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Abstract
Background: The prevalence of childhood overweight and obesity is increasing in low-and middle income
countries such as Nepal. At the same time, high prevalence of chronic undernutrition persists leading to a double
burden of malnutrition.
Aim: To identify associations between the socioeconomic status of mothers, food security, the food safety
environment within the household, and prevalence of stunting and overweight of the children.
Methods: Statistical analysis of socioeconomic, food safety-related and anthropometric data from 289 mother-child
dyads in an urban area of the Kathmandu Valley, Nepal.
Results: According to WHO standards, 26 % of the children, aged 0–59 months, were stunted, 10 % were
underweight, and 6.6 % were either overweight or obese. Significantly more boys than girls were underweight
(p = 0.004) and stunted (p < 0.001). The higher education level of mothers was associated with a higher
height-for-age (HAZ) score in girls, but not with HAZ in boys. Irrespective of sex, children of mothers with highest
education level had significantly lower BMI-for-age scores (BAZ) than those of mothers with low education levels.
None of the food safety indicators were associated with either HAZ or the BAZ.
Conclusion: The education level of mothers seems to be relevant to help reduce the double burden of
malnutrition at least in some regions of Nepal. This should be taken into consideration when designing
programmes to prevent both chronic undernutrition and non-communicable diseases.
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Background
Levels of stunting in young children are declining however
where levels are still high a double health burden is developing in low and middle-income countries (LMICs) such
as Nepal. Recent estimates show that globally about 13
million infants are born with intra-uterine growth retardation, 112 million children below the age of 5 years are
underweight and 178 million are stunted, a large majority
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of which live in South East Asia [1]. Undernourished
children experience an irreversible reduction in physical
and cognitive development, become highly prone to infections and vulnerable to chronic diseases [2].
Diarrhoeal diseases are the leading causes of mortality,
morbidity and stunting among young children in LMICs
and Nepal is among the World’s top ten countries having
the highest prevalence of stunting [1]. The lack of safe
water, basic sanitation and hygiene accounts for as much
as 88 % of the disease burden from diarrhoea [3] and, particularly in LMICs, diarrhoea increases the risk of becoming wasted [4]. Despite adequate nutrition, wasting and
stunting can persist in children from LMICs and lack of
good sanitation is believed to be an essential cause [5, 6].
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LMICs such as Nepal are undergoing nutritional
transition where chronic undernutrition (stunting) is
occurring along with emerging prevalence of overweight
and obesity, creating a double burden of nutritionrelated diseases [7]. Obesity in childhood is linked with
increased risk of adult obesity and chronic disorders,
including hypertension, cardiovascular disease, glucose
intolerance and metabolic syndrome, and increased risk
of mortality [8]. Escalating rates of childhood obesity are
increasingly adding burden to the health cost of many
resource-poor countries such as Nepal [9].
Data on overweight and obesity among children in
Nepal are scarce but statistics from nearby countries
indicate childhood obesity to be surprisingly high. The
prevalence of childhood overweight/obesity in South
Asian countries is increasing [10], reaching prevalence
estimates as high as 26 % overweight and 14 % obese in
Bangladesh [11], 17 % overweight and 7.5 % obese in
Pakistan [12], and 19 % overweight and 5.3 % obese in India
[13]. Between 36 and 38 % of the South Asian population
are either over- or underweight [14–16]. A cross-sectional
study carried out in the Lalitpur district of Nepal found
14 % of private school children to be overweight and 11.3 %
to be obese [17]. In some LMICs in South-East Asia,
mothers’ education was found to be associated with their
children’s body-mass index [18].
The aim of this cross-sectional study was to analyse
associations between the education level and the employment situation of the mother, the food safety conditions
within the household and the prevalence of stunting and
overweight among young children.

Methods
Study participants

All data were recorded by trained community health
volunteers in March 2014 in ward 22 of Lalitpur district,
an urban area near Kathmandu, Nepal. This ward was
selected because it’s one of the least developed wards
and requires particularly high input of health services
and welfare benefits from the public health unit of
LSMC. There are 22 Wards in LSMC and Ward 22
contains 13 Toles (districts). In total, data from 294
mother-child dyads were recorded but 5 were excluded
due to missing information. All mothers from 13 Toles
of Ward 22, who had at least one child younger than
5 years of age, were interviewed for the survey by door-todoor contact. The applied questionnaire was pretested in
an urban setting, revised and then pilot-retested. A group
of 10 local community health volunteers (Tole Health
Promoters, THPs, and Ward Health-In-Charges, WHIC)
from ward 22 of the Lalitpur district were recruited by the
local Public Health Office. These recruits attended an
intensive 3 day training on survey methodology, including
administration of the questionnaire and how to carry out
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anthropometric measurements of mothers and their children. The ten trained recruits were divided into groups of
a minimum of three, which were accompanied by 3 staff
members of the Nutrition Promotion and Consultancy
Services (NPCS) to supervise data collection during the
entire period, All groups had both male and female
enumerators and most of the interviews were conducted
in Nepali but a few were conducted in Newari language,
the language of the majority of people living in that Ward.
The questionnaire contained questions on: self-assessed
food security; food safety; supplement intake; health checkups; infant feeding practices; along with anthropometric
measurements of the mother and her child, if under
60 months of age. Demographic information such as the
age of the mother at birth of her firstborn, the number of
family members, the number of children in the family (segregated by sex), and the time since the birth of her
youngest child (3-level scale) were recorded. Antenatal
iron supplementation (8-level scale) for the child in
question was also documented.
Food security was assessed based on having enough
money to cover food expenses (4-level scale), availability
of desired food (2-level scale), and land ownership (2level scale). To avoid bias of using only one question to
assess food security, the consistency of answers to these
three questions was checked before analysis. The following
food safety indicators were recorded: self-reported habit of
washing hands in the kitchen and the toilet for the child
and the mother, with or without soap (2 × 3 levels); water
and soap availability at interview (3 levels); the type of water
source (bought/tap/well/other); the method used to decontaminate water (boiling/filter/sunlight-UV/untreated); storage of food (in the fridge, covered or uncovered); and
cleaning procedures for fruits before consumption (washing, or not, with water of different safety levels). A possible
bias when recording the food safety parameters was that
some women could misreport that they washed their hands
with soap and water after toilet use. To overcome this bias,
data collectors were asked to check toilets or hand washing
basins in each household to see if soap was present or not.
The data collectors sought permission from the mothers
before checking their toilets or hand washing basins.
The socio-economic status was assessed based on the
duration of the women’s education, their employment
situation, and the ownership of land. The mothers’ education level was grouped into the following categories:
illiterate, attending literate classes for adults, elementary
school, secondary school, and any education going beyond secondary school. The professional activity of the
women was assigned to one of the following categories:
housewife (without profession), employee with a rather
sedentary lifestyle, running own business (usually maintaining small selling booths), and workers doing physically demanding labour.
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Anthropometric indices were recorded using a calibrated
balance (Seca 874 U, Hamburg, Germany) and a stadiometer (UNICEF, S0114400 Height measuring instrument).
The weight and the height, the z-scores of the height-for
age (HAZ), the weight-for-age (WAZ) and the body-massfor age (BAZ) were calculated using WHO AnthroPlus [19]
where the age of the child was calculated as the difference
between the date of recording and their date of birth.
Moderate or severe stunting of the children were defined
according to WHO standards [20]. Accordingly, severe
and moderate underweight were classified using the
WAZ, while overweight and obesity were defined on
the basis of the BAZ [21].
A data collector from each group had to review the
completed questionnaires to ensure accuracy of data
collection and recording at end of each day.
Statistics

The dependence of HAZ and BAZ of the children and
the BMI of the mothers on the recorded (independent)
data was evaluated with multivariable linear regression
using a step-wise backward removal procedure (threshold P value: 0.05). First, a complete multivariable linear
regression model was built including all recorded variables considered to be linked to stunting, overweight, or
obesity. Then, in subsequent steps, the variable that was
the least significant was recursively removed until the
multivariable regression model contained independent
variables with significant betas only (= minimum adequate model, MAM). Ordinal variables (e.g. education
level, food safety level of drinking water) were included
into the regression analysis due to their rank. Two-level
categorical predictor variables (e.g. male/female, yes/no)
were subjected to sigma-parametrization, which means
that they were re-coded to values of 1 or −1 and then
implemented into the multivariable linear regression
analysis. Correlations with a P value below 0.05 were
considered as significant. For multi-group comparisons,
ANOVA was applied with Fisher’s LSD post-hoc test.
Simple correlations (BMI of the mothers vs. HAZ and
BAZ of the children) were analysed with Pearson’s test.
P values of distribution inhomogeneity (crosstabulation
testing) were calculated with Fisher’s exact test. Software
packages used were STATISTICA® V. 12.1 (StatSoft Inc.,
Tulsa, OK) and [R] V. 3.1.1 (The R Foundation, Vienna,
Austria) along with RStudio V0.98.987 (RStudio Inc.,
Boston, MA).

Results
The anthropometric indices of children and their mothers’
body-mass index (BMI) are shown in Table 1. The predominant number of children per family was one (N = 256), 25
families had 2 children (N = 25) and only 8 families had 3
children (N = 8) (Table 1).
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Twenty-six percent of the children were severely or
moderately stunted. Significantly more boys than girls
suffered from moderate stunting and moderate underweight (Table 2). The prevalence of children being either
overweight or obese was 6.6 %. Almost two thirds
(63.6 %) of the children were not stunted, underweight,
overweight, or obese (Table 2). Ten children (3.5 %)
were both stunted and overweight.
General linear regression modelling suggests that a
higher HAZ is associated with the following factors: the
number of boys living in the family, the mother’s education level, family’s ownership of land, and whether the
investigated child is a girl (Table 3). Stunting (HAZ ≤ 2
Z-scores) is associated with unemployment of the mother
and the length of the time since the youngest child in the
family was born (Table 3). Female sex of the child was
associated with a higher HAZ.
The significant positive correlation between the education level of the mothers and their children’s HAZ found in
the multivariable regression was confirmed in univariable
analysis (Fig. 1). The HAZ of children of illiterate mothers
was the lowest (both girls and boys: −1.65 ± 2.22) and the
HAZ values for children of mothers having a secondary
school education or an education beyond secondary school
were the highest (both girls and boys, -0.61 ± 2.24 and
−0.76 ± 1.83, respectively). The effect of the mothers’ education on HAZ depends on the sex of the child: while the
boys’ HAZ doesn’t differ significantly among the three
education categories, the girls’ HAZ scores rise as their
mothers’ education level increases (Fig. 1).
The longer the period since the last child in the family
was born the lower was the HAZ of the children (Fig. 2,
P value from ANOVA: 0.007). Although indicated as
significant in the explorative multiple regression analysis,
covariating factors for HAZ, i.e. the number of boys in
the family, the fact whether the mother is unemployed
or whether the child’s family owns land, did not affect
the HAZ significantly when analysed by ANOVA.
None of the indicators associated with hygiene and
food safety (water source and purification, availability
and usage of soap, refrigeration, hand cleaning habits,
washing of fruits) showed a significant correlation with
the children’s HAZ.
Exploratory multivariable regression analysis indicated
that the sex- and age-standardized body-mass index
(BAZ) decreased with: the total number of the children
in the family; the education level of the mother; the
mother’s unemployment; and land ownership (Table 3).
The BAZ of children with mothers having a secondary
school degree, or higher, was significantly lower than that
of mothers having only an elementary school education or
those who have visited literate classes for adults (Fig. 3a).
The BAZ of children living with one sibling was significantly lower than that of single children (P = 0.002, Fig. 3b).
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Table 1 Anthropometric indices of the investigated mother-child dyads (N = 289) in the Lalitpur district, Nepal, spring 2014
Mean
Number of children in the family

1.14

Minimum

Maximum

1

3

SD*
0.42

Age of child (months)

24.3

1

60

Age- and sex-adjusted Z-score of height (HAZ)

−0.87

−8.59

11.5

1.89

0.13

−4.75

5.56

1.35

15.6

35.9

4.23

Age- and sex-adjusted Z-score of the body-mass index (BAZ)
Mothers’ body-mass index (BMI)

24.4

15.7

*SD: standard deviation

Children with mothers who had to work hard physically
had a significantly (P = 0.041) lower BAZ (−0.65 ± 0.08) as
compared to children with mothers without strenuous
physical activity (0.16 ± 0.33). If the child’s family owns land,
the child’s average BAZ (−0.05 ± 0.11) was significantly
lower than if this was not the case (0.41 ± 0.11).
As with HAZ, the BAZ was not associated with any of
the recorded indicators of food safety.
Thirty per cent of the mothers were overweight
(25 kg/m2 ≤ BMI < 30 kg/m2) and 12 % were obese
(BMI ≥ 30 kg/m2). If classified according to a WHO expert consultation, which stated for Asian populations
potential public health action points to be 23 kg/m2 and
27.5 kg/m2 [22], 35 % of the investigated mothers were
at moderate to high risk to develop the metabolic syndrome (23 kg/m2 - 27.49 kg/m2) and 23 % had a high to
very high risk (≥27.5 kg/m2). The mothers’ BMI correlated only moderately with the children’s BAZ (r = 0.130,
P = 0.027) and did not correlate with the HAZ (r = 0.005,
P = 0.845). General linear modelling did not reveal any
significant associations between the factors analysed and
the mothers’ BMI.

Discussion
As the group of selected mother-child dyads originated
from a Tole that is in special need of health services and
welfare benefits, no extrapolation of the results can be
made for the Nepalese general population. However, the
prevalence of the measured risk factors seems comparable to some other parts of Nepal [23]. One of the key
findings of this study is that a higher education level of

mothers is more closely associated with reduced levels
of stunting in their female offspring and not with the
hygienic conditions. The absence of an association between hygienic conditions and stunting may indicate
that hygiene may not be a key determinant of the levels
of chronic undernutrition found in this region. Food
safety conditions in Nepal continue to improve. By 2011
only 11 % of households obtained their water from
unprotected wells/springs or surface water, and 57 % of
households had achieved minimum standard toilet facilities [23]. There has been a considerable improvement
and this seems to be confirmed in this study by the
absence of an association between poor hygiene and
levels of stunting.
Improved education of the mothers seems to be a
protective factor against stunting in girls in this study. In
previous studies from LMICs, low education of mothers
has been linked with their children’s stunting, wasting
and underweight [24, 25]. Over recent years, the increased enrolment of Nepalese girls into school has been
noteworthy [26]. More females have been involved in
the labour market and this has helped Nepal’s Gini index
improve from 0.43 to 0.33 between 2000 and 2012 [26].
Similarly Nepal has over the past 15 years made significant progress towards achieving their Millennium Development Goals (MDGs) in maternal and child health
[26]. The levels of underweight in children are close to
29 %, the Nepalese MDG 4 goal for 2015 [23]. Similarly
the level of stunting decreased by 14 % between 2001
and 2006, and a further 16 % reduction was observed
between 2006 and 2011. This is partly explained by the

Table 2 Prevalence of stunting, underweight, overweight, and obesity in boys (N = 176) and girls (N = 113) in the Lalitpur district,
Nepal, who participated in the study during spring 2014. P values indicate the significance levels from Fisher’s Exact Test
Relative boys (%)

Relative girls (%)

P value

22.2

9.7

<0.001

11

7.4

9.7

0.526

5

10.8

4.4

0.004

Boys (n)

Girls (n)

39

11

Severely stunted

13

Moderately underweightc

19

Moderately stunteda
b

Severely underweight

d

4

2

2.3

1.8

1.000

Overweighte

8

5

4.5

4.4

0.950

f

2

4

1.1

3.5

0.220

Obese

: HAZ < −2 and ≥ −3 standard deviation units (SDs or Z scores) below the median. b: HAZ < −3 SDs below the median. c: WAZ < −2 and ≥ −3 SDs below the
median; d: WAZ < −3 SDs below the median; e: BAZ > 2 SD but ≤3 SDs above the median; f: BAZ > 3 SDs above the median
a
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Table 3 Significant (p < 0.05), standardized correlation factors (betas, ß) of multivariable regression analysis of z-scores of children’s
height (HAZ) and body-mass index (BAZ) and social indicators of their mothers living in the Lalitpur district, Nepal (spring 2014) in
the minimum adequate model (MAM)
HAZ

BAZ

Beta (ß)

Standard error (ß)

P value

0.185

0.087

0.035

Education level of the mother

0.182

0.059

0.002

Mother is unemployed

−0.148

0.060

0.014

The family owns land

0.143

0.060

0.018

Time passed since last pregnancy

−0.213

0.060

<0.001

Investigated child is a girl

0.314

0.086

<0.001

Effect
Number of children/family
Number of boys/family

Mother has a paid (mostly hard labour) job

considerable extension of health services such as antenatal care, family planning, and delivery services [26].
This present study suggests that an improvement in
the mothers’ education is an additional protective factor against chronic undernutrition and stunting in
young girls.
In Pakistan, mothers with virtually no school education parent the majority of malnourished infants, which
is partly explained by the introduction of complementary
foods at an inappropriate age [27]. However in the
present study the association of the mothers’ education
with their children’s stunting level depends on the sex of
the child: while the boys’ HAZ doesn’t differ significantly
among the mothers with different education, the girls’

Beta (ß)

Standard error (ß)

P value

−0.135

0.062

0.029

−0.147

0.062

0.018

−0.168

0.061

0.006

−0.167

0.061

0.006

HAZ rises if their mothers’ education increases. This
phenomenon of sex-specific differences in offspring has
been observed in countries other than Nepal. In China,
where son preference is high, male offspring showed a
sex-adjusted height advantage compared to their female
counterparts while this advantage does not occur where
son preference is low e.g. in the Philippines [28]. Traditionally, Nepali parents prefer to have a baby boy [29]
and this may lead to an education-independent favouring of boys in Nepali families. If this is expressed also at
the level of nutrition, the HAZ of boys may not differ
significantly between mothers of differing education
levels as they care and feed all boys similarly. A motivation
for the traditional favouritism of boys may be associated

Fig. 1 Education status of mothers and HAZ of their children, segregated by sex, in the Lalitpur district, Nepal as recorded in spring 2014. Points
indicate the average values plus their standard errors. Different letters assign values that are of statistically significant difference. Significance
calculations were done with a 2-way ANOVA and the LSD post-hoc test
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Fig. 2 Effect of the time since the last child was born on the children’s HAZ in the Lalitpur district, Nepal, in spring 2014. Values are
averages ± standard errors

with cultural and economic roles in Nepalese society as
the son inherits the parental property and has to take care
of his elderly parents [29]. Moreover, the majority of
people in the Lalitpur district adhere to Hindu religion
(~74 %) [30] where the birth of a female child is considered disadvantageous [29]. Thus higher education levels of
the mother appear to reduce male gender favouritism.
Indeed in this study it appears that the feeding of girls
may be even better than of boys, especially in mothers
with the highest level of education. These findings may
suggest that educated mothers are more aware of gender
equality, care, and cultural misconceptions.
In the present study, low unemployment levels of
mothers were associated with low stunting levels in their
children. This is in accordance with several studies from
South Asia and other developing countries, which report
that children of employed mothers are less likely to be
stunted [31, 32].
In this study mothers who have been to secondary school
or have a higher education had children who were significantly less frequently overweight and on average had a
lower BAZ, compared to mothers who went to only elementary school or had to visit adult literacy classes. These
findings suggest that children of better educated mothers
are less likely to be overweight/obese or underweight. Better educated mothers may be more receptive to nutritional
education and be able to prevent nutritional related problems. In Mexico and in Ethiopia, a higher education level
in mothers seems to reduce the onset of their children’s

overweight and obesity [33, 34]. However, there are exceptions to this and in some cultures a higher education of
the mother can be associated with higher levels of overweight in their children [35].
In this study the children’s sex-and age-standardized
body-mass index (BAZ) decreased along with the number of children in the family, mother’s unemployment,
and land ownership. The reduced BAZ of children with
parents owning land may be due to the fact that the
children may have less access to highly processed and
energy-dense foods as compared to those in the city area
[36], which may protect them from becoming overweight or obese. Indeed in Uganda, efforts to enhance
access to land for urban farming improved the quality of
dietary diversity and intake among urban residents [37].
In addition children living in families owning land may
be involved in field work, leading to a higher physical
activity level, a recognised protective factor against overweight and obesity [9].
The inverse correlation found here between the weight
(BAZ) of the children and the number of children in the
family has also been observed in a previous study from
Nepal [17], where children who had 2 or less siblings
were more likely to become overweight or obese compared with children from families that had 4 or more
children. Similar results were obtained in a study in
Bangladesh [38] and in both studies reduced food security, within families with many children, was explained by
reduced share of food per sibling [39].

Sarki et al. Archives of Public Health (2016) 74:35

Page 7 of 8

Abbreviations
ANOVA, Analysis of variance; BAZ, BMI-for-age z score; BMI, Body-mass index;
HAZ, Height-for-age z-score; LMIC, Low-to- middle income country; LSMC,
Lalitpur Sub-Metropolitan City; MDG, Millenium Development Goal; NPCS,
Nutrition Promotion and Consultancy Services; THP, Tole Health Promoter;
UNICEF, United Nations Children’s Emergency Fund; WAZ, Weight-for-age z score;
WHIC, Ward Health-In-Charges; WHO, World Health Organization; WMA, World
Medical Association
Acknowledgements
The authors acknowledge the contributions of the Executive Director of
NPCS: Roshani Shrestha; the Nutrition Advisors at NPCS: Deirdre Zimmerman,
Eliazabeth Atherton, Rina Tiwari; the Urban Nutrition In-charges at NPCS:
Rekha Shrestha; Rita Marsini, Sharada Shrestha; the Senior Officer at the
Social Welfare Division Ashok Shrestha, Manisha Chitrakar; the Public Health
Officer at the Social Welfare Division office: Karuna Bajracharya, Manish
Maharjan, Sita Shrestha, Roji Shakya, Sharada Shakya, Ganga Lama, Anita
Khadki, Pradeep Maharjan, Roshan Maharjan and Sanu Chori Maharjan; and
Chalida Mae Svastisalee.
Funding
This study was supported by institutional funds (FL13, AN20252001).
Availability of data and materials
The dataset this publication builds on can be accessed at https://figshare.com/
articles/Sarki_AOPH_2016_Raw_data_csv/3385162.
Authors’ contribution
MS designed the study plan, took care of the ethical clearing, was involved
in the pilot study for questionnaire approval, supervised the data collection,
was involved in the statistical evaluation and wrote the draft of the
manuscript. AR revised the entire document, commented critically the text
and initiated a re-evaluation of a part of the data. AP was involved in study
planning, was responsible for statistical evaluation and wrote parts of the
manuscript. All authors read and approved the final manuscript.

Fig. 3 Association of the children’s BAZ with education status of
their mothers (a) and with the number of children in the family
(b) in the Lalitpur district, Nepal, in spring 2014. Points labelled with
different letters indicate significantly different (P < 0.05) values

Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.

Limitations of the study

This study has all the limitations that are valid for crosssectional studies and further longitudinal and intervention studies are needed to provide final evidence for the
assumptions indicated above. However, parallel findings
from other LMICs support the idea that a low education
level of mothers is a relevant factor for the development
of double burden of malnutrition.

Conclusion
The results of this study indicate that about one third of
Nepalese children in the Kathmandu Valley are stunted,
underweight, overweight, or obese. Girls who are less stunted
seem to profit from their mothers having a higher education
level. Moreover, children of both sexes having mothers with
the highest education level are significantly less overweight
or obese (lower BAZ) compared with the children of
mothers with a lower education level. Hence, in order to effectively reduce the double burden of both under- and overnutrition in Nepal, better education of illiterate women and
girls attending elementary school seems to be a key factor.

Ethics approval and consent to participate
The study followed the principles of the Declaration of Helsinki as released
by the 64th WMA General Assembly, October 2013, and received ethical
clearance by the Ethical Committee of the Lalitpur Sub-Metropolitan City
(LSMC) Office (reference number 995/060/69). Written informed consent was
obtained from all mothers also on behalf of their children. Illiterate mothers
documented their consent with a fingerprint on the corresponding form.
Author details
1
Global Nutrition and Health, Metropolitan University College, Pustervig 8,
1126 København K, Denmark. 2Nutrition Promotion and Consultancy Services
(NPCS), NGO, Kathmandu, Nepal. 3WHO Collaborating Centre for Global
Nutrition and Health, Copenhagen, Denmark.
Received: 9 March 2016 Accepted: 21 June 2016

References
1. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al.
Maternal and child undernutrition and overweight in low-income and
middle-income countries. Lancet. 2013;382(9890):427–51.
2. MAL-ED Network Investigators. The MAL-ED study: a multinational and
multidisciplinary approach to understand the relationship between
enteric pathogens, malnutrition, gut physiology, physical growth,
cognitive development, and immune responses in infants and children
up to 2 years of age in resource-poor environments. Clin Infect Dis.
2014;59 Suppl 4:S193–206.

Sarki et al. Archives of Public Health (2016) 74:35

3.

4.

5.
6.

7.

8.

9.

10.

11.
12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Oloruntoba EO, Folarin TB, Ayede AI. Hygiene and sanitation risk factors of
diarrhoeal disease among under-five children in Ibadan, Nigeria. Afr Health
Sci. 2014;14:1001–11.
Fekadu Y, Mesfin A, Haile D, Stoecker BJ. Factors associated with nutritional status
of infants and young children in Somali Region, Ethiopia: a cross- sectional study.
BMC Public Health. 2015;15:846. doi:10.1186/s12889-015-2190-7.
Prendergast AJ, Humphrey JH. Stunting persists despite optimal feeding: Are
toilets part of the solution? Nestle Nutr Inst Workshop Ser. 2015;81:99–110.
Rah JH, Cronin AA, Badgaiyan B, Aguayo VM, Coates S, Ahmed S. Household
sanitation and personal hygiene practices are associated with child stunting
in rural India: a cross-sectional analysis of surveys. BMJ Open. 2015;5(2):
e005180. doi:10.1136/bmjopen-2014-005180.
Aitsi-Selmi A. Households with a stunted child and obese mother: trends
and child feeding practices in a middle-income country, 1992–2008. Matern
Child Health J. 2015;19:1284–91.
Llewellyn A, Simmonds M, Owen CG, Woolacott N. Childhood obesity as a
predictor of morbidity in adulthood: a systematic review and meta-analysis.
Obes Rev. 2016;17:56–67.
Mistry SK, Puthussery S. Risk factors of overweight and obesity in childhood
and adolescence in South Asian countries: a systematic review of the
evidence. Public Health. 2015;129:200–9.
Rahman S, Islam MT, Alam DS. Obesity and overweight in Bangladeshi
children and adolescents: a scoping review. BMC Public Health. 2014;14:70.
doi:10.1186/1471-2458-14-70.
Sultan K, Habiba T. Prevalence of overweight and obesity in infancy.
Bangladesh Med Res Counc Bull. 2008;34:69–70.
Mushtaq MU, Gull S, Abdullah HM, Shahid U, Shad MA, Akram J.
Prevalence and socioeconomic correlates of overweight and obesity
among Pakistani primary school children. BMC Public Health. 2011;11:
724. doi:10.1186/1471-2458-11-724.
Misra A, Shah P, Goel K, Hazra DK, Gupta R, Seth P, et al. The high burden of
obesity and abdominal obesity in urban Indian schoolchildren: a
multicentric study of 38,296 children. Ann Nutr Metab. 2011;58:203–11.
Seidell JC, Halberstadt J. The global burden of obesity and the challenges of
prevention. Ann Nutr Metab. 2015;66 Suppl 2:7–12.
Patel SA, Narayan KM, Cunningham SA. Unhealthy weight among children
and adults in India: urbanicity and the crossover in underweight and
overweight. Ann Epidemiol. 2015;25:336–41.e2.
World Health Organization. Population-based approaches to
childhood obesity prevention. World Health Organization 2012.
http://apps.who.int/iris/bitstream/10665/80149/1/9789241504782_eng.
pdf?ua=1. Accessed 10 Dec 2015.
Koirala M, Khatri RB, Khanal V, Amatya A. Prevalence and factors associated
with childhood overweight/obesity of private school children in Nepal.
Obes Res Clin Prac. 2015;9:220–7.
Wong CY, Zalilah MS, Chua EY, Norhasmah S, Chin YS, Siti N’AA.
Double-burden of malnutrition among the indigenous peoples (Orang
Asli) of Peninsular Malaysia. BMC Public Health. 2015;15:680. doi:10.1186/
s12889-015-2058-x.
World Health Organization. WHO AnthroPlus for personal computers:
software for assessing growth of the world’s children and adolescents.
Geneva: WHO; 2009. http://www.who.int/growthref/tools/en/. Accessed
12 Apr 2015.
World Health Organization. Multicentre Growth Reference Study Group ()
WHO child growth standards: length/height-for-age, weight-for-age,
weight-for-length, weight-for-height and body mass index-for-age: methods
and development. 2006. http://www.who.int/childgrowth/standards/
Technical_report.pdf?ua=1. Accessed 26 Apr 2015.
Monasta L, Lobstein T, Cole TJ, Vignerova J, Cattaneo A. Defining
overweight and obesity in pre-school children: IOTF reference or WHO
standard? Obes Rev. 2011;12:295–300.
Expert Consultation WHO. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet. 2004;363(9403):157–63.
Ministry of Health and Population (MOHP) [Nepal], New ERA, and ICF
International Inc. Calverton, Maryland. Nepal Demographic and Health
Survey 2011. Kathmandu, Nepal 2012. http://dhsprogram.com/pubs/pdf/
FR257/FR257%5B13April2012%5D.pdf. Accessed 8 May 2015.
Som S, Pal M, Bharati P. Role of individual and household level factors
on stunting: a comparative study in three Indian states. Ann Hum Biol.
2007;34:632–46.

Page 8 of 8

25. Wolde M, Berhan Y, Chala A. Determinants of underweight, stunting and
wasting among schoolchildren. BMC Public Health. 2015;15:8. doi:10.1186/
s12889-014-1337-2.
26. Kuruvilla S, Schweitzer J, Bishai D, Chowdhury S, Caramani D, Frost L, et al.
Success factors for reducing maternal and child mortality. Bull World Health
Organ. 2014;92:533–44B.
27. Liaqat P, Rizvi M, Qayyum A, Ahmed H. Association between
complementary feeding practice and mothers education status in
Islamabad. J Hum Nutr Diet. 2007;20:340–4.
28. Song S, Burgard SA. Does son preference influence children’s growth in
height? a comparative study of Chinese and Filipino children. Popul Stud
(Camb). 2008;62:305–20.
29. Tiwari N. The value of sons and daughters among the Gurungs in Nepal.
Contr Nepalese Stud. 2006;33:1–15.
30. Government of Nepal, National Planning Commission Secretariat, Central
Bureau of Statistics, Ramshahpath, Thapathali. Statistical Year Book of
Nepal – 2013. Kathmandu, Nepal. 14th Edition, 2013, p. 24. Accessed
8 May 2016.
31. Deshmukh PR, Sinha N, Dongre AR. Social determinants of stunting in rural
area of Wardha, Central India. Med J Armed Forces India. 2013;69:213–7.
32. Keino S, Plasqui G, Ettyang G, van den Borne B. Determinants of stunting
and overweight among young children and adolescents in sub-Saharan
Africa. Food Nutr Bull. 2014;35:167–78.
33. Leroy JL, Habicht JP, González De Cossío T, Ruel MT. Maternal
education mitigates the negative effects of higher income on the
double burden of child stunting and maternal overweight in rural
Mexico. J Nutr. 2014;144:765–70.
34. Lazzeri G, Pammolli A, Pilato V, Giacchi MV. Relationship between 8/9-yr-old
school children BMI, parents’ BMI and educational level: a cross sectional
survey. Nutr J. 2011;10:76. doi:10.1186/1475-2891-10-76.
35. Maddah M, Nikooyeh B. Factors associated with overweight in children in
Rasht, Iran: gender, maternal education, skipping breakfast and parental
obesity. Public Health Nutr. 2010;13:196–200.
36. Bharati DR, Deshmukh PR, Garg BS. Correlates of overweight & obesity
among school going children of Wardha city, Central India. Indian J Med
Res. 2008;127:539–43.
37. Yeudall F, Sebastian R, Cole DC, Ibrahim S, Lubowa A, Kikafunda J. Food and
nutritional security of children of urban farmers in Kampala, Uganda. Food
Nutr Bull. 2007;28(2 Suppl):S237–46.
38. Das J, Das SK, Hasan T, Ahmed S, Ferdous F, Begum R, et al. Childhood
malnutrition in households with contemporary siblings: a scenario from
urban Bangladesh. Eur J Clin Nutr. 2015;69:1178–9.
39. Islam S, Mahanta TG, Sarma R, Hiranya S. Nutritional status of under 5
children belonging to tribal population living in riverine (Char) areas of
Dibrugarh district, Assam. Indian J Commun Med. 2014;39:169–74.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

