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1 | INTRODUCTION

Abstract

Despite substantial reductions in recent years in Nepal, stunting prevalence in children younger
than 5 years remains high and represents a leading public health concern. To identify factors con-
tributing to the stunting burden, we report multilevel risk factors associated with stunting in
4,853 children aged 6-59 months in a nationally and agroecologically representative random
sample from the first year of the Policy and Science for Health, Agriculture, and Nutrition Com-
munity Studies, a community-based observational, mixed-panel study. Mixed effects logistic
regressions controlling for multilevel clustering in the study design were used to examine the
association of individual-, household-, and community-level factors associated with stunting.
Stunting prevalence was 38% in our sample. After adjustment for potential confounding variables,
maternal factors, including maternal height and education, were generally the strongest individ-
ual-level risk factors for stunting, adjusted odds ratio (AOR) = 2.52, 95% ClI [1.96, 3.25], short
(<145 cm) versus not short mothers; AOR = 2.09, 95% Cl [1.48, 2.96], uneducated mothers ver-
sus secondary school graduates. Among the household- and community-level factors, household
expenditure and community infrastructure (presence of paved roads, markets, or hospitals) were
strongly, inversely associated with increased stunting risk, AOR = 1.68, 95% Cl [1.27, 2.24], low-
est versus highest household expenditure quintile; AOR = 2.38, 95% Cl [1.36, 4.14], less devel-
oped (lacking paved roads, markets, or hospitals) versus more developed communities.
Although most factors associated with stunting are not rapidly modifiable, areas for future
research and possible interventions emerged.
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organizations, reflected by stunting reduction goals embedded in

Stunting (height-for-age z-score [HAZ] < -2) affects close to a quarter
of the world’s child population younger than 5 years, with South Asia
bearing over half of the childhood-stunting burden (United Nations
Children’s Fund, 2015). Stunting both reflects chronic undernutrition
and sustained resource-constrained environments and is often associ-
ated with an increased risk of impaired cognition, reduced economic
productivity, poor health outcomes throughout the life cycle, and poor
survival overall (Fenske, Burns, Hothorn & Rehfuess, 2013; Dewey &
Begum, 2011a). In recent years, efforts to prevent stunting have been
among the leading priorities of governments, donors, and civil society

global health policies and the targets of the Sustainable Development
Goals (International Council for Science, 2015; International Food Pol-
icy Research Institute, 2015). Nepal, with an approximate population
of children younger than 5 years of 3.5 million, has experienced major
improvements in stunting between 2001 and 2011, with stunting
prevalence decreasing 16.6% during this time (Headey & Hoddinott,
2015; Ministry of Health and Population, 2012). Nevertheless, the
national stunting prevalence of children younger than 5 years still
remains staggeringly high at 41% (Ministry of Health and Population,
2012). Since the late 1990s, substantial improvements have been
made in infrastructure, health services access, sanitation, food access,
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and nutrient supplementation, all of which have contributed to the
stunting decline (Headey & Hoddinott, 2015; Ministry of Health and
Population, 2012). However, these improvements are still relatively
recent and may be not be as widespread among the most impoverished
or vulnerable populations, similar to inequities in nutritional health glob-
ally (Devkota, Adhikari & Upreti, 2016; Restrepo-Mendez, Barros, Black,
& Victora, 2015).

The causes of stunting are complex and consist of a web of under-
lying factors that span the individual, household, and community.
Household wealth, sex of a child, infection, suboptimal childcare prac-
tices, birth order (presence of a younger sibling), and maternal under-
nutrition represent some of these multifaceted factors associated
with stunting (Black et al., 2013). Studies in Nepal have identified child
age, socioeconomic status, maternal undernutrition and education, and
poor infant and young child feeding practices as some the strongest
risk factors for child stunting (Pramod Singh, Nair, Grubesic, & Connell,
2009; Ruwali, 2011; Paudel, Pradhan, Wagle, Pahari, & Onta, 2012;
Acharya, Gautam, Kaphle, & Naupane, 2013; Singh & Ram, 2014;
Tiwari, Ausman, & Agho, 2014). Even so, most studies that explore
determinants of stunting in Nepal have largely been limited to either
certain geographical regions or disadvantaged subgroups (Acharya
et al., 2013; Paudel et al., 2012; Pramod Singh et al., 2009; Ruwali,
2011; Singh & Ram, 2014). To our knowledge, only one study in Nepal
has examined the relationship between multilevel risk factors for child-
hood stunting using a nationally representative sample collected in
2011 (Tiwari et al., 2014). This study utilizes Demographic Health
Survey (DHS) datasets, and although an extensive number of risk fac-
tors were assessed, the DHS contains limited information on risk fac-
tors related to child care knowledge, household expenditure,
agricultural factors, and community infrastructure (Tiwari et al,
2014); as a result, associations with these factors were not explored.

Since 2011, actors from the government, donor, and development
communities in Nepal have coalesced to increase collaboration, invest-
ment, and action to improve nutritional outcomes of the population,
including stunting in children younger than 5 years (National Planning
Commission, 2012; 2013). Given the persistently high-stunting rates,
we found that there remains a need to identify and address risk factors
for stunting within the context of increased policy and programmatic
efforts. This paper aims to identify multilevel factors associated with
stunting risk in children younger than 5 years utilizing a nationally
and agroecologically representative random sample from the first
panel survey of the Policy and Science for Health, Agriculture, and
Nutrition (PoSHAN) Community Studies, an ongoing annual, same-
season community-based observational, panel study.

2 | METHODS

2.1 | Study design

The PoSHAN Community Studies utilize a panel design with a nation-
ally representative sample, wherein annual surveys are conducted in
the same districts, village development committees (VDC), wards,
and households over time across each of the three main agroecolog-

ical zones. Each annual survey provides cross-sectional data on
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Key messages

e Stunting prevalence remains a public health concern in
Nepal, affecting 38% of children younger than 5 years
in our nationally and agroecologically representative

sample.

e Some of the risk factors of stunting identified may
not be rapidly modifiable, including poverty, limited

community infrastructure, and maternal undernutrition.

e Higher maternal education was strongly associated with
reduced stunting risk, highlighting the importance of

promoting education among girls.

e Agricultural productivity was associated with reduced

stunting in the terai, but not hills and mountains.

e Targeted interventions, including health and nutrition
education among uneducated women and improving
agricultural productivity in the terai, may present

opportunities to improve child nutrition.

market, community, household, and individual factors that may influ-
ence and/or be affected by pathways that link agriculture to nutrition
outcomes. The panel surveys assess household factors (food security;
agricultural production; income; expenditure; assets; exposure to
agriculture, health, and microcredit extension services; and water,
sanitation, and hygiene factors), individual factors (use of health and
nutrition services, morbidity, dietary intake, and nutritional status
among women and children younger than 5 years), and community
factors (local market food prices and the presence of various infra-
structure in wards and/or VDCs, such as markets, hospitals, and
paved roads). The PoSHAN Community Studies’ sample is
agroecologically representative, achieved by stratifying the country
into its three main agroecological zones: the mountains, hills, and
plains (terai). From each stratified sampling frame, 7 VDCs were sys-
tematically randomly selected, producing a total sample of 21 VDCs
spanning from west to east of each agro zone. Three wards were then
selected using random sampling, rendering 64 wards in which data
collection has been ongoing since 2013. Study sites are visited annu-
ally, in the same season, and data are collected from every consenting
household that meet the following eligibility criteria: a child younger
than 5 years or a woman married in the previous 2 years; thus, an
embedded longitudinal sample is produced. Data from the first
annual panel survey collected from May to July 2013 were analyzed
to identify the risk factors for stunting in children younger than

5 years.

2.2 | Data collection

Twenty-one hired field teams, consisting of three interviewers and one
supervisor in each VDC, from a local research firm (New ERA), per-
formed the data collection, under the direction and supervision of

JHU and the Nepal Nutrition Innovation Lab Kathmandu team. Field
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teams were trained and standardized in obtaining informed consent,
conducting interviews, and anthropometric measurements (weight,
height, and mid-upper arm circumference [MUAC]) prior to the start
of data collection. Household interviews were conducted with the head
of household, woman surveys were conducted with newly married
women or children’s mothers, and child surveys were conducted with
the child’s mother or caretaker. Community and market assessments
were also conducted; locations of health and agricultural services and
infrastructure (schools, roads, hospitals, etc.) were mapped; and unit
prices of foods and agricultural inputs in local markets recorded. Loca-
tions of households were also mapped to facilitate relocation of house-
holds in subsequent surveys. All data collection followed quality control
procedures. Data were collected using paper forms that were sent to a
central data management location for processing and entry where fur-
ther quality assurance procedures were followed.

2.3 | Anthropometric assessment

Anthropometric assessment included height, weight, and MUAC.
Triplicate measurements for height or length were taken using Shorr
height-length boards, for weight using SECA scales (Model 876,
SECA, USA) and for MUAC measurements using a nonstretch inser-
tion tape; mean values were utilized in analyses. Recumbent length
was measured for children younger than 2 years; standing height
was measured for women and children 2 years of age or older. A sub-
set of households was revisited throughout the data collection period,
and anthropometric measurements were retaken to ensure the qual-
ity of the data, improve reliability, and minimize measurement error.
HAZ, weight-for-age (WAZ), and weight-for-height (WHZ) z-scores
were calculated for each child to assess nutritional status in reference
to the Child Growth Standards of the World Health Organization
(WHO) (WHO Multicentre Growth Reference Study Group, 2006).
Children with an HAZ, WAZ, or WHZ < -2 standard deviations from
the reference group median were defined as stunted, underweight,
and wasted, respectively.

2.4 | Risk factors

To facilitate the exploration of the breadth of risk factors for child
stunting younger than 5 years, we categorized the explanatory vari-
ables into individual-level (child and maternal factors), household-level
(socioeconomic; water, sanitation, hygiene [WASH], and agricultural
factors), and community-level factors. The selection of these variables
was informed by a review of the existing literature and factors that
have been shown or hypothesized to be associated with stunting
(Acharya et al., 2013; Black et al., 2013; Headey & Hoddinott, 2015;
Humphrey, 2009; Paudel et al., 2012; Pramod Singh et al., 2009;
Ruwali, 2011; Singh & Ram, 2014; Tiwari et al., 2014).

24.1 | Individual-level factors

24.1.1 | Child-level factors
Sex; reported age; low MUAC (<12.5 cm) and wasting (at the time of

the interview); dietary intake (assessed by a 51-item 7-day food
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frequency questionnaire [FFQ]) and dietary diversity (in 7 days prior
to the interview); reported recent morbidity (within 30 days prior to
the interview); receipt of prophylactic vitamin A capsules and/or
deworming tablets during national distribution campaigns, utilization
of health facilities, home visits by female community health volun-
teers (FCHV), and/or participation in a growth-monitoring program
(all within the year prior to the interview); and receipt of at least
one dose of the diphtheria, pertussis, and tetanus (DPT) vaccine were
included in the analysis. Child age was reported by mothers and
checked by immunization cards, when available; supportive tech-
niques, such as referencing events and calendars were also used to
help the mother ascertain the child’s age. The FFQ used in this study
was adapted from previous studies conducted in Nepal (the Nepal
Nutrition Intervention Project Sarlahi studies; Campbell et al., 2014;
Campbell et al.,, 2015). Foods included represented a summary of
items that are typically found in all three zones, but may not be avail-
able in all markets at the same time of year. After pretesting the ques-
tionnaire in different agroecological regions, the survey was revised
to capture any additional foods commonly consumed that were not
previously included in the questionnaire. The same questionnaire
was administered to participants in each agroecological zone. For
each child, we computed a dietary diversity score (DDS) adapted
from the Food and Agriculture Organization’s (FAO) nine food group
DDS (Kennedy, Ballard, & Dop, 2011). In our study, organ meat was
not included in the FFQ of the first annual survey, but has since been
included in subsequent annual surveys. As a result, for these analy-
ses, the DDS was computed based on the consumption of each of
the following eight food groups (rather than nine as in the Food
and Agriculture Organization DDS wherein organ meat is included)
as reported through the 7-day FFQ: starchy staples; legumes nuts
and seeds; dairy (milk or yogurt); eggs; flesh foods (meat, poultry,
and fish); dark green leaves; other provitamin A-rich fruits and vege-
tables (ripe mango, jackfruit, pumpkin, papaya, and carrots); and other
fruits and vegetables (Kennedy et al., 2011). Intake was categorized
as any versus no consumption of any of the food items comprising
a food group. Intake was not adjusted by agroecological zone as con-
sumption of aggregate food groups, rather than specific foods, were
studied. Recent morbidity in the previous 30 days included any
reported occurrence of diarrhea, fever, acute respiratory infection
(productive cough and 21 of the following: high fever, grunting, rapid
breathing, and/or chest indrawing), and purulent ear or eye infections
(with pus or discharge) as these are often linked to acute and chronic
malnutrition. Each morbidity was examined separately, rather than as
a composite variable for any illness, to elucidate which morbidities, if
any, were associated with stunting in our sample. Receipt of the DPT
vaccination was used as a surrogate for proper immunization due to
its early administration (as young as 6 weeks), ensuring most children

should have received at least one dose.

2412 |

Age, reported pregnancy status, educational attainment, knowledge of

Maternal-level factors

childcare and feeding practices (knowledge score determined by the
number of appropriate responses given to 18 questions regarding

breastfeeding, complementary feeding, and treatment of child illness
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during the women'’s interview), and short stature (height < 145 cm),
low weight (<45 kg), and low MUAC (<22.5 cm; assessed through
anthropometric measurement) were included in the analysis.

24.2 |

Socioeconomic factors: head of household gender, household size,

Household-level factors

receipt of remittances in the last month, monthly expenditure, and food
insecurity were included. Total monthly expenditure was used as a
proxy for resources available to the household and was categorized into
quintiles. Food insecurity was measured using FANTA's Household
Food Insecurity Access Scale and Months of Adequate Household Food
Provisioning (Coates, Swindale, & Bilinksy, 2007) that captured the

household'’s perceived household food security over the past 30 days.

Water, Sanitation, and Hygiene factors (WASH): source of drinking
water, location of child defecation, and location where animals are kept
(all self-reported), and the presence of rubbish and/or human and/or
animal feces around the house or compound (determined through
household observation by interviewers) were included.

Agricultural-level factors: total land area cultivated (owned, rented, or
used in the previous year), the number of different crops produced
(this count included staple and cash crops, fruits, and vegetables) and
the proportion of each sold by the household during both rainy (June
to September) and dry seasons (October to May), and any reported
expenditure on agricultural inputs (seed or fertilizer) during the previ-

ous year were employed in the analysis.

243 |

Agroecological zone and village development committee infrastructure

Community-level factors

were included in the analysis. A village development committee was
considered more developed if it contained any one of the following:
paved roads, a permanents bazaar (market), or a hospital. The presence
of this infrastructure was determined through participatory community
mapping conducted with a diverse group of VDC inhabitants and con-
firmed through collection of GPS coordinates.

2.5 | Statistical analysis

All analyses were restricted to children 6-59 months of age, and
stunting (HAZ < -2) was the outcome of interest. The unadjusted risk
of stunting is reported as odds ratios (OR) with 95% confidence inter-
vals (Cl), associated with each of the of the individual-, household-, and
community-level factors. We utilized mixed effects logistic regressions,
including agroecological zone as a fixed effect and VDC or ward clus-
ters and households as random effects to control for clustering in the
study design (Model 1). Models were subsequently adjusted for mater-
nal and child age, child sex, and expenditure quintile to better isolate
the effect of each explanatory variable on stunting risk, reported as
adjusted OR with 95% CI (Model 2). Using stepwise regression, vari-
ables that retained statistical significance (OR p value < .05) were
included in the final model (Model 3). Given the strong association
between poverty and stunting, we also tested interactions between
household expenditure and each of the risk factors. However, overall,

the interactions were null, and household expenditure was retained in
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adjusted models. All analyses were conducted using STATA version 13
statistical software (StataCorp, College Station, TX, USA).

2.6 | Ethical approval

Ethical approval for the study was provided by the Nepal Health
Research Council, an autonomous body, under the Ministry of Health
and Population, Government of Nepal and the Institutional Review Board
at the Johns Hopkins Bloomberg School of Public Health, Baltimore, MD.

3 | RESULTS

3.1 |

A total of 4,943 children 6-59 months of age from 3,665 households
(674, 957, 2034 in mountains, hills, and terai, respectively) were sur-

Study population

veyed. Ninety children (2% of total) were excluded from this analysis
due to missing height or length data, resulting in an analytic sample
of 4,853 children aged 6-59 months (Figure 1). Less than 1% of chil-

dren were missing risk factor information.

3.2 | Sample characteristics

Sample characteristics are presented in Table 1. The majority of the
children were between 24 and 59 months of age (mean age:
33.0 + 15.6 months). Overall stunting and wasting prevalence were high
at 38% and 18%, respectively. Mothers’ nutritional status was also poor,
with nearly a third being undernourished (MUAC <22.5 cm). Most mothers
were between 20 and 29 years of age and were largely uneducated.

Diarrhea was the most prevalent morbidity, affecting one in three
children in the month before the survey, followed by high fever in 15%.
The majority of children received a high-dose vitamin A supplement
and a deworming tablet in the past year, although relatively few chil-
dren were visited by an FCHV or participated in a growth-monitoring
program. Consumption of starchy staples, legumes, and oil were ubig-
uitous, and 80% of children reportedly consumed non-vitamin A-rich
fruits and vegetables in the week prior to the survey. Only half con-
sumed dairy products, meat, dark leafy greens, or vitamin A-rich fruits
and vegetables, whereas intake of egg and fish was limited.
Breastfeeding remained common until 23 months of age, but dimin-
ished to 29% among children 24-59 months.

Households were generally male headed with one or two children
younger than 5 years, and approximately one-third received remit-
tances in the past year. Forty percent of children lived in food insecure
households, with slightly over 5% suffering from severe food insecu-
rity. Most households were engaged in subsistence agriculture, culti-
vating small plots of land (<0.5 ha), and producing five or more crops,
largely for home consumption. About 10% of households were located
in wards with limited infrastructure lacking roads, a hospital, or a mar-
ket. Overall, WASH practices were poor. Two-thirds of households
practiced open defecation, and rubbish or feces were observed in or
around half of all homes. However, nearly all households consumed

water from a protected source.
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FIGURE 1  Consort diagram for children
younger than 5 years with height-for-age/
length-for-age z-scores in the Policy and
Science for Health, Agriculture, and Nutrition
Community Studies annual survey, 2013.
VDC = village development committees

3.3 | Risk factors for stunting

Risk factors, presented in Table 2, are reported sequentially from the
more proximal factors (individual-level factors), to more distal factors

(household- and community-level factors).

331 |

With the exception of child age and wasting, most child-level factors

Individual-level factors: Child

showed weak or null associations with child stunting. Older children
were increasingly more likely to be stunted shown by children 12-23
and 24-59 months of age being over three and four times (95% CI > 1)
more likely to be stunted than those 6-11 months, respectively, in
unadjusted analyses; these associations were further strengthened
after full adjustment. In all models, wasted children were 50% more
likely to be stunted (95% CI > 1) than nonwasted children. Although
morbidity in the previous month generally showed positive associa-
tions with stunting, after adjustment, these relationships were only
weakly significant for high fever and purulent eye infection.

Age was a strong confounder in several of the relationships
between child-level factors and stunting risk. Intake of several individ-
ual food groups (starchy staples, oil, fish, dark green leafy vegetables,
and other fruits groups), higher dietary diversity, and the receipt of
vitamin A or deworming pills were associated with an increased risk

of stunting in unadjusted analyses (ORs ranged from 0.50 to 0.80,
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Total number of eligible* households
in 21 sampled VDCs
N=4380

Refused the interview
2 N=59

Unavailable/not met for the
interview
N=33

\V

Households interviewed

N=4288
Interview not completed
’ N=1
Households with completed
interviews
N=4287

Households with a recently
married woman

N=425
N
Households interviewed with
children under-5 years
N=3862
\?
Children under-5 years
N=5401
Children <6 months
N=458
Children 6-59 months
N=4943
Children 6-59 months missing
height/length data
N=90

Total children 6-59 months
with height/length-for-age z-scores
N=4853

2Eligible households are those having 1 or more children <5 years of age or a recently married woman, within the past two years

95% Cl < 1). After controlling for age, however, these factors were
associated with a decreased risk of stunting, although none were sig-
nificant in the final model. Age was also a strong confounder in the
relationship between stunting and breastfeeding. Prior to age adjust-
ment, children not breastfed were 27% (95% Cl > 1) more likely to
be stunted but, after age adjustment, were 24% less likely to be
stunted (95% Cl > 1). This counterintuitive relationship is driven by
the high prevalence of children aged 24-59 months in our sample
and the negative association between breastfeeding and stunting
among this age group, AOR: 0.71, 95% ClI < 1 (Table S1).

3.3.2 | Individual-level factors: mothers

In our study population, indicators related to women's nutritional sta-
tus and educational attainment were clear risk factors of stunting. In
unadjusted analyses, children of short (<145 cm), low weight
(<45 kg), and thin women (MUAC < 22.5) were 1.6-3 times (95% Cl > 1)
more likely to be stunted, while children of mothers not formally edu-
cated or mothers that lacked knowledge of appropriate child care prac-
tices (e.g. feeding and treatment for illness) were 3 times (95% Cl > 1)
more likely to be stunted. After full adjustment, only mother’s height,
weight, and educational attainment were significant predictors of
stunting, although the strength of associations were somewhat atten-
uated. Neither maternal age nor pregnancy status showed an associa-

tion with child stunting.
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TABLE 1 Sample characteristics of children 6-59 months of age in the Policy and Science for Health, Agriculture, and Nutrition Community

Studies annual survey, May-July 2013, Nepal

Sample characteristics N = 4,853 Sample characteristics N = 4,853
n (%) n (%)
Individual-level factors: child Household-level factors: socioeconomic
Child Age Male head of household 3,576 (73.7)
6-11 months 556 (11.5) Children younger than 5 years in household
12-23 months 1,052 (21.7) 1 2,321 (47.8)
24-59 months 3,245 (66.9) 2 1,878 (38.7)
Male children 2,554 (52.6) >3 654 (13.5)
Child stunting (height-for-age z-score < -2) 1,838 (37.9) Expenditure quintile
Child wasting (weight-for-height z-score < -2) 864 (17.8) 1st (highest) 887 (18.3)
Recent morbidity (any times in last 30 days): 2nd 1,031 (21.3)
Diarrhea 1,453 (30.0) 3rd 941 (19.4)
Fever 743 (15.3) 4th 898 (18.5)
Acute respiratory infection® 401 (8.3) 5th (lowest) 1,095 (22.6)
Ear Infection (purulent) 229 (4.7) Household food insecurity
Eye infection (purulent) 220 (4.5) None 2,789 (57.5)
Dietary intake (any times in last 7 days): Mild 901 (18.6)
Starchy staples® 4,751 (97.9) Moderate 828 (17.1)
Legumes, nuts, or seeds 4,538 (93.5) Severe 333 (6.9)
Qil 4,560 (94.0) Remittances received (past year) 1,685 (34.7)
Milk or yogurt 3,017 (62.2) Household-level factors: water,
sanitation, and hygiene
Eggs 1,360 (28.0) Protected drinking water source® 4,503 (92.9)
Fish 823 (17.0) Open child defecation” 3,207 (66.2)
Meat 2,557 (52.7) Animals kept inside house/kitchen 1,632 (33.6)
Dark green leaves 2,989 (61.6) Human and/or animal feces observable
Provitamin A-rich fruits and vegetables® 2,655 (54.8) around the house or compound 2,629 (54.2)
Other fruits and vegetables 3,873 (79.8) Rubbish observable around the house
Dietary diversity score > 4 4,180 (86.2) or compound 2,463 (50.8)
Breastfed in previous week 2,407 (49.6) Household-level factors: agricultural production
6-11 months 549 (98.7) Any household crop production’
12-23 months 919 (87.4) >5 crops 2,060 (42.5)
24-59 months 939 (28.9) 1-5 crops 1,113 (22.9)
Health services (in past 12 months): None 1,680 (34.6)
Received DPT (ever received =1 dose) 4,612 (95.7) Household sold any crops’ 1,622 (33.4)
Participated in growth monitoring 975 (20.1) Land area cultivated by household (hectares)
Received deworming tablet® 3,709 (76.9) >0.5 ha 1,488 (30.7)
Received vitamin A (21 dose)® 4,180 (86.4) <0.5 ha 1,975 (40.7)
Visited by a female community health None 1,390 (28.6)
volunteer 1,124 (23.2) Any household expenditure on
Went to any health facility 3,928 (80.9) agricultural inputs® 2,758 (57.2)
Individual-level factors: mothers Community-level factors
Maternal age (years) Agroecologic zone
<20 225 (4.7) Mountains 849 (17.5)
20-29 3,265 (67.5) Hills 1,150 (23.7)
230 1,347 (27.9) Terai 2,854 (58.8)
Low maternal height (<145 cm) 576 (11.9) Village development committee
Low maternal weight (<45 kg) 2,223 (46.1) infrastructure is more developed' 4,435 (91.4)
Low maternal mid-upper arm
circumference (<22.5 cm) 1,345 (27.8)

(Continues)
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TABLE 1 (Continued)
Sample characteristics N = 4,853 Sample characteristics N = 4,853
n (%) n (%)
Currently pregnant 478 (9.9)
Maternal education
Graduated secondary and above 409 (8.5)
Some secondary 1,014 (21.0)
Primary 587 (12.1)
None 2,826 (58.4)
Child care knowledge scoref
216 316 (6.6)
11-15 2,017 (41.9)
5-10 2,341 (48.7)
<5 138 (2.9)

DPT = diphtheria, pertussis, tetanus vaccine.

2Information for each factor is missing for <1% of children.

PAcute respiratory infection includes productive cough and 21 of the following: fever, rapid breathing, grunting, and/or chest-in drawing.

Starchy staples include rice, maize, wheat, millet, and potatoes.

4Vitamin A-rich fruits and vegetables include carrots, drumstick, ripe pumpkin, ripe mango, ripe papaya, and ripe jackfruit.

®Does not include provision of supplement and/or tablet for treatment.

fNumber of correct answers out of 18 given regarding breastfeeding, complementary feeding, and treatment of child illness.

8Protected sources include a ring well, tube well and/or borehole, piped water, or bottled water; unprotected sources include a stone tap, stream, river, pond,

canal, or unprotected ring well.

hOpen defecation includes an open field, outdoors, or in a body of water; not open defecation includes a toilet or diaper.

iNumber of different field crops produced in the rainy and dry season of previous year.

iSold any proportion of field crops produced in the rainy and dry season of the previous year.

Agricultural inputs include seed and/or fertilizer.

'More developed infrastructure includes paved roads, a hospital, or a bazaar.

333 |

In unadjusted analyses, children from larger households, those with

Household-level factors: socioeconomic and WASH

lower monthly expenditure, moderate or severe food insecurity, or
that did not receive remittances in the past year were 19-71% more
likely to be stunted (95% Cl > 1). Children from households with unhy-
gienic environments or unprotected drinking water were 7-35% more
likely to be stunted than children living in more sanitary environments,
although only the presence of rubbish around the household was sig-
nificantly associated with stunting. Additionally, after adjusting for
household expenditure, we found children from female-headed house-
holds were approximately 25% less likely (95% Cl < 1) to be stunted
than those from male-headed households. In the final adjusted model,
however, only household size, head of household gender, and monthly

expenditure remained significantly associated with childhood stunting.

334 |

Overall, children from households not cultivating any land or growing

Household-level factors: agricultural production

or selling any crops appeared 1.2-1.4 times more likely to be stunted
in adjusted analyses; although none of the agricultural factors exam-
ined were significant in the final model. Although all of Nepal is largely
agrarian, the economy in the terai is particularly farm-driven. To exam-
ine whether the relationships between stunting and the crop-growing
factors were modified by agroecology, we performed additional analy-
ses stratified by region (Tables S2 and S3). In the terai only, children’s
likelihood of stunting increased by 33 to 90% in nonproducing

households compared to those producing crops, selling their crops,
and cultivating more land (95% CI > 1 for all). Similarly, children from
households not purchasing fertilizer or seeds were 42% more likely
to be stunted than those from households purchasing these agricul-
tural inputs (95% Cl > 1). In contrast, associations were largely null or

negative, although statistically insignificant, in the mountains or hills.

3.3.5 | Community-level factors: agroecology and
infrastructure

In our sample, no differences were found in stunting likelihood by
agroecology, whereas the available infrastructure in communities
proved to be one of the strongest predictors. Children’s risk of stunting
doubled if they resided in VDCs lacking paved roads, a market, or a
hospital compared to more developed communities (95% Cl > 1); this
relationship was unaffected by adjustment.

4 | DISCUSSION

In this study, we identified multilevel determinants of stunting in chil-
dren 6-59 months of age in Nepal, using data from the first panel of a
nationally representative random sample, balanced by agroecology,
from the PoOSHAN Community Studies. In our study, stunting preva-
lence was 38% in children 6-59 months of age. Our findings echo the
41% stunting prevalence estimated by the 2011 Nepal DHS (Ministry
of Health and Population, 2012) and reflect a continued decline from
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TABLE2 Unadjusted and adjusted odds of stunting (height-for-age z-score < -2) among children 6-59 months (N = 4853), May-July 2013, Nepal®

Risk of stunting

Stunting
Prevalence® Model 1 Model 2¢ Model 34

Risk factors n (%) OR (95% Cl) AOR (95% Cl) AOR (95% CI)
Individual-level factors: child
Child age

6-11 months 104 (18.7) 1.00 1.00 1.00

12-23 months 385 (36.6) 3.32(2.42, 4.54)* 3.37 (2.46, 4.63)*** 3.75 (2.72, 5.16)***

24-59 months 1,349 (41.6)  4.30 (3.22, 5.73)*** 4.46 (3.33, 5.97)*** 6.04 (4.33, 8.44)**
Child sex

Male 964 (37.7)  1.00 1.00 1.00

Female 874 (38.0) 1.07 (0.93, 1.24) 1.07 (0.92, 1.25) 1.09 (0.93, 8.44)
Child wasting

Not wasted 1,433 (36.0) 1.00 1.00 1.00

Wasted 399 (46.2)  1.48(1.23, 1.79)*** 1.69 (1.38, 2.07)*** 1.52 (1.24, 1.86)***
Recent morbidity (last 30 days):

Diarrhea

None 1,278 (37.6) 1.00 1.00 —

Any 560 (38.5) 0.93 (0.79, 1.09) 1.06 (0.89, 1.26) -
High fever

None 1,531(37.3) 1.00 1.00 1.00

Any 307 (41.3) 1.24(1.01, 1.52)* 1.35 (1.08, 1.67)** 1.28 (1.03, 1.59) *
Acute respiratory infection®

None 1,694 (38.1)  1.00 1.00 -

Any 144 (35.9) 0.98 (0.74, 1.28) 1.01 (0.76, 1.34) -
Ear infection (purulent)

None 1,739 (37.6)  1.00 1.00 -

Any 99 (43.2) 1.31(0.93, 1.84) 1.28 (0.90, 1.84) -
Eye infection (purulent)

None 1,741 (37.6) 1.00 1.00 1.00

Any 97 (44.1) 1.38 (0.97, 1.96) 1.50 (1.03, 2.16)* 1.53 (1.06, 2.21)*
Dietary intake (7-day FFQ):
Starchy staple’

Any 1,810 (38.1)  1.00 1.00 —

None 28 (27.5)  0.51(0.30, 0.86)* 1.92 (1.04, 3.55)* -
Legumes, nuts, and seeds

Any 1,720 (37.9)  1.00 1.00 -

None 118 (37.5)  0.89 (0.66, 1.21) 1.33 (0.95, 1.86) -
(e]]

Any 1,742 (38.2) 1.00 1.00 -

None 96(32.8)  0.68 (0.50, 0.93)* 1.67 (1.15, 2.41)** -
Milk and milk products

Any 1,081 (35.8)  1.00 1.00 -

None 757 (41.2) 1.09 (0.93, 1.28) 1.18 (0.99, 1.40) —
Eggs

Any 458 (33.7)  1.00 1.00 —

None 1,380 (39.5)  1.04 (0.86, 1.24) 1.14 (0.94, 1.38) -
Fish

Any 330 (40.1) 1.00 1.00 -

None 1,508 (37.4)  0.78 (0.63, 0.96)" 0.90 (0.72, 1.11) -
Meat

Any 948 (37.1)  1.00 1.00 -

None 890 (38.8) 0.88(0.75, 1.03) 1.02 (0.86, 1.21) -

Dark green leafy vegetables

(Continues)
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TABLE 2 (Continued)
i Risk of stunting
Prevalence® Model 1 Model 2¢ Model 34

Risk factors n (%) OR (95% Cl) AOR (95% Cl) AOR (95% CI)

Any 1,128 (37.7)  1.00 1.00 -

None 710(38.1)  0.80 (0.68, 0.94)** 1.00 (0.84, 1.18) -
Other provitamin A-rich fruits and vegetables®

Any 978 (36.8)  1.00 1.00 =

None 859 (39.2) 0.85(0.71, 1.02) 1.07 (0.88, 1.29) —
Other fruits and vegetables

Any 1,450 (37.4)  1.00 1.00 -

None 388 (39.6) 0.79 (0.64, 0.96)* 1.26 (1.00, 1.58)* -
Dietary diversity score

24 1,571 (37.6) 1.00 1.00 -

<4 267 (39.7)  0.74(0.59, 0.92)** 1.21 (0.93, 1.56) -
Breastfed in previous week

Yes 868 (36.1)  1.00 1.00 1.00

No 970 (39.7)  1.27 (1.10, 1.46)** 0.79 (0.65, 0.95)* 0.76 (0.63, 0.92) **
Health services received in past 12 months:
DPT (ever received >1 dose)

Yes 1,739 (37.7)  1.00 1.00 -

No 85 (40.7)  1.14 (0.79, 1.64) 1.08 (0.74, 1.58) =
Participation in growth monitoring

Yes 328 (33.6) 1.00 1.00 —

No 1,506 (38.9)  1.35(1.10, 1.65)** 0.94 (0.76, 1.18) -
Received deworming tablets”

Yes 1,510 (40.6)  1.00 1.00 -

No 321(28.7) 0.52(0.42, 0.63)*** 0.92 (0.73, 1.17) -
Received vitamin A (1 dose)"

Yes 1,626 (38.9) 1.00 1.00 -

No 206 (31.4)  0.65(0.51, 0.82)*** 1.10(0.85, 1.43) -
Visited by female community health volunteer

Yes 463 (41.2) 1.00 1.00 -

No 1,375 (36.9)  1.13(0.92, 1.39) 1.08 (0.87, 1.35) =
Went to any health facility

Yes 1,494 (38.0) 1.00 1.00 -

No 344 (37.2)  0.95(0.78, 1.15) 0.83(0.68, 1.01) -
Individual-level factors: mothers
Maternal age (years)

<20 78 (34.7)  1.00 1.00 1.00

20-29 1,217 (37.3)  1.12(0.78, 1.60) 0.82 (0.56, 1.20) 0.87 (0.59, 1.28)

230 535(39.7) 1.16 (0.79, 1.68) 0.75 (0.50, 1.13) 0.76 (0.51, 1.15)
Maternal height

Not low (2145 cm) 1,493 (35.1) 1.00 1.00 1.00

Low (<145 cm) 336 (58.3)  3.08 (2.43, 3.92)*** 3.12 (2.43, 4.02)*** 2.52 (1.96, 3.25)***
Maternal weight

Not low (245 kg) 813(31.2) 1.00 1.00 1.00

Low (<45 kg) 1,016 (45.7)  1.95(1.66, 2.28) ***  2.06 (1.74, 2.44) ***  1.63 (1.37, 1.93) ***
Maternal mid-upper arm circumference

Not low (222.5 cm) 1,198 (34.3)  1.00 1.00 -

Low (<22.5 cm) 630 (46.8)  1.60 (1.34, 1.90) ***  1.70 (1.42, 2.05) *** -
Maternal pregnancy status

Not pregnant 1,612 (37.2) 1.00 1.00 —

Pregnant 205 (42.9) 1.21 (0.94, 1.55) 1.04 (0.80, 1.35) —

(Continues)
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TABLE 2 (Continued)
i Risk of stunting
Prevalence® Model 1 Model 2¢ Model 34

Risk factors n (%) OR (95% Cl) AOR (95% Cl) AOR (95% CI)
Maternal education

Graduated secondary 3(20.3) 1.00 1.00 1.00

Some secondary 297 (29.3)  1.74 (1.23, 2.46) ** 1.73 (1.20, 2.48) ** 1.52 (1.06, 2.17) *

Primary 231(39.4) 2.68(1.84,3.91) ***  2.55(1.72,3.78) ***  2.14 (1.45, 3.16) ***

None 1,217 (43.1)  2.88 (2.07,4.00) ***  2.69 (1.90, 3.81) ***  2.09 (1.48, 2.96) ***
Child care knowledge score'

216 2(29.1) 1.00 1.00 -

11-15 716 (35.5)  1.38(0.98, 1.93) 1.37 (0.96, 1.95) -

5-10 942 (40.2)  1.94(1.37,2.76) ***  1.84(1.27, 2.65) *** -

<5 4 (46.4) 297 (1.69, 5.20) ***  2.69 (1.49, 4.84) *** -
Household-level factors: socioeconomic
Head of household gender

Male 1,368 (38.3)  1.00 1.00 1.00

Female 470 (36.8)  0.86 (0.72, 1.04) 0.75 (0.62, 0.91)** 0.78 (0.64, 0.95)*
Children younger than 5 years in household

1 781(33.7) 1.00 1.00 1.00

2 771 (41.1) 1.39(1.17, 1.64)*** 1.46 (1.22, 1.75)*** 1.38 (1.15, 1.66) ***

23 654 (43.7) 1.71(1.32, 2.22)*** 2.06 (1.56, 2.73)*** 1.91 (1.44, 2.52) ***
Expenditure quintile

1st (highest) 263(29.7) 1.00 1.00 1.00

2nd 336 (32.6) 1.21(0.94, 1.56) 1.20 (0.92, 1.56) 1.11 (0.85, 1.46)

3rd 343 (36.5) 1.37 (1.06, 1.78) * 1.40 (1.06, 1.83) * 1.33(1.02, 1.74) *

4th 386 (43.0) 1.66(1.27,2.17) ***  1.68(1.27,2.23) ***  1.54 (1.16, 2.04) **

5th (lowest) 510 (46.6)  1.84 (1.40,2.41) ***  1.88(1.42, 2.50) ***  1.68 (1.27, 2.24) ***
Household food insecurity

None 960 (34.4) 1.00 1.00 —

Mild 364 (40.4)  1.18 (0.96, 1.45) 1.13(0.91, 1.41) -

Moderate 372 (44.9) 1.48(1.18, 1.85) ** 1.36 (1.07,1.72) * -

Severe 140 (42.0) 1.39 (1.01,1.91)* 1.36 (0.97, 1.91) -
Remittances received by household in past year

Yes 617 (36.6)  1.00 1.00 -

No 1,221 (38.5)  1.19 (1.00, 1.42) * 1.23(1.02, 1.47) * -
Household-level factors: water, sanitation, and hygiene
Main source of drinking water

Protected 1,658 (36.8)  1.00 1.00 -

Not protected 180 (51.9) 1.18(0.79, 1.76) 1.18 (0.77, 1.80) -
Location of child defecation®

Not open 541 (33.0) 1.00 1.00 —

Open 1,292 (40.3)  1.18(0.98, 1.41) 1.09 (0.90, 1.33) —
Animals inside house or kitchen

No 1,134 (35.2)  1.00 1.00 -

Yes 704 (43.1)  1.16 (0.97, 1.40) 1.14 (0.94, 1.38) —
Human or animal feces observable in house or near compound

No 762 (34.3) 1.00 1.00 -

Yes 1,075 (40.9)  1.07 (0.90, 1.27) 1.05 (0.87, 1.26) -
Rubbish observable in house or near compound

No 792(33.2) 1.00 1.00 -

Yes 1,045 (42.4)  1.35(1.14, 1.60) ** 1.30 (1.08, 1.55) ** -

Household-level factors: agricultural production

(Continues)
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TABLE 2 (Continued)

Risk of stunting

Stunting
Prevalence® Model 1 Model 2¢ Model 34

Risk factors n (%) OR (95% Cl) AOR (95% Cl) AOR (95% CI)
Any household crop production'

>5 crops 803 (39.0) 1.00 1.00 —

1-5 crops 453 (40.7)  1.16 (0.94, 1.44) 1.13 (0.90, 1.42) -

None 582 (34.6) 1.39(1.11,1.72) ** 1.36 (1.08, 1.71) ** —
Household sold any crops™

Any 604 (37.2)  1.00 1.00 -

None 1,234 (38.2)  1.19 (1.00, 1.42) * 1.14 (0.95, 1.37) -
Land area cultivated by household

>0.5 hectares 573 (38.5) 1.00 1.00 —

<0.5 hectares 780 (39.5)  1.12(0.93, 1.36) 1.09 (0.89, 1.34) -

None 490 (35.0) 1.43(1.14, 1.80) ** 1.38 (1.08, 1.75) ** -
Any household expenditure on agricultural inputs”

Any 1,068 (38.7)  1.00 1.00 -

None 759 (36.8)  1.28 (1.07, 1.52) ** 1.26 (1.05, 1.51) * -
Community-level factors
Agroecologic zone

Mountains 336 (39.6) 1.00 1.00 1.00

Hills 445 (38.7)  0.90 (0.51, 1.59) 0.92 (0.51, 1.63) 1.34 (0.80, 2.23)

Terai 1,057 (37.0)  0.92(0.53, 1.60) 0.94 (0.54, 1.64) 0.74 (0.46, 1.18)
VDC infrastructure

More developed® 1,602 (36.1) 1.00 1.00 1.00

Less developed 236 (56.5)  2.65 (1.43, 4.89) ** 2.66 (1.42, 4.96) ** 2.38 (1.36, 4.14) **

Note.AOR = adjusted odds ratio, Cl = confidence interval, DPT = diphtheria, pertussis, tetanus vaccine, FFQ = food frequency questionnaire, OR = odds ratio,
VDC = village development committees.

2All analyses utilize mixed effects models, including agroecological zone as a fixed effect, and VDC/ward and household cluster as random effects to control
for hierarchical clustering in the study design. Unadjusted and adjusted odds ratios (OR and AOR) with 95% confidence intervals are reported. Covariate
information is missing for less than 1% of children.

PDenominators for stunting prevalence associated with each risk factor are reported in Table 1.
“Adjusted models include maternal age, child age, child sex, and household expenditure quintile regardless of statistical significance to account for residual confounding.

dRisk factors that were significant (p < 0.05) in individual adjusted regressions (Model 2) were included in a multiple logistic regression; risk factors that
remained significant in the multiple logistic regressions were included in a final, parsimonious model (Model 3; N = 4,808). Dashes indicate the variable
was not included in the final model.

€Acute respiratory infection includes productive cough and greater or equal to 1 of the following: fever, rapid breathing, grunting, and/or chest-in drawing.
fStarchy staples include rice, maize, wheat, millet, and potatoes.

BVitamin A-rich fruits and vegetables include carrots, ripe pumpkin, ripe mango, ripe papaya and ripe jackfruit.

PDoes not include provision of supplement and/or tablet for treatment.

INumber of correct answers out of 18 given regarding breastfeeding, complementary feeding, and treatment of child illness.

JProtected sources include a ring well, tube well and/or borehole, piped water, or bottled water; unprotected sources include a stone tap, stream, river, pond,
canal, or unprotected ring well.

kOpen defecation includes an open field, outdoors, or in a body of water; not open defecation includes a toilet or diapers.
'Number of different crops produced in the rainy and dry season of previous year.

MSold any proportion of field crops produced in the rainy and dry season of the previous year.

"Agricultural inputs include seed or fertilizer.

°More developed infrastructure includes paved roads, a hospital, or a bazaar.

*p value < .05.

**p value < .01.

***p value < .001.

57% in 2006 and 49% in 2011. Nevertheless, stunting prevalence still accordance with other studies, low-maternal weight and short stature

remains high, underscoring the need to identify and address underlying indicative of poor maternal nutritional status, had particularly strong

causes of chronic child undernutrition. associations with child stunting (Acharya et al., 2013; Pramod Singh
At the individual-level, maternal factors, rather than child factors, et al., 2009). Undernutrition and poor linear growth can have a lasting

were generally the most robust predictors of child stunting. In intergenerational effect, as children from short or underweight
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mothers are significantly more likely to suffer from intrauterine growth
restriction (IUGR) and small-for-gestational age (SGA) at birth (Kozuki
et al., 2015; Victora et al., 2015; Young et al., 2015; Goto, 2016).
Meta-analyses have further shown that following IUGR, growth falter-
ing often continues, and children born SGA are over two times more
likely to be stunted by age 5 (Christian et al., 2013; Xie et al., 2016).
Indicators of IUGR were not examined in our study as formal medical
care, and birth records are typically unavailable as most children are
born at home. The DHS uses mothers’ perception of size at birth
as a proxy for low-birth weight and SGA, which faces challenges in
reliability and accuracy, particularly for older children, given the
long-recall period between birth and data collection (Ministry of
Health and Population, 2012). For these reasons, we did not collect
low-birth weight and SGA in this study. Nevertheless, in Nepal
where SGA prevalence climbs above 50% in some areas (Tielsch
et al., 2007; Vaidya et al., 2008; Ministry of Health and Population,
2012), maternal undernutrition and its persistent, negative life cycle
effects help explain the association between maternal nutritional
status and child stunting.

Beyond maternal undernutrition, lower maternal educational
attainment was also strongly associated with child stunting; this find-
ing is consistent with results from numerous other studies conducted
in Nepal and elsewhere (Semba et al., 2008; Pramod Singh et al,,
2009; Abuya, Onsomu, Kimani, & Moore, 2011; Ruwali, 2011; Abuya,
Ciera, & Kimani-Murage, 2012; Paudel et al., 2012; Acharya et al.,
2013; Leroy, Habicht, Gonzalez de Cossio, & Ruel, 2014; Tiwari
et al., 2014). The pathway linking poor maternal education to child
stunting is complex and unclear; although, it is hypothesized that
the relationship is mediated in part by the higher likelihood of pov-
erty, reduced allocation of resources to health services, poorer health
knowledge, and suboptimal childcare and feeding practices associated
with low-maternal education (Glewwe, 1999; Joshi, Agho, Dibley,
Senarath, & Tiwari, 2012b; Senarath et al., 2012; Gautam, Adhikari,
Khatri, & Devkota, 2016). In our study, lower maternal educational
attainment was strongly correlated with poorer knowledge of appro-
priate care practices (data not shown). Moreover, among uneducated
mothers, there was a trend of decreased stunting risk among children
whose mothers had greater knowledge of appropriate care practices
(data not shown), presenting a potential opportunity for a nutrition
education intervention targeted to uneducated women. Nevertheless,
there are a myriad of mechanisms through which maternal education
influences child nutritional status, and future studies should examine
these pathways in greater depth.

Additionally, although our findings generally did not show an asso-
ciation with stunting and dietary intake in the previous week,
prolonged breastfeeding (beyond 24 months) was associated with
increased stunting risk. Prolonged breastfeeding has been associated
with low-maternal education and household wealth in India and likely
reflects limited knowledge of appropriate feeding behaviors or inade-
quate food access (Malhotra, Noheria, Amir, Ackerson, & Subramanian,
2008; Arnold, Parasuraman, Arokiasamy, & Kothari, 2009). Children
continuing to breastfeed beyond 24 months may not be meeting their
energy and nutrient requirements if breastmilk is replacing rather than
complementing appropriate foods after 6 months of age, particularly if
children are ill (Marquis, Habicht, Lanata, Black, & Rasmussen, 1997). In
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other studies, investigators have suggested that providing counseling
regarding proper nutrition and optimal feeding practices to more uned-
ucated households and complementary foods to food insecure house-
holds could help improve nutritional outcomes (Bhutta et al., 2008;
Dewey & Adu-Afarwuah, 2008; Imdad, Yakoob, & Bhutta, 2011).
Future analyses should further examine the relationship between
childcare and feeding practices and stunting in greater depth in order
to identify whether similar interventions would be appropriate and
effective in Nepal.

At the household-level, we identified a strong inverse relationship
between stunting risk and household wealth and access to resources,
as has been reported widely elsewhere (Hong & Mishra, 2006;
Mostafa, 2011; Tiwari et al, 2014; Corsi, Mejia-Guevara, &
Subramanian, 2015). Impoverished households are less likely to have
sufficient access to the resources necessary to ensure children’s
health. In our study, children living in poorly developed communities
lacking basic infrastructure including paved roads, hospitals, or perma-
nent bazaars were at a 200% greater risk of stunting than children in
developed VDCs. Unsurprisingly, half of the children living in these
undeveloped VDCs were also from the most impoverished families
(data not shown).

The evidence linking poor WASH practices with child malnutrition
is growing (Spears, Ghosh, & Cumming, 2013; Ngure et al., 2014; Rah
et al., 2015). This relationship is thought to be mediated through
increased pathogen exposure, leading to more frequent infection and
inflammation, which in turn diminishes appetite, impairs intestinal
functioning and nutrient absorption, and increases nutrient losses
(Dewey & Mayers, 2011b). Additionally, chronic intestinal inflamma-
tion associated with frequent exposure to fecal matter and unsanitary
living conditions may also contribute to stunting as the inflamed gut
becomes more permeable to pathogens, resulting in chronic systemic
immune activation, which in turn suppresses growth hormone produc-
tion (Humphrey, 2009; Prendergast et al., 2014). In our study, more
unhygienic environments were generally associated with an increased
likelihood of stunting, although none were significant in the final
model. However, our findings may owe in part to the transient nature
of many of the WASH variables (e.g., presence of rubbish or animal
feces in the home). Households may have been miscategorized if inter-
viewers did not witness these transient, unhygienic, factors on the day
of the home visit, which in turn could weaken the relationship of these
factors with stunting.

Although WASH factors were not strongly associated with
stunting in our study, we observed a higher likelihood of stunting
among children suffering from high fever and eye infection in the
30 days than their healthy counterparts. To explore these relationships
further, we examined the association between stunting and morbidity
in the previous week. Overall, approximately half of those children
with diarrhea, high fever, acute respiratory infection, or purulent ear
or eye infection in the previous month suffered illness in the previous
week (data not shown). However, illness in the previous week was not
significantly associated with stunting, possibly due to the short recall
period in relation to child growth trajectories. Future analyses may
consider the frequency of illness episodes to assess whether stunting
is related to more chronic or repeated illness. The association with

stunting and morbidity could, however, also reflect reverse causation,
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where undernourished children are more susceptible to infection
(Calder & Jackson, 2000). Regardless, in our population, the concomi-
tant high prevalence of wasting, caused by periods of acute infection
and/or inadequate food intake, and stunting, may reflect an inability
to fully recover from episodic assaults to nutritional status (Richard
et al., 2012; Martorell & Young, 2012).

As has been reported elsewhere, fewer children from female-
headed households were stunted than those in male-headed house-
holds despite the higher likelihood of female-headed households to
be impoverished, food insecure, and practice unhygienic behaviors
(data not shown; Johnson & Rogers, 1993; Rogers, 1996). However,
female-headed households also tended to be smaller, were more likely
to receive remittances, had more mothers making decisions regarding
their children’s health, and had more children who received health ser-
vices (data not shown). At the aggregate level, receipt of health ser-
vices was not a significant predictor of stunting. In part, the null
association between receipt of health services and stunting may reflect
the wide reference period used for receipt of health services (e.g., any
participation in growth-monitoring program during the previous year),
and more recent use of health services may be more strongly associ-
ated with stunting. Nevertheless, greater utilization of health services
by female-headed households may reflect better childcare practices
or increased targeting of female-headed households during health out-
reach efforts (United Nations Children’s Fund, 2012). Future studies
should aim to identify the protective factors evident in female-headed
households.

In our sample, adequate food access was not a robust predictor of
child stunting. Associations between food insecurity and child stunting
have been mixed in Nepal overall (Osei et al., 2010; Ruwali, 2011;
Paudel et al., 2012; Singh & Ram, 2014). This may owe in part to the
recall period of the household food insecurity index score, which is
assessed over the past 30 days from the time of interview. Given that
stunting is a process that may occur over many months or even years,
we found that a month long recall of food insecurity may have limited
our ability to capture any causal association between chronic food
insecurity and child stunting. Given the complexity of the pathways
linking socioeconomic status to food security to nutritional status,
there is also the possibility of unmeasured confounding (Osei et al.,
2010; Ali et al., 2013). For example, a study in Cambodia observed
greater maternal thinness with increasing food insecurity, but no asso-
ciation with food insecurity and child undernutrition. The authors
hypothesized that in food insecure households, food was preferentially
allocated to children over mothers (McDonald et al., 2015). In our
study population, further analyses revealed a clear dose response
between maternal thinness (MUAC < 22.5 cm) and greater household
food insecurity (data not shown), suggesting a similar prioritization of
child over maternal health may occur in Nepal. Future analyses should
continue to explore the pathway from food insecurity to child nutri-
tional outcomes in greater depth.

Agriculture is the primary occupation in Nepal and acts as an
important source of income and food for families (Joshi, Conroy &
Witcombe, 2012a). We found that agricultural households in the terai
growing more crops, cultivating more land, or selling their crops were
less likely to have stunted children. However, no associations, or even

somewhat negative associations were found with agricultural
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productivity and stunting in the mountains and hills. As cultivable land
area and productivity is higher in the terai, farming households in this
area may be more dependent on agriculture for their income, produc-
ing and selling more of their crops (Joshi et al., 2012a). In contrast,
farming in the mountains and hills may be used to supplement income
and food purchases made in markets rather than acting as a primary
income source, thereby diminishing the relationship between crop
production and stunting. Another study from Nepal showed that
increasing overall agricultural yield was associated with decreased
stunting risk; whereas, greater household consumption of crops pro-
duced as opposed to selling crops was associated with increased
stunting risk (Shively & Sununtnasuk, 2015). A study in sub-Saharan
Africa revealed greater diversity in agricultural production (versus
increased overall agricultural production) was associated with a signif-
icantly higher HAZ scores in children 24-59 months of age but not in
younger children (Kumar, Harris, & Rawat, 2015). Variable construc-
tion for agricultural production diversity, child age cutoffs, and how
nutritional status outcomes are defined are important considerations
when discerning the varying results of this relationship across studies
and contexts.

A myriad of risk factors contribute to the high-stunting preva-
lence in Nepal, many of which interact to create an environment that
is not conducive to optimal linear growth and perpetuate the
transgenerational cycle of undernutrition. In our study, we examined
multilevel determinants of stunting to attempt to untangle some of
this complexity. Some limitations of our study included its cross-sec-
tional nature and our inability to determine causal relationships.
Moreover, not all of our data (e.g. 7-day food intake frequency)
reflected the etiologically relevant time point for stunting, whereas
other risk factors may have been weakened by wide reference
periods (e.g., participation in a growth-monitoring program in the
previous year). Nevertheless, we were able to report persistent pat-
terns, practices, and living conditions that contribute to child
stunting. Some of the overarching risk factors of stunting we identi-
fied, such as poverty and limited community infrastructure, and the
intergenerational effects of maternal undernutrition may not be rap-
idly modifiable; however, areas for more in-depth future research
and possible interventions also emerged, including identifying protec-
tive factors against stunting in female-headed households, providing
education on optimal feeding, and childcare practices to uneducated
mothers, educating girls, and improving agricultural productivity in
the terai. Moreover, the nationally and agroecologically representa-
tive nature of the PoOSHAN communities enables more generalizabil-
ity in our findings to assist the planning of interventions, programs,
and policies, aiming to reduce stunting and improve child health
nationwide.
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