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1 | INTRODUCTION
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Abstract

One in three Cambodian children under 5 years of age are stunted. This study
adopted a multidimensional approach to understand the influence of a series of con-
textual factors on the nutritional status of Cambodian children. In this study, we use a
multidimensional poverty framework to identify a combination of interventions likely
to achieve reductions in child stunting, in Cambodia. We used the UNICEF Multiple
Overlapping Deprivation Analysis tool and data from the Cambodia Demographic
and Health Survey 2014 to assess children's multidimensional poverty across nutri-
tion, health, early childhood development, water, sanitation, and housing dimensions.
We found that 80% of children under age five were deprived in at least two poverty
dimensions. Multivariate logistic regression analysis revealed that reducing the likeli-
hood of being deprived in three or more poverty dimensions was associated with a
significant reduction of the probability of being stunted, after controlling for potential
confounders. The combined probability of nondeprivation in nutrition, sanitation, and
health dimensions had the largest effect on reducing the probability of stunting. The
results of this study highlight the multiple, intersecting needs of children and their
associated explanatory factors. Targeted and integrated cross-sectoral policies that
reinforce comprehensive early childhood interventions are needed for improving
nutritional status as part of a wider set of child poverty reduction measures in

Cambodia.
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Organization, 2008), is used as an indicator of chronic undernutrition

with potentially irreversible consequences for children's long-term

Good nutrition is a crucial component of children's well-being during
the foundational years of early childhood. The far-reaching conse-
guences of unmet nutritional needs in utero and during early child-
hood influence on chronic and intergenerationally transmitted
poverty experienced by children (Harper, Marcus, & Moore, 2003;
Hulme & Shepherd, 2003; Minujin, Delamonica, Davidziuk, &
Gonzalez, 2016). Stunting, or low “height-for-age” (World Health

physical and cognitive development, which altogether extend to
household, community, and societal levels (Campisi, Cherian, & Bhutta,
2017; De Neubourg & de Neubourg, 2012; Khasnutdinova &
Grjibovski, 2010; de Onis & Branca, 2016). Timely interventions to
prevent stunting and protect early childhood development (ECD) yield
the highest rates of return to human capital investment and are espe-

cially critical in the first 1,000 days, from conception to age 2 years.
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Cambodia is the second-poorest country in Southeast Asia, with
more than one third of the population living under the poverty thresh-
old of USD 1.90/day. Despite rapid economic growth in recent years
and a reduction in the prevalence of stunting from 44.6%" in 2000
to 32.0% in 2014 (National Institute of Statistics [NIS], Directorate
General for Health, & ICF International [ICF], 2015; NIS, Directorate
General for Health, & ORC Macro, 2001), the economic burden of
maternal and child undernutrition is high and estimated to amount
to 1.7% of Cambodia's gross domestic product (GDP) (Moench-
Pfanner et al., 2016). Although positive progress has been made in
reducing child stunting in Cambodia, approximately one in every three
children has stunted growth and therefore risks not meeting his or her
developmental potential (Ministry of Planning, Cambodia, & NIS,
2017).

The drivers of child stunting in Cambodia have been well
explored. Several studies explicate the association of child stunting
with life-cycle sensitive maternal undernutrition, repeated child para-
sitic infection, low levels of parental education, intergenerationally
transmitted poverty, inadequate sanitation, and the nutrient inade-
quacy of traditional Cambodian diets coupled with early uptake of
complementary foods (Anderson, Cornwall, Jack, & Gibson, 2008;
lkeda, Irie, & Shibuya, 2013; Perignon et al., 2014; Sunil & Sagna,
2015). Our study seeks to identify the interventions that could directly
and immediately prevent stunting, by analysing the effects of simulta-
neous deprivations, as revealed by a multidimensional poverty analy-
sis, on the likelihood of stunting among children. We investigate the
multiple deprivations that contribute to child stunting in early child-
hood, and how overlaps between them point to opportunities for
improved integration of effective interventions in early childhood to
reduce child stunting. Our study aims to generate new insights into
the pathways for reducing child stunting by analysing children's nutri-
tional status as a function of multiple and concurrent deprivations
within a multidimensional poverty, or deprivation, framework.

We measure children's multidimensional poverty in terms of their
simultaneously experienced deprivations of conditions or material
resources, independent of income, that are essential for well-being
and development, following the framework of multidimensional child
poverty and deprivation as developed by Alkire and Roche (2012),
De Neubourg, de Milliano, and Plavgo (2014), and Gordon, Nandy,
Pantazis, Pemberton, and Townsend (2003). We define multidimen-
sional child poverty as multidimensional deprivation, and the terms
are used interchangeably in our study, following the convention in this

field of research.

2 | DATA AND METHODS

2.1 | Study design and sample

We conducted a secondary analysis of Cambodia's 2014 Demographic
and Health Survey (CDHS, 2014) data. Comprehensive information on

the sampling technique and survey procedures applied for data

The prevalence of stunting for children under five is reported by the World
Bank as 49.2% in 2000 (2017).
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Key messages

e Most
deprived with the highest degree of deprivation in the

Cambodian children are multidimensionally

nutrition, health, water, sanitation, and housing

dimensions.

e Stunting is strongly linked to multidimensional poverty
and requires nutrition-specific and nutrition-sensitive
interventions as part of broad packages of cross-
sectoral programmes during the first 1,000 days—from
conception to age 2 years—to improve children's direct
environments.

e Understanding children's deprivations across multiple
dimensions is necessary to identify entry points for
integrated high-impact early childhood interventions to

address growth and development.

e Long-term implications of stunting, along with necessary
conditions for catch-up growth, should be explored

among school-age children in Cambodia.

collection in the CDHS have been published in detail elsewhere (NIS
et al, 2015). In summary, the CDHS collected individual-level data
on anthropometry for children under age five, maternal and infant
health services, infant and young child feeding practices, early child-
hood education and development indicators, and household-level data

on water, sanitation, and housing conditions.

2.2 | Analytical methods

The multidimensional deprivation analysis used in this study was
based on the Multiple Overlapping Deprivation Analysis (MODA)
methodology by De Neubourg, Chai, de Milliano, Plavgo, and Wei
(2013). It is designed to be sensitive to children's life cycle and to
the incidence and intensity of deprivations, reflecting the extent to
which children's rights and needs are fulfilled. Using MODA, we first
analysed children's deprivations by (a) calculating the percentage
headcount rates of children deprived in six single dimensions (nutri-
tion, health, ECD, water, sanitation, and housing) and (b) analysing chil-
dren's multiple deprivations by calculating three multidimensional
poverty indices based on those developed by Alkire and Foster
(2011). The child deprivation headcount ratio by single indicator and
dimension was calculated using the formula:

hyy = Bt
ls
n
jr = Z Yj
i=1

where h;  is the headcount ratio of children deprived in a dimension, j,
of the reference child population, r; g;, , is the number of children who

are deprived in a dimension j of the reference child population r; n, is
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the total reference child population r; y; is the deprivation status of a
child i in a dimension j, where y; = 1 if x; < Z; (deprivation) and y; = 0
if x; = Z; (no deprivation); x; is the value of dimension j for child i; Z;
is the threshold of deprivation for the dimension j. The formula was
also applied to calculate headcount ratios for each indicator. Indicators
were chosen to minimise values treated as missing in the single-
dimension analysis. Children with missing values in an indicator were
excluded from the deprivation headcount of that indicator, to ensure
that the analysis is specific to the deprivation status of the individual
child for whom the indicator or dimension is relevant.?

Second, we summed the number of deprivations experienced per
child and calculated a deprivation headcount ratio of the total number
of children deprived at each level of poverty intensity according to the
poverty cut-off, k, presenting the overall multidimensional poverty
distribution. Missing values in individual dimensions were assigned a
value of “0” (nondeprived), to ensure all dimensions had the same
number of observations, following the approach as used by De
Neubourg et al. (2013). Resulting deprivation headcount rates in
the multidimensional analysis represent a slight underestimation of
the single-dimension analysis. An overlap analysis calculated the
headcount rate of children concurrently deprived in all permutations
of any two or more dimensions at a time. The Alkire-Foster indices
calculated are the deprivation headcount (H), the average intensity
of deprivation (A), and the adjusted deprivation headcount (Mo).2

Nutrition, health, and ECD dimensions and indicators were evalu-
ated at the level of the individual child. Deprivation in water,
sanitation and housing dimensions, and indicators are constructed
from variables measured at the household level, and therefore use
the household as the unit of measurement and the individual child as
the unit of analysis (i.e., a child is considered deprived if it is living in

a household that is considered deprived in these dimensions).

2.3 | Analysis parameters

The selection of indicators, dimensions, and thresholds of deprivation
was based on the MODA protocols as specified in the guidelines by
De Neubourg et al. (2013) to capture children's unmet needs and
rights based on the International Convention on the Rights of the
Child (UN General Assembly, 1989), national and international stan-
dards, and was finalised through consultation with national stake-
holders. The dimensions, indicators, and thresholds applied in this
study therefore reflect the nationally contextualised adaptation of or

adherence to international standards on the necessary conditions for

2QObserved missing values were largely due to the sample design and did not
show observable bias given the random sample selection process of the CDHS.
Controlling for key individual and household characteristics including the geo-
graphical location, sex, and wealth quintiles of the child, we did not find statis-
tically significant differences (P < 0.05) between the sample of children with
missing values who were excluded from the analysis and those with nonmissing
values.

3H is the poverty headcount at each selected deprivation cut-off, k. A measures
the breadth of deprivation among those who are multidimensionally deprived
according to the cut-off k and is the sum of all deprivations among children
counted as deprived, as a share of the sum of all possible deprivations among
those deprived in at least k dimensions. As a product of H and A, M, calculates
a poverty index that is sensitive to both the incidence and breadth of children's
poverty.
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child well-being and development, as specified in the International

Convention on the Rights of the Child and by national and interna-
tional nutrition, health, housing, and children's institutions. The six
dimensions and 14 indicators used to assess the deprivation status
of children age 0-59 months are presented in Table 1.

Children were considered deprived in a particular dimension if they
were deprived in any indicators assigned to the respective dimension,
per the union approach described by De Neubourg et al. (2013).
Deprivation status in an indicator or dimension was measured using a
binary variable, with a value of “1” for deprivation exists and “0” for no
deprivation. Children who are not part of the indicator reference
population, but who are included within the age group of children under
age 5 years, are considered to be nondeprived to limit the bias of the
deprivation headcount calculations. For example, in the case of the
nutrition indicators that span different age groups to be both sensitive
and relevant to life-cycle needs, children age 6 months and above are
not considered in the single deprivation headcount of the unexclusive
breastfeeding indicator. The aggregated indicators of the nutrition
dimension therefore reflect different facets of the age-specific nutrition

situation for all children under age 5 years in the sample.

2.4 | Statistical analysis

Multiple multivariate logistic models were developed to examine the
relationship between stunting, various individual and household char-
acteristics, and the results of the multidimensional poverty analysis,
including dimensions considered entry points for stunting reduction.
We estimated the following models:

e Model 1 estimates the relationship between various individual and
household characteristics and children's probability of being
stunted, to examine which of children's characteristics predict

their likelihood of being stunted.
e Model 2a-c

nondeprived in three or more dimensions at a time* (reference

examines the relationship between being
category: being deprived in 0, 1, or 2 dimensions) and being
stunted, holding constant the covariates used in Model 1. Model
2a-c estimates the same model separately at the national, urban,

and rural levels, respectively.

e Model 3a-g estimates the

nondeprived in each of the measured single dimensions of depri-

relationship  between being
vation and being stunted, holding constant the covariates in
Model 1. Model 3g includes all dimensions as additional covariates
to study the joint relationship of deprivation in these dimensions
with the stunting variable. Model 3a-g is estimated separately at
the national, urban, and rural level. The dimensions are considered

potential intervention entry points to reduce stunting.

“The threshold of k = 3, with children deprived in three or more dimensions con-
sidered multidimensionally poor, was decided through a national consultative
validation process to reflect the Cambodian context and to account for variance
among the sample of children. We tested the same model using different values
of k, and the outcomes remain robust.

5The CDHS 2014 wealth index provides a proxy for measuring household
expenditure and income to assess socio-economic status, as explained by
National Institute of Statistics et al. (2015).



40110 | g LEY1 \

KARPATI ET AL.

TABLE 1 Analysis parameters: Dimensions, indicators, and deprivation thresholds

Dimension

Nutrition

Health

Early childhood

development (ECD)

Water

Sanitation

Housing

Indicator
Unexclusive breastfeeding
No minimum acceptable diet

Wasting

Underweight

Unskilled birth attendance

Missing immunisations

No early childhood education
(ECE) attendance

No books or toys
(support for learning)

Unimproved drinking water source
No handwashing

Unimproved toilet
Overcrowding
Inadequate floor, roof, walls

Indoor pollution from solid
cooking fuel

Indicator deprivation threshold

Child under 6 months not exclusively breastfed (WHO, 2008).

Child age 6-23 not meeting standards for minimum meal frequency or
minimum dietary diversity (WHO, 2008).

Child's weight-for-height Z-score < -2 SD from median of WHO reference
population, considered thin (wasted) and acutely malnourished (WHO, 2008).

Child's weight-for-age Z-score standard deviations -2 SD from median of
the WHO reference population, considered underweight (WHO, 2008).

Child's mother not assisted or assisted by unskilled birth attendant in 5 years
preceding the survey (NIS et al., 2015).

Child not received all routine immunisations according to recommended
schedule (NIS et al., 2015).

Child 36-59 months not attending early childhood education or preschool
programme.
Child does not have access to any books or homemade or manufactured toys.

Household main source of drinking water is unimproved?.

Soap and water not observed at a place of handwashing or no observed
place
for handwashing (WHO & United Nations Children's Fund, 2017).

Household uses unimproved toilet facility®.

Household has >4 persons per sleeping room® (UN-HABITAT, 2007).

Roof, floor, or exterior walls made of natural materials not considered
permanent (NIS et al., 2001).

Household uses solid cooking fuel and cooking takes place inside the house
(Rees, 2016).

“The NIS et al. (2015), referring to World Health Organization (WHO) and United Nations Children's Fund (UNICEF) (2017) classify unimproved drinking
water sources during both rainy and dry seasons as unprotected/dug well; unprotected spring; tanker truck/cart with small tank; surface water; and other.
Toilet facilities as flush/pour flush not to sewer/septic tank/pit latrine; pit latrine without slab/open pit; bucket; hanging toilet/hanging latrine; and no facil-

ity/bush/field.

PUnimproved toilet facilities are classified by WHO and UNICEF (2017) and NIS et al. (2015) as flush/pour flush not to sewer/septic tank/pit latrine; pit
latrine without slab/open pit; bucket; hanging toilet/hanging latrine; and no facility/bush/field.

“Children have a weight of 0.5.

The explanatory variables in the models include being in the
poorest two wealth quintiles®; no or primary maternal education;
maternal age at first birth under 18; maternal height under 145 cm;
male child gender; child's age; the number of household members by
age group; rural area of residence; and residence in the north-eastern
region. Child's age and household composition were continuous,
whereas all other variables were categorical and binary. The variables
denoting maternal height under 145 ¢cm and maternal age at first birth
were converted from continuous into categorical variables to control
for the effects of early pregnancy and maternal stunting. All other
categorical variables could only be expressed in their original categor-
ical form. The model covariates were chosen based on theoretical and
empirical literature review of risk factors for child stunting, data
availability, and statistical association with higher rates of stunted
children during the secondary data analysis in this study. The covari-
ates were chosen and eliminated based on bivariate correlation tests
for statistically significant association with the probability of being

stunted.” All regressors were then tested for collinearity and had a

%See regional disaggregation by province in Table Sé.

“Variables such as the child's gender and household composition, although not
statistically significant in the bivariate analysis, were kept as regressors due to
conceptual relevance and possible importance in the multivariate regression
analysis.

Pearson's correlation coefficient of r < 0.5. All statistically significant
subgroup differences in the single and multidimensional analyses are
based on pairwise t-tests and are denoted with asterisks. The marginal
effect is expressed as a percentage point change in the probability
of being stunted given a one-unit change in the regressor, in the

adjusted models.

3 | RESULTS

3.1 | Single-dimension analysis

The final sample in this study consists of 7,906 children under age
five,® with the majority in rural areas (86.4%), compared with urban
(13.6%) areas. Table 2 presents the deprivation headcount ratio of
children under five for each indicator in each dimension, as a propor-
tion of the reference population. A general high rate of deprivation
was observed across all measured dimensions with 37.1% for water,
47.4% for nutrition, 60.5% for sanitation, and 62.5% for housing.
Nutrition deprivation was driven by the high percentage (54.8%) of

8Anthropometric data on mothers and children were collected for a nationally
representative smaller sample, making up 4,991 children under age five in the
final sample used for all analyses involving the stunting variable.
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TABLE 2 Deprivation headcount rates by indicator and dimension

Indicator deprivation headcount (%)?
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Dimension deprivation headcount (%)°

Dimension Indicator National
Nutrition Unexclusive breastfeeding 35.1
No minimum acceptable diet 54.8
Wasting 9.3
Underweight 23.5
Health Unskilled birth attendance 10.6
Missing immunisations 18.9
ECD No ECE attendance 81.8
No books or toys 46.7
Water Unimproved drinking water source 37.1
Sanitation No handwashing 34.0
Unimproved toilet 492
Housing Inadequate floor, roof, walls 14.6
Indoor pollution from solid cooking fuel 34.1
Overcrowding 38.2
Total 100.0
Total in numbers® 1,372,994

Note. ECD: early childhood development; ECE: early childhood education.

Urban Rural National Urban Rural
61.7* 30.8* 47.4 42.6* 48.1*
55.3 54.7

7.4 9.6
14.8 24.9
1.5* 12.1* 25.2 11.6* 27.4*
10.4* 20.3*
58.3* 85.3* 71.1 47.7* 74.9*
24.3* 50.3*
7.1* 41.8* 37.1 7.1* 41.8*
8.5* 38.0* 60.5 16.1* 67.5*
10.6* 55.3*
4.2* 16.2* 62.5 40.4* 66.0*
15.1% 37.1*
29.6* 39.6*
13.6 86.4 100.0 13.6 86.4
186,864 1,186,130 1,372,994 186,864 1,186,130

?Headcount ratios are calculated for the reference population only. For example, 35.1% of children under 6 months were deprived in exclusive

breastfeeding.

PHeadcount ratios are calculated with the reference population being all children under 5 years.

“Estimated using official population projections for 2014 (Ministry of Planning, Cambodia, & NIS, 2017).

*P < 0.05.

children 0-23 months not meeting minimum acceptable diet standards.
Deprivation rates among children living in rural areas were higher than
in urban areas across all dimensions, though the percentage of children
with nutrition deprivation was almost similar in urban (42.6%) and rural
(48.1%) areas, largely due to the high rate (61.7%) of nonexclusive

breastfeeding among children under 6 months in urban areas.

3.2 | Multidimensional analysis

Most children under five had multiple deprivations (Table 3). Children in
rural areas experienced a significantly higher level of average
deprivation intensity among the deprived children, than children in
urban areas, at every level of increasing deprivation intensity. More than
half (57.1%) of children aged 0-59 months were concurrently deprived
in at least three dimensions, and these children experience, on average,
65.0% of the total possible deprivations. The adjusted deprivation
headcount (M) index was also significantly higher in rural (0.41)
compared with urban (0.11) areas at every deprivation intensity level.

Children deprived in the nutrition, ECD, water, sanitation, or
housing dimensions were more likely to be deprived in at least three
other dimensions simultaneously, with consistently higher rates of
three-way overlap in rural areas. The highest incidence of three-way
overlap occurred for nutrition, housing, and sanitation dimensions
(Figure S2).

3.3 | Stunting

More than 30% of children under 5 years of age were stunted, with

the highest prevalence in rural areas (33.0%) and in the north-east

region (37.2%). Deprivation incidence was higher among stunted chil-
dren than among nonstunted children at all levels of deprivation inten-
sity (see Figure S3). At the national level, 22.8% of children with at
least three deprivations were both stunted and multidimensionally
deprived, 34.6% and 9.4%

stunted, meaning that most children who are stunted are also

were only deprived, were only
multidimensionally deprived (Figure S4). Stunted children consistently
showed a larger overlap of deprivations across dimensions than
nonstunted children, particularly across the water, housing, nutrition,
and sanitation dimensions. Figure 1 shows that 20.8% of stunted
children were deprived in nutrition, water, and sanitation at the same
time, compared with only 9.5% of notstunted children.

To investigate the role of household wealth in the prevalence of
stunting, we plotted the headcount ratios of deprivation in nutrition,
health, ECD, and stunting against the CDHS 2014 household
asset-wealth index’ (Figure S5). Compared with a relatively steep
decline in the prevalence of children deprived in health and ECD
between the first and third wealth quintiles, the prevalence of stunting
and nutrition deprivation decreased only slightly between the first and
fourth wealth quintiles in urban and rural areas.

As shown in Table 4, being deprived in less than three-dimensions
had a sizeable negative marginal effect on the probability of being
stunted. Factors significantly associated with being stunted included
maternal height < 145 cm (average marginal effect [AME]: 0.196, Cl:
0.134, 0.258, P < 0.01); being in the poorest two wealth quintiles
(AME: 0.099; CI: 0.067, 0.130, P < 0.01); an additional year of child's

“The water, sanitation, and housing dimensions share certain variables used in
the construction of the indicators with the construction of the wealth index
and have therefore been omitted from this part of the analysis.
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TABLE 3 Multidimensional deprivation ratios by national and subnational level

Multidimensional deprivation Average intensity of deprivations Adjusted deprivation

0, H 0,
Number of headcount (H) % among the deprived (A) % headcount (Mo)
deprivations National Urban Rural National Urban Rural National Urban Rural
1-6* 93.0 76.0 95.7 49.9 32.7 52.1 0.46 0.25 0.50
2-6* 77.9 44.4 83.1 56.4 44.1 57.4 0.44 0.20 0.48
3-6* 57.1 18.7 63.2 64.8 59.0 65.0 0.37 0.11 0.41
4-6* 33.6 7.1 37.8 75.1 73.5 75.2 0.25 0.05 0.28
5-6* 14.1 2.7 15.8 86.9 84.8 86.9 0.12 0.02 0.14
6* 3.0 0.2 34 100.0 100.0 100.0 0.03 0.00 0.03

*P < 0.05.
. Non-deprived (9.5%)
Non-deprived (23.5%) Nutrition and Water (5.6%)
Nutrition and Water (3.4%) Nutrition (64.5%)
Nutrition (35.9%) Water (34.4%) Water (41.7%)
Water only (5.4%) N
Water only (3.5%)
Creraple o) Overlap (20.8%) “
Nutrition and Sanitation (11- d sanitation (16.1%) Nutrition and Sanitation /ater and Sanitation (11.8%)
Sanitation (56.5%)
Sanitation (67.6%)
NOT STUNTED STUNTED

FIGURE 1 Three-way overlap of deprivation in the nutrition, water, and sanitation dimensions for not stunted and stunted children. Source:

author's calculations using CDHS 2014

age (AME: 0.048, Cl: 0.39,0.057, P < 0.01), residence in the north-east
and rural areas, and presence of an additional child aged 5-14 years in
the household (AMEs less than 0.05).

Model 2a-c presents the association between having a low
deprivation intensity (0, 1, or 2 deprivations) and the likelihood of being
stunted. At the national level, not being deprived in at least three
dimensions was significantly associated with a -15.9-percentage point
change in the probability of being stunted (P < 0.01), controlling for no
or primary maternal education, maternal age at first birth under 18,
maternal height under 145 cm, male child gender, child's age, the
number of household members by age group, rural area of residence,
and residence in the north-eastern region. In rural areas, not being
deprived in three or more dimensions was also negatively associated
with being stunted (AME: -0.155, Cl: -0.187, -0.122, P < 0.01), in the
adjusted model.

Table 5 presents the results of Model 3a-g for rural areas,
estimating the probability change to being stunted given the likelihood
of a nondeprived status in respectively nutrition, health, ECD, water,
sanitation, housing, and all dimensions jointly (holding constant
deprivation status in other dimensions), controlling for key character-
istics used in Model 2a-c.®® In rural areas, nondeprivation in all
dimensions except ECD were significantly associated with a reduction
in the probability of being stunted without controlling for deprivation

1%Tables S7 and S8 present the national and urban-level results of Model 3a-g.

in other dimensions. Not being deprived in nutrition was associated
with the highest average marginal effect of a -26.2-percentage point
change in the predicted probability of being stunted (AME: -0.262,
Cl: -0.291, -0.233, P < 0.01). Controlling for nondeprivation in all
dimensions, in addition to the other covariates, showed that in the
joint relationship of the dimensions and their effect on the predicted
probability of stunting, the effect of nondeprivation in health became
less significant (AME: -0.031, Cl: -0.064, 0.002, P < 0.1), whereas the
effects of nondeprivation in housing became insignificant (P = 0.123).
The significance and magnitude of the effects of nondeprivation in
nutrition (AME: -0.258, Cl: -0.287, -0.229, P < 0.01) and sanitation
(AME: -0.050, CI: -0.084, -0.171, P < 0.01) remained robust.
Comparing the same model 3g estimated for urban areas (Table S8)
showed only nondeprivation in nutrition and housing were associated
with a negative change to the probability of being stunted, respec-
tively -23.0 (Cl: -0.302, -0.157, P < 0.01) and -7.9 (Cl: -0.152,
-0.007, P < 0.05) percentage points.

4 | DISCUSSION

This study is the first to construct a comprehensive multidimensional
child poverty analysis for Cambodian children aged 0-59 months
using the most recent 2014 CDHS. It applies UNICEF's rights-based
MODA toolbox to measure deprivation in the nutrition, health, ECD,
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(2?
Variables Stunting
Not deprived in >3 deprivations
Household in the poorest 2 wealth quintiles 0.0985***
(0.0160)
Mother has no or primary education 0.0139
(0.0166)
Mother's age at first birth <18 0.00655
(0.0231)
Mother's height <145 cm 0.191%**
(0.0318)
Child is a boy 0.0148
(0.0137)
Child's age 0.0479***
(0.00479)
No. of children 0-4 years in household 0.00754
(0.0112)
No. of children 5-14 years in household 0.0263***
(0.00646)
No. of children 15-17 years in household -0.0159
(0.0168)
No. of adults 18-59 years in household -0.00161
(0.00535)
No. of adults over age 60 in the household 0.0138
(0.0122)
Rural area 0.0430**
(0.0218)
North-east region 0.0442**
(0.0190)
Total 4,389

2AME + SE. Standard errors in parentheses.
*P < 0.1. **P < 0.05. ***P < 0.01.

water, sanitation, and housing dimensions, and in the combinations of
these dimensions.?

The findings reveal that in Cambodia, most children are
multidimensionally deprived (78% having >2 deprivations), with a high
average intensity of deprivation among the deprived children.*? The
greatest overlap occurred among deprivation in nutrition, health,
water, sanitation, and housing dimensions, suggesting that children
who are not deprived in these dimensions, through access to safe
water, adequate age-specific nutrition, and suitable living environ-
ments, are less likely to be stunted. Not only are most Cambodian chil-
dren multidimensionally deprived but they are particularly vulnerable
because of the high intensity of their deprivation, especially in rural
areas and among stunted children. Holding constant key background
characteristics, being deprived in less than three dimensions had a
consistently large negative marginal effect on the probability of being

stunted. Maternal height under 145 cm was also strongly associated

1Due to the large volume of analytical output, not all potential deprivation
overlaps can be reported within the scope of this article.

12This rate is higher than the rates estimated on 2010 data by Alkire and Santos
(2010) and UNICEF Office of Research (2014) using CC-MODA. The differences
are due to country-specific, theoretical, and technical choices in the thresholds
and parameters.
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(2a) (2b)? (2c)*
National Urban Rural
-0.159%** -0.163*** -0.155%**
(0.0148) (0.0474) (0.0164)
0.00375 0.0146 0.00134
(0.0163) (0.0366) (0.0183)
0.00144 -0.0298 0.00549
(0.0228) (0.0598) (0.0247)
0.196*** 0.205* 0.195***
(0.0316) (0.105) (0.0333)
0.0126 0.0260 0.0109
(0.0136) (0.0328) (0.0149)
0.0493*** 0.0295** 0.0524***
(0.00473) (0.0120) (0.00514)
-0.000744 -0.00506 0.000795
(0.0111) (0.0247) (0.0124)
0.0225*** 0.0337** 0.0207***
(0.00642) (0.0152) (0.00707)
-0.0203 -0.00493 -0.0239
(0.0167) (0.0365) (0.0185)
-0.00171 -0.0115 0.00172
(0.00525) (0.00979) (0.00612)
0.00801 0.0392* 0.00174
(0.0120) (0.0231) (0.0137)
0.0485*** 0.0202 0.0514***
(0.0188) (0.0592) (0.0199)
4,389 1,195 3,194

with child stunting, which is consistent with a pooled analysis of
maternal height and child growth patterns from five birth cohorts in
Brazil, Guatemala, India, the Philippines, and South Africa that showed
a 1-cm increase in maternal height predicts a 0.02 SD increase in con-
ditional height of children at 2 years of age (Addo et al., 2013).

Although housing and water, sanitation and hygiene (WASH)-
related deprivations were concentrated in rural areas, the high nation-
wide deprivation headcount for nutrition suggests poor infant and
young child feeding practices and inadequate growth are both preva-
lent in all regions of the country. Although the poorest children had
the highest prevalence of nutrition deprivation and stunting, the fact
that children in the highest wealth quintiles also exhibited these con-
ditions indicates that nonresource barriers to good child nutrition are
at play, which is consistent with other findings from Southeast Asia
(Bloem et al., 2013). Infant and child undernutrition in Cambodia is
attributed to inadequate macronutrient and micronutrient intake,
including suboptimal breastfeeding and complementary feeding prac-
tices, and insufficient intake of complementary foods of animal origin
(dairy, eggs, fish, and meat protein sources), compounded by the low
nutrient density of traditional Cambodian diets (Anderson et al.,
2008; Ministry of Health, Cambodia, 2011).

Although nutrition-specific strategies that combine interventions

before conception, during pregnancy, and in the first 2 years of life
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TABLE 5 Average marginal effects of the probability of being deprived in single and multiple dimensions, in rural areas

(3a)° (3b)° (3¢ (3d)° (3e)° (3 (3g)°
Variables Nutrition Health ECD Water Sanitation Housing All dimensions
Not deprived in nutrition -0.262*** -0.258***
(0.0146) (0.0147)
Not deprived in health -0.0585*** -0.0314*
(0.0179) (0.0170)
Not deprived in ECD -0.0147 0.00257
(0.0189) (0.0183)
Not deprived in water -0.0372** -0.0249*
(0.0155) (0.0150)
Not deprived in sanitation -0.0745*** -0.0504***
(0.0168) (0.0170)
Not deprived in housing -0.0411** -0.0255
(0.0168) (0.0165)
Mother has no or primary 0.0298* 0.0276 0.0353** 0.0333* 0.0193 0.0324* 0.00880
education (0.0170) (0.0179) (0.0177) (0.0177) (0.0182) (0.0177) (0.0178)
Mother's age at first 0.00460 0.00821 0.0141 0.0119 0.00967 0.0145 -0.00235
birth <18 (0.0240) (0.0251) (0.0252) (0.0251) (0.0250) (0.0252) (0.0238)
Mother's height <145 cm 0.170*** 0.199*** 0.198*** 0.196*** 0.193*** 0.195*** 0.165***
(0.0324) (0.0335) (0.0336) (0.0336) (0.0336) (0.033¢) (0.0324)
Child is a boy 0.0186 0.0120 0.0119 0.0130 0.0129 0.0106 0.0195
(0.0144) (0.0150) (0.0151) (0.0151) (0.0150) (0.0151) (0.0144)
Child's age 0.0649*** 0.0513*** 0.0502*** 0.0507*** 0.0514*** 0.0513*** 0.0653***
(0.00502) (0.00522) (0.00530) (0.00522) (0.00521) (0.00522) (0.00511)
No. of children 0-4 years -0.00967 0.0120 0.0132 0.0144 0.0113 0.0128 -0.0153
in household (0.0120) (0.0125) (0.0127) (0.0124) (0.0124) (0.0125) (0.0123)
No. of children 5-14 years 0.0245*** 0.0243*** 0.0258*** 0.0257*** 0.0254*** 0.0228*** 0.0204***
in household (0.00687) (0.00716) (0.00715) (0.00713) (0.00712) (0.00726) (0.00701)
No. of children 15-17 years -0.00899 -0.0237 -0.0214 -0.0224 -0.0177 -0.0226 -0.0101
in household (0.0182) (0.0187) (0.0187) (0.0187) (0.0187) (0.0187) (0.0182)
No. of adults 18-59 years -0.00482 -0.00358 -0.00309 -0.00316 0.00120 -0.00484 -0.00179
in household (0.00590) (0.00614) (0.00621) (0.00616) (0.00624) (0.00617) (0.00606)
No. of adults over age 60 -0.00290 0.00271 0.000351 -0.000555 0.00683 -0.00144 0.000629
in the household (0.0133) (0.0139) (0.0139) (0.0139) (0.0139) (0.0139) (0.0134)
North-east region 0.0631*** 0.0518** 0.0657*** 0.0609*** 0.0615*** 0.0607*** 0.0463**
(0.0195) (0.0206) (0.0204) (0.0204) (0.0203) (0.0204) (0.0198)
Total 3,194 3,194 3,194 3,194 3,194 3,194 3,194

Note. ECD: early childhood development.
2AME =+ SE. Standard errors in parentheses.
*P < 0.1. **P < 0.05. ***P < 0.01.

effectively improve child growth, the impact of reducing nutrition dep-
rivation on stunting will be substantially higher in combination with
nutrition-sensitive interventions in WASH conditions, and to a lesser
extent in health services, simultaneously implemented at the earliest
possible stage of the child's life cycle, as supported by Bloem et al.
(2013) and by evidence from South Asia in Aguayo and Menon
(2016). Water, sanitation, and housing inadequacies have been widely
studied as risk factors for child stunting, due to factors such as
increased exposure to microbial and diarrhoeal disease (Cumming &
Cairncross, 2016; Dearden et al., 2017). Children who have access to
safe water, adequate age-specific nutrition, and healthy housing
conditions, simultaneously implemented at the earliest possible stage
of the child's life, are less likely to be stunted. There is broad consen-
sus that nutrition-sensitive interventions such as “baby-WASH inter-
ventions” to improve sanitation, water, and hygiene and thereby
ensure a safe environment for infant feeding and development could
be instrumental to eliminating stunting in low-resource settings
(Mbuya & Humphrey, 2016; Ngure et al., 2014).

The study builds on existing research on determinants of stunting
in Cambodia and its socio-economic burden on the population (lkeda
et al., 2013; Moench-Pfanner et al., 2016; Zanello, Srinivasan, &
Shankar, 2016). Our study underscores the linkages between child
stunting and multidimensional deprivations, principally rooted in

poverty.

5 | LIMITATIONS

Our analysis focused on children with at least three chosen depriva-
tions and therefore excludes the children with some scarcity who
are also likely to be undernourished. Further, data were not represen-
tative at the provincial level, thereby limiting our ability to identify
pockets of extreme child poverty and assess the role of provincial
geography on stunting prevalence. The lack of data on characteristics
of fathers limited the ability to understand paternal influences on child

poverty and stunting such as associations between paternal age,
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occupation and decision-making power, and child undernutrition
observed in other studies (Deshmukh, Sinha, & Dongre, 2013). Finally,
the analysis is limited to the sample of children covered by the CDHS
which, by definition of a household survey, excludes some of the most
vulnerable groups of children who are not living in regular households.
Our analysis faces the common measurement limitations of studies
that use a household survey with self-reported data on child feeding
practices, for which there is insufficient information to assess any bias

in over or under-reporting.

6 | FUTURE RESEARCH

Several questions, not addressed in this analysis, are relevant to
understanding the determinants of child stunting in Cambodia. Future
analyses could benefit from studying the modifying role of child age at
1 or 2-year intervals to discern which specific interventions would be
most beneficial during these time points. Also, the likelihood of catch-
up growth and recovery from early stunting in Cambodian school-age
children should be examined. Finally, as social participation and envi-
ronmental pollution are becoming more relevant in the Cambodian
context, these dimensions should be considered for inclusion in future

multidimensional analyses.

7 | CONCLUSION

An understanding of the overlap of children's deprivations in early
childhood is important for identifying opportunities for improved inte-
gration of high-impact early childhood interventions. We have pre-
sented pathways for reducing stunting in Cambodia by addressing
children's multiple and overlapping needs within a multidimensional
framework. The high degree of overlap in nutrition, health, water, san-
itation, and housing deprivations, particularly for rural and stunted
children, supports the need for nutrition-specific and nutrition-
sensitive interventions in health and living environments during the
first 1,000 days. Helping families move out of poverty requires moving
beyond solely increasing incomes towards greater social investments

in human capital.
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