefer sons over 
daughters (As per NFHS-5 reports). 86% 
of men and 81% of women desire to have 
at least one or two sons. The parental 
desire to have more children is strongly 
affected by their current number of living 
children, particularly sons (IIPS 2021). 

The present study showed a  signifi-
cant association of stunting with paren-
tal education, mother’s occupation, fam-
ily income and expenditure when their 
effects were assessed separately. In con-
trast to their higher levels, lower paren-
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tal income and educational levels were 
associated with a  higher prevalence of 
stunting. The higher risk of stunting was 
found in the girls who were living with 
above four family members. When they 
had younger brothers, they were also to 
be stunted. The risk of stunting was sig-
nificantly higher in girls living in up to 
two rooms and with no proper sanitary 
system. Previous studies on the same da-
taset showed that the degree of education 
of mothers of rural children and family 
economic circumstances in urban coun-
terparts were the most significant inde-
pendent factors of undernutrition among 
3–12-year-old children (Khanra et  al. 
2020; 2021). However, these studies 
used a composite index of anthropomet-
ric failure (CIAF), but not stunting as the 
measure of undernourishment. A recent 
study on the same dataset revealed that 
low birth weight is significantly associat-
ed with the prevalence of stunting among 
boys (Khanra et  al. 2022). Previous re-
searchers have shown that various meas-
ures of socio-economic status, such as 
income, education and family assets were 
associated with nutritional status in chil-
dren (Victora et al. 2008; Nguyen et al. 
2013; Mohammed et  al. 2014). There 
is plenty of evidence showing a positive 
association between low income and the 
prevalence of stunting (Keino et al. 2014; 
Mondal et al. 2015; Sharma and Katoch 
2016; Pal et al. 2017; Kirk et al. 2018). 

The results of our study show that 
children who live in homes with two or 
fewer rooms had a higher prevalence of 
stunting. Other studies (Owoaje et  al. 
2014), including those conducted in the 
same Indian state, have reported similar 
findings (Biswas et al. 2013). This would 
suggest that having better housing cir-
cumstances, such as a  greater space, is 
associated with more income and, conse-

quently, with a reduced prevalence of un-
dernourishment. Poor living conditions, 
unclean living standards, unsanitary 
conditions, dangerous drinking water, 
and a low-calorie diet are all directly re-
lated to low monthly income (Rahaman 
et al. 2016). 

Child nutrition could benefit from in-
come, a  key socio-economic factor, and 
household consumption decisions only 
depend on production outcomes through 
total wages; cash from any source will be 
helpful (Svedberg 2000; Kirk et al. 2018). 
Children’s respiratory illnesses, asthma, 
and mental health are all correlated with 
their living situations (Krieger and Hig-
gins 2002; Harker 2006; Oudin 2017). 
Previous research has found a  strong 
correlation between the number of liv-
ing rooms and children’s undernutrition 
(Biswas et al. 2011; Biswas et al. 2013).

As mentioned above, the present 
study also revealed a strong link between 
stunting and having younger brothers. 
This could, however, be the result of rel-
atively increased attention towards the 
younger children, especially boys, by the 
parents in a resource-constrained setting, 
particularly regarding food distribution 
and health care (Pande 2003). Indeed, 
previous studies in similar populations 
in the same Indian state showed that 
a higher risk of stunting was associated 
with the presence of younger brothers 
(Biswas et al. 2013; Mondal et al. 2015). 
Large families (above four members) sig-
nificantly impacted the prevalence of 
stunting. The risk of stunting was higher 
in girls in the category of maternal age at 
childbirth and mothers who have started 
childbearing at the age of below 20 years 
(ORs = 1.66). NFHS- 5 (2019–2020) has 
reported that among young women aged 
15–19 in West Bengal, 16% have already 
begun childbearing. The proportion of 
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women who had started childbearing 
is much higher among young women 
(33%) who had no schooling (IIPS 2021). 
A previous study reported that low level 
of education among mothers is signifi-
cantly associated with higher prevalence 
of undernutrition (Khanra et  al. 2020). 
A  higher risk of stunting was found in 
the category of low-height mothers and 
nutritionally undernourished mothers. 
Gender discrimination regarding food 
distribution, health care and other facil-
ities in the household are a major prob-
lem in society. The psychosocial mind 
and beliefs (male preference) are solely 
responsible for this unequal food distri-
bution during food distribution among 
family members (Ahmed 2018). The 
present study shows that the risk of 
stunting was higher among children with 
low weight at birth. In this study, the di-
rection of the relationship between birth 
weight and childhood undernutrition 
was in line with the results of other stud-
ies showing that low birth weight had 
a significantly higher risk of stunting in 
childhood (Rahman et al. 2016; Ntenda 
and Chuang 2017; Khanra et al. 2022). 
The present study also shows that place 
of delivery was a significant predictor of 
stunting, as reported in another study in 
Malawi (Chirande et al. 2015). 

However, all the above associations 
faded out in the multiple regression anal-
yses. In contrast, the number of young-
er brothers, number of family members, 
birth weight, and place of delivery showed 
a  significant independent association 
with the prevalence of stunting, allow-
ing for all other potential factors. Girls 
with younger brothers were more likely 
to be stunted compared to those with no 
younger brothers. Girls who had a  large 
family (above four members) were more 
likely to be stunted compared to those 

who belonged to a small-sized family (up 
to four members). Several previous stud-
ies have reported that the presence of 
younger brothers and large family size is 
associated with a poorer child nutrition 
(Biswas et al. 2013; Zelellw and Gebreig-
ziabher 2014; Mondal et al. 2015). 

According to the patriarchal system, 
the practice of favouring sons over daugh-
ters in India is becoming more common 
(Marcoux 2002). A family without a boy 
is seen as inadequate and embarrassing 
in public. Daughters, in contrast, are 
viewed as a responsibility and it is com-
monly regarded that it is a waste of time 
and money to raise girls. After paying the 
obligatory dowry and entering her new 
family, a  girl will leave her parents in 
a precarious financial situation. Daugh-
ters are consequently equivalent to low-
yield investments (Basu et al. 2018).

Since the beginning, our culture 
has given more preference to sons over 
daughters in all spheres, including 
healthcare and household food distri-
bution. During infancy there are estab-
lished gender variations in nutritional 
status along with prejudiced nursing and 
supplementing patterns (Pande 2003). 
Unlike boys, infant girls are breastfed 
less frequently and for shorter periods of 
time (Barcellos et  al. 2014). No matter 
how wealthy or how poor the household 
is, girls tend to consume less nutritious 
food compared to boys (Marcoux 2002). 
Gender discrimination regarding food 
distribution in the household is a major 
problem that prevails in society. Psycho-
social causes for this unequal food dis-
tribution are commonly related to the 
mind and beliefs of society about male 
preference while giving food to fami-
ly members (Basu et  al. 2018; Ahmed 
2018; Mumtaz et al. 2019). Lack of edu-
cation and awareness might be a cause of 
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a greater trend of offering good and nutri-
tious food preferentially to males while 
female members are considered second 
priority and, thus, insufficient and in-
adequate meals (Alam 2012). Moreover, 
with greater awareness and educational 
improvement observed in recent years, 
people all over the world have become 
more rational. However, the discrimina-
tion problem still exists particularly in 
the lower socio-economic community 
(Alesina et al. 2013; Berti 2012). 

This study shows that girls with low-
er birth weight showed higher chances of 
being stunted at 3–12 years. Girls born 
at home were more likely to be stunted 
compared to those born at health institu-
tions. Institutional childbirth is defined 
as childbirth that occurs in a  hospital 
setting that is technologically advanced 
and is also supervised by trained birth 
attendants. Institutional childbirth is 
one of the most effective strategies for 
lowering mother and neonatal morbidity 
and mortality. In institutional deliveries, 
various medical devices and technology 
are employed to ensure the newborns’ 
health (WHO 2018; UNICEF 2019a). 
A  recent survey has reported that the 
percentage of births in a  health facility 
increased in the four years, from 75% 
(NFHS -4) to 92% (NFHS- 5) although 
8% of births still occur at home. Chil-
dren who were delivered at home did not 
receive any vaccine. A  recent study re-
ported that stunting was frequently ob-
served in under-vaccinated children in 
four countries (Solis-Soto et  al. 2020). 
Children who were delivered at the 
hospital receive superior care for both 
the mother and the child’s postpartum 
complications. Future maternal and fe-
tal health may benefit from this. India 
alone supplied 40% of the world’s LBW 
(Low Birth Weight) population, with an 

estimated 33% of all babies weighing 
less than 2,500 grams at birth (Jain and 
Singhal 2012). The prevalence of low 
birth weight in India was 21.4% in 2017 
(ICMR 2019). As per NFHS-3, the prev-
alence of LBW in West Bengal was 22% 
(IIPS 2008). The WHO has set a goal of 
reducing LBW and stunted children aged 
5 years by 40% between 2010 and 2025 
(WHO 2014). Many different factors 
contribute to LBW. It is dependent on in-
tricate interactions between a number of 
variables, including those related to ge-
netics, reproduction, socio-demograph-
ics, culture, politics, and the immediate 
physical environment (Aries et al. 2012) 
and regional factors (Mazengia and Biks 
2018; Titaley et al. 2019; Pal et al. 2019). 
The aetiology of LBW is maximally relat-
ed to maternal risk factors (Dasgupta and 
Basu 2011; Golestan et al. 2011; Mum-
bare et al. 2011; Demelash et al. 2015) 
and socio-economic and psychological 
factors (Agarwal et  al. 2012; Meshram 
et al. 2016). A recent study conducted in 
India found that women suffering from 
anemia are at higher risk of poor birth 
outcomes, such as preterm birth and low 
birth weight due to weak intrauterine 
growth (Sunuwar et  al. 2020). A  study 
has documented that half of the expect-
ant mothers, children, and adolescent 
girls in India suffer from anemia (Singh 
et al. 2018). Teenage girls are more vul-
nerable to stunting due to early marriage 
and pregnancy and are more likely to 
deliver underweight babies. NFHS-5 has 
reported that 6.8% of teenage girls were 
pregnant in India. That is a  very vul-
nerable condition for future generations 
(IIPS 2021). At least half of the burden 
of anemia is due to iron deficiency, and 
both folic acid and iron deficiency during 
pregnancy are important factors for pre-
term delivery, anemia, low birth weight, 
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and increased stunting among children 
(Shah 2016; Halli et  al. 2022). Indeed, 
stunting has long-lasting effects on fu-
ture generations. In addition, a high oc-
currence of anemia among women caus-
es them to enter pregnancy in an anemic 
stage, which has well-documented ad-
verse effects on fetal growth, birth weight 
and the mother’s health (Sheila and Sho-
ba 2021). These newborns’ malnutrition 
and poor health tend to get worse after 
birth due to not getting enough nutri-
ents, especially in the first 24 months of 
life. According to a  recent study, about 
68% of under-five child mortality in India 
is linked to malnutrition (Swaminathan 
et al. 2019). Stunting is generally regard-
ed as an expression of chronic depriva-
tion from nutritional requirements at the 
population level. According to our study, 
there is a link between low birth weight 
and childhood undernutrition that is 
in line with findings reported in other 
studies (Rahman et  al. 2016; Ntenda 
and Chuang 2017; Khanra et al. 2022).

As many studies involving natural 
human populations, the present study 
also had some inherent limitations. For 
instance, it failed to reveal the sex-dif-
ference in the effects of living conditions 
and socioeconomic status on the nutri-
tional status, as it included only female 
children. It also did not measure nutri-
ent intake patterns or energy storage in 
terms of body fat deposition, such as skin 
fold measurements. Moreover, data were 
collected from parents of Bengalee girls 
aged between 3 and 12 year old. A lim-
ited number of girls at the upper end 
of the age group plausibly experienced 
menarche. The growth pattern of those 
pubertal girls could have been different 
from those who did not have their me-
narche yet during the study. However, 
the present study did not take into con-

sideration this biological phenomenon. 
The WHO also does not provide separate 
reference values for pre- and post-menar-
cheal children. 

Conclusion 

The present study suggests that having 
a  large number of family members and 
younger brothers is among high risk for 
being stunted among the girls between 3 
and 12 years of age. Similarly, the study 
shows that the risk of stunting is signif-
icantly higher in children who were de-
livered at home and had low weight at 
birth. If the Indian government is to ful-
fil the World Health Organization’s goal 
of reducing stunting by 40% by 2025, 
these primary risk factors for stunting 
among the children in India must be ad-
dressed. The present study emphasizes 
the necessity of increasing community 
involvement in various developmental 
programmes to eradicate poverty and 
raise female literacy rates. To enhance 
the nutritional status of mothers and 
children, particularly girls, it is necessary 
to strengthen health and nutrition edu-
cation. More micro-level research should 
be undertaken to broaden our knowledge 
regarding the relative role of socioeco-
nomic and demographic factors in deter-
mining the prevalence and magnitude of 
undernutrition among Indian children. 
This would enable a  proper implemen-
tation of development projects aiming 
at eradication of undernutrition and 
achievement of the targeted outcome. 

Acknowledgement

All participants and their parents are 
sincerely acknowledged for allowing for 
data collection. Block Development Of-
ficer and Child Development Programme 



Factors affecting stunting among 3–12 years old girls 121

Officer of Desopran Block are also grate-
fully acknowledged for giving their per-
missions.

Conflict of interests

The Authors declare no conflicts of in-
terests.

Authors’ contributions

PK collected and analyzed the data and 
prepared the draft manuscript. KB de-
signed and supervised the study, ana-
lyzed the data and provided intellectual 
inputs to the manuscript. RC designed 
the study and prepared the final man-
uscript. 

Corresponding author

Pikli Khanra, Department of Anthropol-
ogy, Vidyasagar University, Midnapore, 
West Bengal, India, e-mail: pikli2011@
gmail.com 

References

Abbasi S, Mahmood H, Zaman A, Farooq ZD, 
Mallk A, Saga Z. 2018. Indicators of Mal-
nutrition in Under 5 Pakistani Children: 
A DHS Data Secondary Analysis. J Medi 
Res & Health Edu 2(3):1–10. 

Agarwal G, Ahmad S, Goel K, Kumar V, Goel 
P, Garg M, Punj A. 2012. Maternal Risk 
Factors Associated with Low Birth Weight 
Neonates in a  Tertiary Care Hospital, 
Northern India. J Community Med Health 
Educ 2:177. https://doi.org/10.4172/2161-
0711.1000177

Ahmed A. 2018. Pakistan among worst per-
formers on gender equality: WEF. Avail-
able through: DAWN website https://
www.dawn.com/news/1452284 [Accessed 
14 September 2023].

Akseer N, Al-Gashm S, Mehta S, Mokdad 
A, Bhutta ZA. 2017. Global and region-
al trends in the nutritional status of 
young people: a critical and neglected age 
group.  Ann  N Y  Acad  Sci 1393(1):3–20. 
https://doi.org/10.1111/nyas.13336

Alam S. 2012. The Effect of Gender-Based Re-
turns to Borrowing on Intra-Household Re-
source Allocation in Rural Bangladesh. World 
Development 40(6):1164–1180. https://doi.
org/10.1016/j.worlddev.2011.12.009

Alesina A, Giuliano P, Nunn N. 2013. On the 
Origins of Gender Roles: Women and the 
Plough Q J Econ 128(2):469–530. https://
doi.org/10.1093/qje/qjt005

 Aries M, Hardinsyah H, Uhiman H. 2012. 
Determinants of underweight and stunt-
ing on children Aged 0-36 Month Based 
on Conditional Cash Transfer Family 
Program (CCTFP) 2007. J Nutr & Food 
7(1):19–26. 

Baqui AH, Sabir AA, Begum N, Arifeen SE, 
Mitra SN, Black RE. 2001. Causes of child-
hood deaths in Bangladesh: an update. 
Acta Paediatr 90(6):682–690. https://doi.
org/10.1111/j.1651-2227.2001.tb02434.x

Barcellos SH, Carvalho LS, Lleras-Muney 
A. 2014. Child Gender and Parental In-
vestments In India: Are Boys and Girls 
Treated Differently? Am Econ J Appl Econ 
6(1):157–189. https://doi.org/doi:10.1257/
app.6.1.157

Basu P, Chakrabartty A, Dasgupta U, Bhat-
tacharyya K, Bhattacharya S, Ali KM. 
2018. Gender Preferences in the Distri-
bution of Food among 6–24 Months Chil-
dren in an Urban Community of Kolkata. 
[pdf] Act Sci Nutr Health 2(8):17–21. 
Available at: https://actascientific.com/
ASNH/pdf/ASNH-02-0111.pdf [Accessed 
14 September 2023].

Berti PR. 2012. Intra household Distribu-
tion of Food: A  Review of the Literature 
and Discussion of the Implications for 
Food Fortification Programs.  Food Nutr 

mailto:pikli2011@gmail.com
mailto:pikli2011@gmail.com
https://www.dawn.com/news/1452284
https://www.dawn.com/news/1452284
https://doi.org/10.1111/nyas.13336
https://doi.org/10.1016/j.worlddev.2011.12.009
https://doi.org/10.1016/j.worlddev.2011.12.009
https://doi.org/10.1093/qje/qjt005
https://doi.org/10.1093/qje/qjt005
https://doi.org/10.1111/j.1651-2227.2001.tb02434.x
https://doi.org/10.1111/j.1651-2227.2001.tb02434.x
https://doi.org/doi:10.1257/app.6.1.157
https://doi.org/doi:10.1257/app.6.1.157
https://actascientific.com/ASNH/pdf/ASNH-02-0111.pdf
https://actascientific.com/ASNH/pdf/ASNH-02-0111.pdf


122 Pikli Khanra, Raja Chakraborty, Kaushik Bose

Bull 33(3_suppl2):S163–S169. https://doi.
org/10.1177/15648265120333S204

Bhuiya A, Sharmin T, Hanifi SM. 2003. Na-
ture of domestic violence against women 
in a rural area of Bangladesh: implication 
for preventive interventions. [pdf] J Health 
Popul Nutr 21(1):48–54. Available at: 
https://www.jstor.org/stable/23498834 [Ac-
cessed 14 September 2023].

Bhutta ZA, Salam RA. 2012. Global nutri-
tion epidemiology and trends. Ann Nutr 
Metab. (61 Suppl 1):19–27. https://doi.
org/10.1159/000345167

Bisai S, Mallick C. 2010. Prevalence of un-
dernutrition among Kora-Mudi children 
aged 2–13 years in Paschim Medinipur 
District, West Bengal, India. World J Pe-
diatr 7(1):31–36. https://doi.org/10.1007/
s12519-010-0239-3

Bisai S, Bose K, Ghosh A. 2008. Prevalence 
of Undernutrition of Lodha Children 
Aged 1-14 Years of Paschim Medini-
pur District, West Bengal, India. [pdf] 
Iran  J  Pediatr 18(4):323–329. Available 
at: https://tspace.library.utoronto.ca/bit-
stream/1807/58731/1/pe08052.pdf [Ac-
cessed 14 September 2023].

Bishwajit G. 2015. Nutrition transition in 
South Asia: the emergence of non-commu-
nicable chronic diseases.  F1000Research 
4(8):1–21. https://doi.org/10.12688/
f1000research.5732.2 

Biswas S, Bose K, Koziel S. 2011. Effect of social 
factors on nutritional status among rural 
Bengalee pre-school children from Eastern 
India. [pdf] Int J Hum Sci 8(1):289–300. 
Available at: https://j-humansciences.com/
ojs/index.php/IJHS/article/view/1379/657 
[Accessed 14 September 2023].

Biswas S, Koziel S, Chakraborty R, Bose K. 
2013. Sibling composition and Household 
room sharing are associated with Menar-
cheal status among rural Bengalee girls of 
West Bengal, India. Hum Biol 85(4):607–
618. https://doi.org/10.3378/027.085.0407

Black RE, Alderman H, Bhutta ZA, Gillespie 
S, Haddad L, Horton S, Lartey A, Man-
nar V, Ruel M, Victora CG, Walker SP, 
Webb P. 2013a. Maternal and Child Nu-
trition Study group. Maternal and child 
nutrition: building momentum for im-
pact.  Lancet 382(9890):372–375. https://
doi.org/10.1016/S0140-6736(13)60988-5

Black RE, Victora CG, Walker SP, Bhutta 
ZA, Christian P, De Onis M, Ezzati M, 
Grantham-McGregor S, Katz J, Martorell 
R, Uauy R. 2013b. Maternal and child 
undernutrition and overweight in low-in-
come and middle-income countries. The 
Lancet 382(9890):427–451. https://doi.
org/10.1016/S0140-6736(13)60937-X 

Chirande L, Charwe D, Mbwana H, Victor 
R, Kimboka S, Issaka AI, Baines SK, Dib-
ley MJ, Agho KE. 2015. Determinants of 
stunting and severe stunting among un-
der-fives in Tanzania: evidence from the 
2010 cross-sectional household survey. 
BMC Pediatr 15(1):15–165. https://doi.
org/10.1186/s12887-015-0482-9 

Dasgupta A, Basu R. 2011. Determinants of 
low birth weight in a  block of Hooghly, 
West Bengal: a multivariate analysis. [pdf] 
IJBMR 2(4):838–842. Available at: https://
www.biomedscidirect.com/journalfiles/
IJBMRF2011239.pdf [Accessed 14 Sep-
tember 2023].

De Onis M, Blössner M, Borghi E. 2012. 
Prevalence and trends of stunting among 
pre-school children, 1990–2020.  Public 
Health Nutr 15(01):142–148. https://doi.
org/10.1017/S1368980011001315

Soumyajit M, Debasis D, Kausik C, Kishalay 
J, Debidas G, Shyamapada P. 2011. Preva-
lence of stunting and thinness among ear-
ly adolescent school girls of Paschim Me-
dinipur district, West Bengal. [pdf] IJBMR 
2(3):781–783. Available at: https://www.
biomedscidirect.com/journalfiles/IJBM-
RF2011231.pdf [Accessed 14 September 
2023].

https://doi.org/10.1177/15648265120333S204
https://doi.org/10.1177/15648265120333S204
https://www.jstor.org/stable/23498834
https://doi.org/10.1159/000345167
https://doi.org/10.1159/000345167
https://tspace.library.utoronto.ca/bitstream/1807/58731/1/pe08052.pdf
https://tspace.library.utoronto.ca/bitstream/1807/58731/1/pe08052.pdf
https://doi.org/10.12688/f1000research.5732.2
https://doi.org/10.12688/f1000research.5732.2
https://j-humansciences.com/ojs/index.php/IJHS/article/view/1379/657
https://j-humansciences.com/ojs/index.php/IJHS/article/view/1379/657
https://doi.org/10.1016/S0140-6736(13)60988-5
https://doi.org/10.1016/S0140-6736(13)60988-5
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1186/s12887-015-0482-9
https://doi.org/10.1186/s12887-015-0482-9
https://www.biomedscidirect.com/journalfiles/IJBMRF2011239.pdf
https://www.biomedscidirect.com/journalfiles/IJBMRF2011239.pdf
https://www.biomedscidirect.com/journalfiles/IJBMRF2011239.pdf
https://doi.org/10.1017/S1368980011001315
https://doi.org/10.1017/S1368980011001315
https://www.biomedscidirect.com/journalfiles/IJBMRF2011231.pdf
https://www.biomedscidirect.com/journalfiles/IJBMRF2011231.pdf
https://www.biomedscidirect.com/journalfiles/IJBMRF2011231.pdf


Factors affecting stunting among 3–12 years old girls 123

Demelash H, Motbainor A, Nigatu D, 
Gashaw K, Melese A. 2015. Risk factors 
for low birth weight in Bale zone hospi-
tals, South-East Ethiopia: a  case–control 
study. BMC Pregnancy and Childbirth 
15(1):264–274. https://doi.org/10.1186/
s12884-015-0677-y

Dubey PK, Tiwari N, Jha RP. 2018. Regional 
Disparity in Nutritional Status in India: 
An Examination. [pdf] IJHSR 8(6):249–
258. Available at: https://www.ijhsr.org/
IJHSR_Vol.8_Issue.6_June2018/37.pdf 
[Accessed 14 September 2023].

Giri SP, Biswas S, Bose K. 2017. Prevalence 
of undernutrition among Bengalee pre-
school children of Sundarban South 
24 Parganas, West Bengal, India. [pdf] 
Hum Biol Rev 6(4): 284–300. Available 
at: http://www.humanbiologyjournal.
com/wp-content/uploads/2017/10/Vol-
ume6-Number4-Article1.pdf [Accessed 14 
September 2023].

Golestan M, Akhavan K S, Fallah R. 2011. 
Prevalence and risk factors for low 
birth weight in Yazd, Iran. [pdf] Sin-
gap  Med  J 52(10):730–733. Available 
at: http://www.smj.org.sg/sites/default/
files/5210/5210a2.pdf [Accessed 14 Sep-
tember 2023].

Grantham-McGregor SM, Fernald LCH, 
Kagawa RMC, Walker S. 2014. Effects of 
integrated child development and nutri-
tion interventions on child development 
and nutritional status. Ann N Y Acad Sci 
1308(1):11–32. https://doi.org/10.1111/
nyas.12284

Halli S, Rajeshwari AB and Jang BP. 2022. 
Birth Weight, the Differentiating Risk 
Factor for Stunting among Pre-school 
Children in India. Int J Environ Res Pub-
lic Health 19(3751):1–12. https://doi.
org/10.3390/ijerph19073751

Harker L. 2006. Chance of a  lifetime: the 
impact of bad housing on children’s lives. 
Shelter: London. 

IIPS (International Institute for Population 
Sciences). 2008. National Family Health 
Survey (NFHS 3) 2005–2006. [pdf] Mum-
bai: IIPS. Available at: https://dhsprogram.
com/pubs/pdf/frind3/frind3-vol1andvol2.
pdf [Accessed 14 September 2023].

IIPS (International Institute for Population 
Sciences). 2017. National Family Health 
Survey (NFHS 4) 2015–2016. [pdf] Mum-
bai: IIPS. Available at: http://rchiips.org/
nfhs/NFHS-4Report.shtml [Accessed 
14 September 2023].

IIPS (International Institute for Population 
Sciences). 2021. National Family Health 
Survey (NFHS 5) 2019–2020. [pdf] Mum-
bai: IIPS. Available at: http://www.iipsin-
dia.ac.in Available at:

Indian Council of Medical Research (ICMR). 
2019. Media report’ release of India 
state-level malnutrtion’ department of 
health research – ministry of health & 
family welfare government of India. 

Jain D, Sanon S, Sadowski L, Hunter W. 2004. 
Violence against women in India: evidence 
from rural Maharashtra, India. [pdf] Rural 
and Remote Health 4(4):304. Available at: 
https://www.rrh.org.au/journal/article/304 
[Accessed 14 September 2023].

Jain V, Singhal A. 2012. Catch up growth in 
low birth weight infants: Striking a healthy 
balance.  Rev Endocr Metab Disord 
13(2):141–147. https://doi.org/10.1007/
s11154-012-9216-6

Keino S, Plasqui G, Ettyang G, van den Borne 
B. 2014. Determinants of stunting and 
overweight among young children and 
adolescents in sub-Saharan Africa. Food 
Nutr Bull 35(2): 167–178. https://doi.
org/10.1177/156482651403500203

Khanra P, Bose K, Chakraborty R. 2022. 
Stunting is Associated with Low Birth 
Weight Among 3–12 Years Old Boys in 
Purba Medinipur, West Bengal, India. 
[pdf] Acta morphol anthropol 29 (1-2):81–
95. Available at: http://iempam.bas.bg/

https://doi.org/10.1186/s12884-015-0677-y
https://doi.org/10.1186/s12884-015-0677-y
https://www.ijhsr.org/IJHSR_Vol.8_Issue.6_June2018/37.pdf
https://www.ijhsr.org/IJHSR_Vol.8_Issue.6_June2018/37.pdf
http://www.humanbiologyjournal.com/wp-content/uploads/2017/10/Volume6-Number4-Article1.pdf
http://www.humanbiologyjournal.com/wp-content/uploads/2017/10/Volume6-Number4-Article1.pdf
http://www.humanbiologyjournal.com/wp-content/uploads/2017/10/Volume6-Number4-Article1.pdf
http://www.smj.org.sg/sites/default/files/5210/5210a2.pdf
http://www.smj.org.sg/sites/default/files/5210/5210a2.pdf
https://doi.org/10.1111/nyas.12284
https://doi.org/10.1111/nyas.12284
https://doi.org/10.3390/ijerph19073751
https://doi.org/10.3390/ijerph19073751
https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf
https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf
https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf
http://rchiips.org/nfhs/NFHS-4Report.shtml
http://rchiips.org/nfhs/NFHS-4Report.shtml
http://www.iipsindia.ac.in
http://www.iipsindia.ac.in
https://www.rrh.org.au/journal/article/304
https://doi.org/10.1007/s11154-012-9216-6
https://doi.org/10.1007/s11154-012-9216-6
https://doi.org/10.1177/156482651403500203
https://doi.org/10.1177/156482651403500203
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=yel-MhcAAAAJ&citation_for_view=yel-MhcAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=yel-MhcAAAAJ&citation_for_view=yel-MhcAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=yel-MhcAAAAJ&citation_for_view=yel-MhcAAAAJ:9yKSN-GCB0IC
http://iempam.bas.bg/journals/acta/acta29a/81-95.pdf


124 Pikli Khanra, Raja Chakraborty, Kaushik Bose

journals/acta/acta29a/81-95.pdf [Accessed 
14 September 2023].

Khanra P, Bose K, Chakraborty R. 2021. 
Mother’s education level is associated 
with anthropometric failure among 3- to 
12-year-old rural children in Purba Me-
dinipur, West Bengal, India. J Biosoc Sci 
53(6):856–867. 

Khanra P, Chakraborty R, Bose K. 2020. Fac-
tors affecting anthropometric failure in 
urban Bengalee children of Purba Medi-
nipur, West Bengal, India. Hum Biol Rev 
9(4):309–327.

Kirk A, Kilic T, Carletto C. 2018. Composi-
tion of Household Income and Child Nu-
trition Outcomes Evidence from Uganda. 
World Dev109 (2018):452–469. https://
doi.org/10.1016/j.worlddev.2017.03.023

Koenig MA, Stephenson R, Ahmed S, Jejeeb-
hoy SJ, Campbell J. 2006. Individual and 
contextual determinants of domestic vio-
lence in North India. Am J Public Health. 
96(1):132–138. https://doi.org/10.2105/
AJPH.2004.050872

Krieger J, Higgins DL. 2002. Housing and 
health: time again for public health ac-
tion. Am J of Pub Health 92(5):758–768. 
https://doi.org/10.2105/ajph.92.5.758

Kwon EJ, Kim YJ. 2017. What is fetal pro-
gramming?: a  lifetime health is under 
the control of in utero health.  Obstet 
Gynecol Sci 60(6):506–5019. https://doi.
org/10.5468/ogs.2017.60.6.506

Mazengia AL, Biks GA. 2018. Predictors of Stunt-
ing among School-Age Children in North-
western Ethiopia.  J Nutr Metab 2018:1–7. 
https://doi.org/10.1155/2018/7521751 

Lohman TG, Roche AF, Martorell R. 1988. 
Anthropometric Standardization Refer-
ence Manual. Chicago, IL Human Kinet-
ics Books. 

Marcoux A. 2002. Sex Differentials in Un-
dernutrition: A Look at Survey Evidence. 
Population and development Review 
28(2):275–284.

McGuir S. 2015. World Health Organiza-
tion. Comprehensive Implementation 
Plan on Maternal, Infant, and Young 
Child Nutrition. Geneva, Switzerland, 
2014. Adv Nutr 6(1):134–135. https://doi.
org/10.3945/an.114.007781

Meshram II, Rao M, Reddy C, Ravindranath 
M, Kumar S, Sreerama K, Kumar H, Ven-
kaiah R, Laxmaiah A. 2016. Prevalence 
of Under Nutrition and its Predictors 
among Under 5 Year Children in Surat 
Region, Gujarat, India. J Acad Nutr Diet 
02(01):1–12. http://doi.org/10.4172/2472-
1921.100009

Mohammed FA, Farhood HF, Abdul-Atheem-
Wtwt M. 2014. Prediction of Malnutrition 
Using Modified Subjective Global Assess-
ment-Dialysis Malnutrition Score in Pa-
tients on Chronic Hemodialysis. J Com-
mut  Med  Health Educ 04(03):1000291. 
h t t p : / d o i . o r g / d o i : 1 0 . 4 1 7 2 / 2 1 6 1 -
0711.1000291

Mondal N, Basumatary B, Kropi J, Bose K. 
2015. Prevalence of double burden of mal-
nutrition among urban school going Bodo 
children aged 5-11 years of Assam, North-
east India. [pdf] EBPH 12(4):e11497. 
Available at: https://riviste.unimi.it/index.
php/ebph/article/view/17740/15573 [Ac-
cessed 14 September 2023].

Mondal N, Sen J. 2010. Prevalence of stunt-
ing and thinness among rural adolescents 
of Darjeeling district , West Bengal, India. 
Ital. J. Public Health 54(61):54–61.

Mulugeta A, Hagos F, Stoecker B, Kruseman 
G, Linderhof V, Abraha Z, Yohannes M 
and Samuel G. 2009. Nutritional Status 
of Adolescent Girls from Rural Commu-
nities of Tigray, Northern Ethiopia. EJHD 
23(1):5–11. https://doi.org/10.4314/ejhd.
v23i1.44831 

Mumbare SS, Maindarkar G, Darade R, Yenge 
S, Tolani MK and Patole K. 2011. Mater-
nal risk factors associated with term low 
birth weight neonates: A matched-pair case 

http://iempam.bas.bg/journals/acta/acta29a/81-95.pdf
https://doi.org/10.1016/j.worlddev.2017.03.023
https://doi.org/10.1016/j.worlddev.2017.03.023
https://doi.org/10.2105/AJPH.2004.050872
https://doi.org/10.2105/AJPH.2004.050872
https://doi.org/10.5468/ogs.2017.60.6.506
https://doi.org/10.5468/ogs.2017.60.6.506
https://doi.org/10.1155/2018/7521751
https://doi.org/10.3945/an.114.007781
https://doi.org/10.3945/an.114.007781
http:/doi.org/doi:10.4172/2161-0711.1000291
http:/doi.org/doi:10.4172/2161-0711.1000291
https://riviste.unimi.it/index.php/ebph/article/view/17740/15573
https://riviste.unimi.it/index.php/ebph/article/view/17740/15573
https://doi.org/10.4314/ejhd.v23i1.44831
https://doi.org/10.4314/ejhd.v23i1.44831


Factors affecting stunting among 3–12 years old girls 125

control study.  Indian Pediatr 49(1):25–28. 
https://doi.org/10.1007/s13312-012-0010-z

Mumtaz SU, Iqtadar S, Akther MK, Niaz Z, 
Komal T, AbaidUllah S. 2019. Frequency 
and Psychosocial Determinants of Gender 
Discrimination Regarding Food Distribu-
tion among Families.  PBMJ 2(2):29–33. 
https://doi.org/10.52229/pbmj.v2i1.30

Nguyen PH, Avula R, Ruel MT, Saha KK, Ali D, 
Tran LM, Frongillo EA, Menon P, Rawat R. 
2013. Maternal and Child Dietary Diversi-
ty Are Associated in Bangladesh, Vietnam, 
and Ethiopia. J Nutr 143(7):1176–1183. 
https://doi.org/10.3945/jn.112.172247

Ntenda PAM, Chuang YC. 2017. Analysis of 
individual-level and community-level ef-
fects on childhood undernutrition in Ma-
lawi. PEDN 59(4):380–389. https://doi.
org/10.1016/j.pedneo.2017.11.019

Oudin A. 2017. Air pollution and dementia. 
J Pub Health Emerg 1(49):1–4. 

Owoaje E, Onifade O, Desmennu A. 2014. 
Family and socio-economic risk fac-
tors for undernutrition among children 
aged 6 to 23 Months in Ibadan, Nigeria. 
Pan Afr.  Med.  J 17(161):1–7. https://doi.
org/10.11604/pamj.2014.17.161.2389

Pal A, Manna S, Dhara PC. 2019. Compari-
son between the motor function of school-
aged children with normal birth weight 
and children with low birth weight: 
a  cross-sectional study. Turk J Pediatr 
61(3):374–385. https://doi.org/10.24953/
turkjped.2019.03.009 

Pal A, Pari AK, Sinha A, Dhara PC. 2017. 
Prevalence of undernutrition and associat-
ed factors: A cross-sectional study among 
rural adolescents in West Bengal, India. Int 
J Pediatr Adolesc Med 4(1):9–18. https://
doi.org/10.1016/j.ijpam.2016.08.009

Pande RP. 2003. Selective gender differ-
ences in childhood nutrition and im-
munization in rural India: the role of 
siblings. Demography 40(3):395–418.  
https://doi.org/10.2307/1515152 

Prendergast AJ, Humphrey JH. 2014. The 
stunting syndrome in developing coun-
tries. Paediatr Int Child Health 34(4):250–
265. https://doi.org/10.1179/204690551
4Y.0000000158

Prendergast AJ, Rukobo S, Chasekwa B, Mu-
tasa K, Ntozini R, Mbuya MNN, Jones 
A, Moulton LH, Stoltzfus RJ, Humphrey 
JH. 2014. Stunting Is Characterized by 
Chronic Inflammation in Zimbabwean 
Infants.  PLoS ONE 9(2):e86928. https://
doi.org/10.1371/journal.pone.0086928

Prentice AM, Ward KA, Goldberg GR, Jar-
jou LM, Moore SE, Fulford AJ, Prentice 
A. 2013. Critical windows for nutrition-
al interventions against stunting.  AJCN 
97(5):911–918. https://doi.org/10.3945/
ajcn.112.052332

Rahman MS, Howlader T, Masud MS, Rah-
man ML. 2016. Association of Low-Birth 
Weight with Malnutrition in Children un-
der Five Years in Bangladesh: Do Moth-
er’s Education, Socio-Economic Status, 
and Birth Interval Matter? PLOS ONE 
11(6):e0157814. https://doi.org/10.1371/
journal.pone.0157814

Raj A, McDougal LP, Silverman JG. 2015. 
Gendered Effects of Siblings on Child 
Malnutrition in South Asia: Cross-sec-
tional Analysis of Demographic and 
Health Surveys from Bangladesh, India, 
and Nepal. JMCH 19(1):217–226. https://
doi.org/10.1007/s10995-014-1513-0

Rao KM, Balakrishna N, Arlappa N, Lax-
maiah A, Brahmam GNV. 2010. Diet 
and Nutritional Status of Women in In-
dia. Hum Ecol 29(3):165–170. https://doi.
org/10.1080/09709274.2010.11906259

Rengma MS, Bose K, Mondal N. 2016. So-
cio-economic and demographic correlates 
of stunting among adolescents of Assam, 
North-east India. Anthropol Rev 79(4):409–
425. https://doi.org/10.1515/anre-2016-0030

Sarkar S. 2016. Cross-sectional study of child 
malnutrition and associated risk factors 

https://doi.org/10.52229/pbmj.v2i1.30
https://doi.org/10.3945/jn.112.172247
https://doi.org/10.1016/j.pedneo.2017.11.019
https://doi.org/10.1016/j.pedneo.2017.11.019
https://doi.org/10.11604/pamj.2014.17.161.2389
https://doi.org/10.11604/pamj.2014.17.161.2389
https://doi.org/10.24953/turkjped.2019.03.009
https://doi.org/10.24953/turkjped.2019.03.009
https://doi.org/10.1016/j.ijpam.2016.08.009
https://doi.org/10.1016/j.ijpam.2016.08.009
https://doi.org/10.1179/2046905514Y.0000000158
https://doi.org/10.1179/2046905514Y.0000000158
https://doi.org/10.1371/journal.pone.0086928
https://doi.org/10.1371/journal.pone.0086928
https://doi.org/10.3945/ajcn.112.052332
https://doi.org/10.3945/ajcn.112.052332
https://doi.org/10.1371/journal.pone.0157814
https://doi.org/10.1371/journal.pone.0157814
https://doi.org/10.1080/09709274.2010.11906259
https://doi.org/10.1080/09709274.2010.11906259


126 Pikli Khanra, Raja Chakraborty, Kaushik Bose

among children aged under five in West 
Bengal, India. IJPS 2(1):89–102. https://
doi.org/10.18063/IJPS.2016.01.003

Shah P. 2016. MDGs to SDGs: Reproductive, 
Maternal, Newborn and Child Health in 
India. Obs Res Found 103:2–45.

Sharma A, Katoch OR. 2016. Prevalence And 
Determinants Of Underweight: A  Study 
On School-Going Children Of Farming 
Households In Rural Areas Of District 
Doda, Jammu & Kashmir, India. Int J Re-
cent Sci Res 8(6):17360–17363. http://doi.
org/10.24327/ijrsr.2017.0806.0339

Sheila CV, Shoba S. 2021. The 5th National 
Family Health Survey of India: A Sub-Na-
tional Analysis of Child Nutrition. [pdf] 
ORF Occasional Paper No. 315:1–12 
Available at: https://www.orfonline.org/
wp-content/uploads/2021/05/ORF_Occa-
sionalPaper_315_NFHS5-ChildNutrition.
pdf [Accessed 14 September 2023].

Silverman JG, Gupta J, Decker MR, Kapur 
N, Raj A. 2007. Intimate partner violence 
and unwanted pregnancy, miscarriage, 
induced abortion, and stillbirth among 
a  national sample of Bangladeshi wom-
en. BJOG 114(10):1246–1252. https://doi.
org/10.1111/j.1471-0528.2007.01481.x

Silverman JG, Decker MR, Cheng DM, Wirth K, 
Saggurti N, McCauley HL, Falb KL, Donta 
B, Raj A. 2011. Gender-Based Disparities in 
Infant and Child Mortality Based on Mater-
nal Exposure to Spousal Violence. Arch Pe-
diatr Adolesc Med 165(1):22–27. http://doi.
org/10.1001/archpediatrics.2010.261

Singh R, Rao S, Charlette L, Thatkar PV, 
Rajaram N, Sethuraman AR. 2018. So-
cio-demographic correlates of stunting 
among children in Port Blair, India. Int. J. 
Community Med Public Health 5, 4231. 
http://doi.org/10.18203/2394-6040.ijc-
mph20183838

Solis-Soto MT, Paudel D, Nicoli F. 2020. Re-
lationship between vaccination and nu-
tritional status in children: Analysis of 

recent Demographic and Health Surveys. 
J Population Sci 42(1):1–14. https://doi.
org/10.4054/DemRes.2020.42.1

Srivastava A, Mahmood SE, Srivastava PM, 
Shrotriya VP, Kumar B. 2012. Nutrition-
al status of school-age children – A  sce-
nario of urban slums in India.  Arch 
Public Health 70(8):2–8. https://doi.
org/10.1186/0778-7367-70-8

Sunuwar DR, Singh DR, Pradhan PM. 2020. 
Prevalence and factors associated with 
double and triple burden of malnutrition 
among mothers and children in Nepal: 
Evidence from 2016 Nepal demographic 
and health survey. BMC Public Health 20, 
405. https://doi.org/10.1186/s12889-020-
8356-y

Svedberg P. 2000. Poverty and undernutrition: 
theory, measurement, and policy: a study 
prepared for the World Institute for De-
velopment Economics Research of the 
United Nations. Oxford University Press: 
Oxford. 

Soumya S, Hemalatha R, Pandey A, Kasse-
baum NJ, Laxmaiah A, Longvah T, Lodha 
R. et  al. 2019. The burden of child and 
maternal malnutrition and trends in its 
indicators in the states of India: the Glob-
al Burden of Disease Study 1990–2017. 
The Lancet Child & Adolescent Health 
3,12:855–870. https://doi.org/10.1016/
S2352-4642(19)30273-1

Titaley CR, Ariawan I, Hapsari D, Muasyaroh 
A, Dibley MJ. 2019. Determinants of the 
Stunting of Children Under Two Years 
Old in Indonesia: A  Multilevel Analysis 
of the 2013 Indonesia Basic Health Sur-
vey.  Nutrients 11(5):1106–1119. https://
doi.org/10.3390/nu11051106

Touitou Y, Portaluppi F, Smolensky MH, 
Rensing L. 2004. Ethical principles and 
standards for the conduct of human and 
animal biological rhythm research. J Biol 
& Med Rhythms 21(1):161–170. https://
doi.org/10.1081/CBI-120030045

https://doi.org/10.18063/IJPS.2016.01.003
https://doi.org/10.18063/IJPS.2016.01.003
http://doi.org/10.24327/ijrsr.2017.0806.0339
http://doi.org/10.24327/ijrsr.2017.0806.0339
https://www.orfonline.org/wp-content/uploads/2021/05/ORF_OccasionalPaper_315_NFHS5-ChildNutrition.pdf
https://www.orfonline.org/wp-content/uploads/2021/05/ORF_OccasionalPaper_315_NFHS5-ChildNutrition.pdf
https://www.orfonline.org/wp-content/uploads/2021/05/ORF_OccasionalPaper_315_NFHS5-ChildNutrition.pdf
https://www.orfonline.org/wp-content/uploads/2021/05/ORF_OccasionalPaper_315_NFHS5-ChildNutrition.pdf
https://doi.org/10.1111/j.1471-0528.2007.01481.x
https://doi.org/10.1111/j.1471-0528.2007.01481.x
http://doi.org/10.1001/archpediatrics.2010.261
http://doi.org/10.1001/archpediatrics.2010.261
https://doi.org/10.4054/DemRes.2020.42.1
https://doi.org/10.4054/DemRes.2020.42.1
https://doi.org/10.1186/0778-7367-70-8
https://doi.org/10.1186/0778-7367-70-8
https://doi.org/10.1186/s12889-020-8356-y
https://doi.org/10.1186/s12889-020-8356-y
https://doi.org/10.1016/S2352-4642(19)30273-1
https://doi.org/10.1016/S2352-4642(19)30273-1
https://doi.org/10.3390/nu11051106
https://doi.org/10.3390/nu11051106
https://doi.org/10.1081/CBI-120030045
https://doi.org/10.1081/CBI-120030045


Factors affecting stunting among 3–12 years old girls 127

UNICEF. 2012a. UNICEF, World Health Or-
ganization, The World Bank, United Na-
tions. Levels & Trends in Child Mortality: 
Report 2012. Estimates developed by the 
UN Inter-agency Group for Child Mortal-
ity Estimation. New York. 

UNICEF. 2019a. Healthy Mothers, Healthy 
Newborns: Taking Stock of Maternal 
Health. UNICEF, New York. 

UNICEF. 2012b. WHO. Joint child malnu-
trition estimates. Washington, DC: The 
World Bank.

UNICEF. 2019b. The state of the world’s chil-
dren, Children, food and nutrition, Grow-
ing well in a changing world.

UNICEF, WHO, World Bank. 2012. Unit-
ed Nations Children’s Fund WHO, The 
World Bank. UNICEF-WHO-World Bank 
Joint Child Malnutrition Estimates: Lev-
els & Trends in Child Malnutrition. New 
York, Geneva, Washington DC. 

Victora CG, Adair L, Fall C, Hallal PC, Mar-
torell R, Richter L, Sachdev HS. 2008. 
Maternal and child undernutrition: conse-
quences for adult health and human capi-
tal. The Lancet 371(9609):340–357. http://
doi.org/10.1016/s0140-6736(07)61692-4

Wassie MM, Gete AA, Yesuf ME, Alene GD, 
Belay A, Moges T. 2015. Predictors of nu-
tritional status of Ethiopian adolescent 
girls: a  community based cross sectional 
study.  BMC Nutr 1(1):2–7. https://doi.
org/10.1186/s40795-015-0015-9

WHO. 1995a. Physical Status: The Use and 
Interpretation of Anthropometry. Report 
of a  WHO Expert Committee. WHO 

Technical Report Series; 854. Geneva: 
World Health Organization.

WHO. 1995b. Growth reference: use of cen-
tiles and z-scores in anthropometry. Ge-
neva, World Health Organization.

WHO. 2006. Adolescent nutrition: a review of 
the situation in selected south-east Asian 
countries. New Delhi: World Health Or-
ganization, Regional Office For South-East 
Asia.

WHO. 2018. Definition of skilled health per-
sonnel providing care during childbirth: 
the 2018 joint statement by WHO, UN-
FPA, UNICEF, ICM, ICN, FIGO and IPA.

WHO. 2014. WHA Global Nutrition Targets 
2025: Stunting Policy Brief WHO. Gene-
va, World health organization.

WHO. 2001. Healthy food and nutrition for 
women and their families, Regional Office 
For Unicef Geneva. 

Wolde M, Berhan Y, Chala A. 2015. Determi-
nants of underweight, stunting and wast-
ing among schoolchildren.  BMC Public 
Health 15(1):2–9. https://doi.org/10.1186/
s12889-014-1337-2

WHA (World Health Assembly). 2012. Ma-
ternal, infant and young child nutrition: 
draft comprehensive implementation 
plan. Geneva. 

Zelellw AD, Gebreigziabher BG. 2014. Prev-
alence and Associated Factors of Stunting 
Among Schoolchildren, in Debre Markos 
Town and Gozamen Woreda, East Gojjam 
Zone, Amhara Regional State, Ethiopia, 
2013.  J Nutr Food Sci s8:2–5. http://doi.
org/10.4172/2155-9600.s8-007

http://doi.org/10.1016/s0140-6736(07)61692-4
http://doi.org/10.1016/s0140-6736(07)61692-4
https://doi.org/10.1186/s40795-015-0015-9
https://doi.org/10.1186/s40795-015-0015-9
https://doi.org/10.1186/s12889-014-1337-2
https://doi.org/10.1186/s12889-014-1337-2
http://doi.org/10.4172/2155-9600.s8-007
http://doi.org/10.4172/2155-9600.s8-007


 


	_Hlk145590485
	_Hlk145591662

