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Abstract

on CAS is scarce.

6- to 23-mo-old children.

Background The co-occurrence of anaemia and stunting (CAS) presents acute development and morbidity chal-
lenges to children particularly in sub-Saharan Africa (SSA). Evidence on the effect of child feeding recommendations

Methods We used data from 22 recent Demographic and Health Surveys in SSA countries to examine the associa-
tion between caregivers'implementation of recommendations on infant and young child feeding and the CAS in their

Results Overall, in multiple logistic regression models, child feed index score, high wealth of household, increas-

ing household size, household head with at least secondary school education, improved sanitation of household,

an increase in caregiver's age and caregiver's with at least secondary education were associated with lower odds of
CAS (i.e., AOR: 0.86; 95% Cl; 0.84 - 0.88: 0.75; 0.69 — 0.82: 0.98, 0.98 — 0.99: 0.76, 0.70 - 0.83: 0.81, 0.74 - 0.87: 0.87, 0.81
—-0.94:0.69,0.62 — 0.77 respectively). Having a diarrhoea in the past 2 weeks and having fever in the past month were
associated with higher odds of CAS (AOR:1.1,95% Cl; 1.0 - 1.2: 1.1, 1.0 — 1.2, respectively). Results from the decision
tree analysis showed that the educational level of women was the most important predictor of CAS, followed by child
feeding score, the level of education of the family head and state of drinking water.

Conclusion The results buttress the importance of interventions aimed at improving feeding practices and parental
educational as a vehicle to improve children’s nutritional status.

Keywords Anaemia, Stunting, Co-occurrence of anaemia and stunting: feeding practice, Decision tree

Introduction

Anaemia is defined as having low haemoglobin concen-
tration or red blood cell mass as resulting from either
nutritional factors (e.g., deficiencies of iron, folic acid,
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vitamin B;, and vitamin A), infections (e.g., soil-trans-
mitted helminths, malaria, tuberculosis and HIV/AIDS)
and/or due to genetic factors (e.g., thalassemia) [1].The
global prevalence of anaemia in 2010 was estimated at
32.9% with sub-Saharan Africa (SSA) among the hard-
est hit regions alongside South Asia [2]. According to the
World Health Organization (WHO), an estimated 273.2
million children aged 6—-59 months were anaemic in 2011
[3]. Stunting on the other hand is assessed by measuring
child’s length or height and interpretating the measure-
ment by comparing them with an acceptable set of stand-
ard values per the child’s sex and age category. Stunting
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is considered as the best indicator for assessing children’s
well-being. Over the past two decades whereas global
numbers of stunted children have decreased in most
regions, SSA has witnessed an increase [4].

Child growth was captured as a key indicator of devel-
opment by the Millennium Development Goals [5] and
subsequently within the Sustainable Development Goals
(SD@Gs) [6]. The SDG Target 2.2. aims to end all forms of
malnutrition, including stunting in children. Conversely,
childhood anaemia influences under five years mortal-
ity, delayed motor development, reduced mental capac-
ity and poor educational attainment [7] and substantial
economic burden [8, 9]. The consequence of stunting
includes low educational performance, suboptimal func-
tion later in life and, for pregnant women, adverse effects
such as restricted uterine blood flow and growth of the
uterus, placenta, and foetus [10].

Most undernutrition problems share overlapping risk
factors, especially with respect to their proximate deter-
minants [15, 16]. Factors such as poor socioeconomic
status, inadequate health service utilization, suboptimal
childcare practices and poor water and sanitation often
serve as correlates of multiple health conditions includ-
ing malnutrition outcomes [11, 12]. Given the overlap-
ping causes of anaemia and stunting, their co-occurrence
would be expected to occur particularly in poor childcare
settings [13].

There have been several adaptations of the oft-cited
United Nations Children’s Fund conceptual framework
that speaks to the correlates of childhood nutritional sta-
tus. An example of such a framework is the WHO frame-
work that gives importance to inadequate complimentary
child feeding practices -poor quality food, low dietary
diversity and intake of food, infrequent and inadequate
feeding, and insufficient frequency of feeding[14, 15]. It is
generally agreed that appropriate infant and young child
feeding (IYCF) is likely to increase child survival and pro-
mote optimal growth and development and has the most
impact on children between six months and two years. In
2002, the WHO and UNICEF adopted a global strategy
for IYCF aimed at bringing global attention to the impact
of feeding practices. The WHO has since introduced a
set of indicators for complementary feeding among chil-
dren aged 6 to 23 months to track and encourage optimal
feeding practices [16].

Although research on the effect of single feeding prac-
tice on nutritional outcomes is critical, it does not permit
the examination of child feeding practices on children’s
health and nutrition outcome [17]. Apart from a study
by Gebremedhin (2019), pooled indicators for IYCF
practices across the entire SSA have not been published.
Additionally, critically missing is the adequate scholar-
ship examining the relationship between IYCF practices

Page 2 of 13

and childhood nutrition outcomes (including anaemia,
stunting, and the co-occurrence of anaemia and stunting
(CAS)), which was the primary reason for which the indi-
cators were generated. The aim of the current study is to
use the most recent nationally representative data across
the SSA to examine the relationship between IYCF prac-
tices and CAS in 6- to 23-months-old children. The key
research questions addressed in this analysis are (1) Does
IYCEF predict CAS and (2) what is the relative importance
of the association of other covariates to CAS in sub-Saha-
ran Africa?

Methods

Data sources and procedures

We used data from the most recent Demographic and
Health Surveys (DHS) of selected sub-Saharan Africa
countries (SSA) provided by the Integrated Public Use
Microdata Series (IPUMS) (Minnesota Population Cen-
tre). The DHS employs a stratified two-stage cluster
sampling technique to select census enumeration based
on probability (proportional to area size), then a ran-
dom selection of households from a listing of households
within the selected enumeration area. These surveys
collect household and individual information on a wide
range of themes, using comparable questionnaires across
study countries. For selected households, a member who
is usually the household head answers general questions
on household socioeconomic and demographic charac-
teristics through a face-to face interview.

All consenting women within the reproductive age
bracket (i.e., 15 to 49 years old) are also interviewed
on questions such as their reproductive health, their
children’s dietary intake and their child feeding prac-
tices. Caregivers also provide information on the index
children (i.e., children between 6 to 59 months) in the
selected households. Children’s length/height and weight,
and haemoglobin concentration are also assessed. The
surveys also gather information on the household mem-
bers and characteristics of the household.

IPUMS DHS was established in 2012 to support
comparative over-time and international research with
the DHS [18]. IPUMS provides added value to nation-
ally represented survey and census data by coding
variables consistently across different countries and
over time. IPUMS also provides a systems integration
and documentation which enables researchers to eas-
ily merge information from different countries and
across different data types [19]. Interested variables
and samples (i.e., countries) were selected on IPUMS
data request portal and submitted. The pooled data us
then downloaded automatically. The following were
the inclusion criteria for selecting surveys for the cur-
rent analysis: (i) only sub-Saharan African countries,
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(ii) survey period between 2008 and 2017, and (iii)
included children’s anaemia and stunting status. The
DHS is a nationally representative cross-sectional
household survey that is conducted approximately
every 5 years. All DHS follow standardised procedures
in the survey design and data collection across study
countries [20].

Ethical considerations

Ethical clearances for the DHS studies are sought from
the Ethics Committee of ORC Macro Inc. and from
the Institutional Review Boards and Ethics Boards of
partner institutions (e.g., Ministries of Health) of the
studied countries. Protocols adopted for the DHS
ensure that standards for the protection of respond-
ents’ privacy and confidentiality are strictly adhered
to. The Inner-City Fund International ensures that the
survey conforms with the regulations for the respect
of human subjects as stipulated by the United States
Department of Health and Human Services. All proce-
dures were performed in accordance with guidelines in
accordance with the ethical standards as laid down in
the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. As this study
used data from the DHS provided through IPUMS, no
further ethical approval or consideration was required.
Additional information concerning protocols and
ethical standards of the DHS can be found at https://
dhsprogram.com/methodology/Protecting-the-Priva
cy-of-DHS-Survey-Respondents.cfm ( accessed on
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2" November 2022). Written informed consent was
obtained from all study participants.

Measures

Main outcome

Childhood anaemia was defined as having a haemoglobin
(Hb) level of<11.0 mmol/L in children 6 to 59 months
old, based on WHO classification [3]. The length/height-
for-age Z-scores (LAZ/HAZ) for children were calculated
based on child sex, age, and length (if aged <2 years) or
height (if aged>2 years) using WHO Anthro software
version 3.2 [21]. Children with a LAZ/HAZ less than -2
were considered stunted. Thus, CAS was considered as
having both a Hb level < 11.0 mmol/L and LAZ/HAZ < -2.

Main independent variable-1YCF practice

An IYCF index was created for this study based on age-
specific (6 to 8 months, 9 to 23 months) feeding recom-
mendations (Table 1). Breastfeeding is recommended
for at least 24 months [22]; 2 points were given for chil-
dren in all age categories who were breastfed and 0 if not
breastfed. Use of bottles are discouraged [23]; 1 point was
given for not using a bottle and 0 if a bottle was used.
Dietary diversity was evaluated based on the number
of food groups a child ate in the past 24 h using a list of
seven food groups: grains, roots and white tubers; leg-
umes; nuts and seeds; dairy products; flesh foods (meat,
poultry, fish, and offal); eggs; pro-vitamin A-rich foods
(yellow and orange-fleshed roots and tubers, orange-
fleshed fruits, and dark green leafy vegetables); and other
fruits and vegetables [24]. A published scoring scheme

Table 1 Variables and scoring system used to create the child feeding index for 6 to 23 months old children, by age group

Rationale for scoring

Breast milk provides at least half of the energy requirements for children 6 to

12 months and one third for those between 12 to 24 months. Reduces risk of acute
disease and chronic diseases provides long-term coronary health (Brown et al., 1990;
Kathyrn Dewey, 2008)

Bottle feeding is linked to unhygienic conditions increasing the risk of illness and

mortality (Boone et al,, 2016; Muhammad et al., 2018)

Having a more diverse diet is a proxy for adequate micronutrient-dense foods. Con-
sumption from at least 4 food groups over 24 h. is considered adequate and likely
to contain at least one fruit or vegetable and one animal source food in addition to

a staple food, usually cereals or other starchy staples (Working Group on Infant and
Young Child Feeding Indicators, 2006)

Age category
Variables 6to 8 months 9 to 23 months
Is breastfed No=0;Yes=2 No=0;Yes=2
Uses bottle No=1;Yes=0 No=1;Yes=0
For past 24 h
Dietary diversity score* 0=0 0=0
1to3= 1to3=1
>4=2 >4=2
Meal frequency Omeals/d=0  Omeals/d=0
1 meal/d=1 1to 2 meals/d=1

>2meals/d=2 >3 meals/d=2

Maximum score 7 points 7 points

The required meal frequency for children is dependent on their energy requirement
(Kathyrn Dewey, 2008)

2 Dietary diversity from 24-h recall; maximum score of 7 when a child consumes food items from all 7 food groups: grains and tubers, legumes, dairy, flesh (red meat,

fish, offal), eggs, vitamin A rich fruits, fruits and vegetables
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for diet diversity was modified and used as part of a feed-
ing index as follows: for all age categories, a score of 2
points for eating from 4 or more food groups, 1 point was
awarded to those who ate from 1- 3 food groups, and 0
was assigned to children who did not eat from any food
group over the past 24 h. Based on the recommended
meal frequency, 6- to 8-mo-old and 9- to 23-mo-old chil-
dren who were fed at least twice and thrice times, respec-
tively, were given 2 points. One point was given for fewer
meals and 0 for no meals. Taking cue from previous stud-
ies a final IYCF index was generated as a summation of
the scores obtained for each variable described [25]. The
feeding scores were categorized as ‘Low’ and ‘High’ based
on computation of the 50 percentile.

Other covariates

Selection of covariates was guided by the UNICEF frame-
work for childhood malnutrition and the WHO frame-
work that gives importance to inadequate complimentary
child feeding practices [26] and other socio-demographic
characteristics that known to have an influence on child-
hood malnutrition. Household characteristics such as
wealth status, total number of people (i.e., household
size), access to improved sanitation and drinking water
were included [27]. The following were considered as
improved water sources: piped water, boreholes, or tube
wells, protected dug wells, protected springs, rainwater,
and packaged or delivered water and the unimproved
sources were unprotected dug well, unprotected spring,
river, dam, lake, pond, stream, canal, and irrigation canal.
Improved sanitation facilities were flush/pour flush to
piped sewer systems, septic tanks, or pit latrines; ven-
tilated improved pit latrines, composting toilets, or pit
latrines with slabs with pit latrines without a slab or
platform, hanging latrines or bucket latrines and open
defecation considered as unimproved facilities. Child
characteristics that were selected included having expe-
rienced diarrhoea and fever of a specified period [28].
Whether or not a child was given either vitamin A or iron
supplements within the past 6 months was also assessed.

Statistical analysis

Factoring in the sampling design of the DHS data, sam-
pling weights were calculated to account for differential
probabilities of selection and participation of households
across countries. Weighted proportions and 95% confi-
dence intervals (CI) were calculated with STATA version
14.2 (Stata, College Station, TX, USA). The svyset com-
mand in STATA was used to describe the sample design.
The svy: prefix is used before commands for running
models such as regress or logistic. Chi-square was used to
test the association between child feeding index terciles
(low, medium, and high) and CAS in a bivariate analysis.
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For individual countries, binary logistic regression was
used to test whether the magnitude and statistical signifi-
cance of the association between the child feeding index
and CAS remained after controlling for other covariates
noted to influence anaemia and stunting.

We further used decision tree analysis to comprehen-
sively understand the weight of the factors that influ-
enced CAS observed, that is to examine correlates with
respect to the extent of their importance in predicting
the outcome of interest. A decision tree is a non-para-
metric supervised learning method used for both clas-
sification and predictive analysis problems. The goal is
to create a model that concurrently predicts and classi-
fies the value of a dependent variable (in this case CAS)
by learning simple decision rules inferred from the data
attributes [29]. Visually, it is an inverted tree where each
node represents a given data attribute, each branch a
decision rule (condition) and each leaf represent an out-
come (categorical or continuous value). In each node
of the tree, a splitting rule (referred to as a condition) is
applied to determine which class a datum should belong
for a specific attribute that has a property of data asso-
ciated with the node [30]. The algorithm has an added
power of inferring the dominant attributes most impor-
tant to the prediction. In this instance, the condition of
the node which is closest to the root of the tree is consid-
ered the most influential or the most important as far as
the prediction is concerned.

To obtain the tree and nodes, we employed the gain
ratio methodology as the criterion on which attributes
were selected for splitting. The gain ratio criterion is a
variant of information gain used in measuring how well a
given attribute separates the training examples based on
their target classification. The goal for the decision tree
analysis was to identify relatively important factors that
predict CAS. Automatic feature selection was performed
in the RapidMiner 2018 software (RapidMiner, Boston)
to select only attributes that contributed significantly to
the prediction of CAS. Criteria for selection included (1)
attributes (variables and the categories of that variable)
that had a strong relationship with the outcome variable
(CAS) and (2) independent variables that had very low
correlation between themselves.

Results

Characteristics of the study sample

The final analytic sample for assessing the association
of child feeding index with CAS was 33,846 caregiver-
child dyads across all the selected 22 SSA countries. The
heads of the households were mostly men (79%), and
only about 28% of the household heads had more than a
secondary level of education. In terms of household con-
ditions, slightly more than half of the households (56%)
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had improved water source, and 45% had improved toi-
let facilities. The mean household size was 7.2 (4.6 SD).
Over half of the countries (12/22, 55%) had less than 20%
of women attaining secondary or higher education. Fif-
teen out of the twenty-two countries had 20% or more of
mothers indicating that their children had diarrhoea or
fever over the two weeks prior to the survey. There was
no vitamin A supplementation in Angola, no iron supple-
mentation in Zimbabwe, South Africa, Rwanda, Namibia,
and Lesotho. The household, caregiver, and child charac-
teristics that may influence the nutritional outcome of
the children varied widely across the countries (Table 2).
The prevalence of households with improved water
source and access to improved sanitation facility was
lowest in Madagascar (31%) and highest in Malawi (80%).
Both maternal and head of household education varied
greatly across the SSA countries. Burkina Faso and Niger
had the lowest and South Africa had the highest educa-
tional achievement.

Nutritional status of children and child feeding practices:
Prevalence of anaemia, stunting and CAS

Overall, the prevalence of anaemia, stunting and the
CAS among the sample children were 76%, 32% and 25%,
respectively. More than half of the study countries had
over 80% of mothers breastfeeding their 6- to 23-months-
old children (Table 3). South Africa was the only country
with less than half of mothers breastfeeding. In Burkina
Faso, breastfeeding was close to universal (94%) and bot-
tle feeding almost non-existent (1%) for this age group.
Overall, only 16% of the children consumed from at least
four food groups.

Child feeding practices and its association with nutritional
outcome

Figure 1 shows bivariate associations between feeding
practices and CAS for each country. Overall, a lower pro-
portion of children with CAS was associated with having
a high compared to a low score on the IYCF score. There
were however some country variations in this pattern.
After adjusting for other covariates in the pooled data
set, child feeding index significantly predicted CAS (See
Table 4). That is, overall higher child feeding index score
was associated with a lower odds of children being both
stunted and anaemic (p <0.001). There were country-
specific differences in the models results after adjusting
for other covariates (Supplementary Table 1).

The decision tree analysis offered an alternative means
of identifying the level of relevance of attributes predict-
ing CAS. Overall, the caregiver’s educational level was
the most important predictor of CAS, followed by child
feeding index score, the household head’s educational
level, and access to improved water source for drinking

Page 5 of 13

(Fig. 2). A further breakdown of the tree through the
nodes revealed that, where caregivers had no educa-
tion at all or terminated at the primary level, there was
73.1% of CAS and 26.9% of no CAS. However, where the
level of education was secondary school and above, the
most important predictor towards CAS was the child
feeding index score. A feeding index score greater than
five resulted in 84.4% chance of no CAS. However, if the
child feeding score was less than five, the level of educa-
tion of the family head was the most important predic-
tor of CAS. If the household head’s level of education was
below primary school, this resulted in CAS. However, if
the level of education was secondary and above, state of
drinking water (i.e., having an improved water source)
was the predictor to focus on. Where there was improved
water source, there was no CAS, however, all households
without improved water source had CAS.

Other covariates associated CAS

In the pooled analysis, a lower odds of CAS was also
associated with greater household wealth, larger family
size, higher level of education of the household head and
the mother, improved sanitation, and older mothers (See
Table 4). Children with recent diarrhoea or fever had a
higher odds of CAS. There were country-specific differ-
ences in how sociodemographic variables were related to
CAS. For example, after controlling for other predictors,
more caregiver formal education was associated with
a lower odd of a child being both anaemic and stunted
only in six countries. Not all countries showed a negative
association between wealth and CAS. Improved sanita-
tion was protective against CAS (decreased odds) in Bur-
kina Faso, Burundi, Niger, and Senegal Faso. Having had
childhood diarrhoea recently was a predictor of CAS in
Angola, Cameroon, and Zimbabwe.

Discussion

This study aimed to examine the relationship between
IYCF recommend practices and the co-occurrence of
anaemia and stunting. Arguably, this study provides the
most comprehensive up-to-date evidence of the associa-
tion of IYCF practice on CAS in children 6 to 23 months
of age, using nationally representative samples across
sub-Saharan African countries. Based on the WHO
classification for assessing severity of malnutrition [31],
approximately 64% of countries in the current sample
had very high prevalence of stunting (> 30%). Conversely,
the prevalence of childhood anaemia was severe [3] for all
the countries in the study (i.e., above 40%). A quarter of
the children (25%) were anaemic and stunted at the same
time. Overall, the child feeding index was associated
with CAS, and the decision tree analysis showed mater-
nal education as the most important predictor of CAS in
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Fig. 1 Bars show the observed prevalence of co-occurrence of anemia and stunting (CAS) by child feeding index and country, among children
aged 6 to 23 months (n=33,846) in 22 sub-Saharan African countries (pooled data, Demographic and Health Survey data sets, 2008 to 2017). Stars
above bars indicate significant difference (P<0.05) in the prevalence of CAS within levels of child feeding scores (i.e,, High, Medium, and Low)

SSA followed by child feeding index. Result of the influ-
ence of child feeding practices on comorbid malnutrition,
corroborates with earlier research conducted in other
global regional blocks [32, 33]. IYCF score was associated
with the decreased likelihood of stunting and CAS, but
rather the increased odds of children being anaemic.

The Lancet series on child survival identified IYCF
practice as a major factor in children survival [34, 35].
This analysis buttresses the importance of infant and
young child feeding practices in child nutritional status
and growth. There is a need for continued interventions
such as counselling of caregivers about benefits of appro-
priate or adequate child feeding practices. In the first two
years of life, appropriate breastfeeding and complimen-
tary feeding techniques are channels for optimal nutri-
tion that provide defence against poor growth and boost
immunity against illnesses.

That IYCF was associated with anaemia but not in the
expected direction. This may be because that there are
several other factors such as non-iron deficiency (other
micronutrients), infections and blood disorders that
contributes significantly to anaemia in the sub-Saharan
African region. The causes of childhood anaemia are
multifaceted and intricately related to one another. There
are many non-dietary factors, such as intestinal para-
sites like soil-transmitted helminths (STH) and Schisto-
soma; malaria; HIV infection; and chronic diseases like
sickle cell disease, in addition to dietary factors (such as
iron deficiency, other micronutrient deficiencies such as
folate, vitamin B12, and vitamin A), that may be linked
to IYCE.

The role mother’s formal education plays in the over-
all well-being and specifically children’s nutrition and
growth has long been documented [36]. Generally, higher
educational status of caregivers reflects an improved

socioeconomic status that in-turn affects the proximate
determinants of health and, either directly or indirectly,
affect the health and nutritional status of children [37].
This is however influenced by other socio-environmental
factors [38]. An analysis of the effect of parent educa-
tion on children nutritional status from 56 developing
countries, concluded that formal education of the parent
might have greater impact on nutrition when the educa-
tion directly improved nutritional knowledge of parents
[39].

Overall, type of water and sanitation were also impor-
tant predictors of CAS. This finding would suggest sup-
port of interventions that addressed environmental
enteric dysfunction an underlying cause of both stunting
and anaemia, particularly among people living in condi-
tions of poor water, sanitation, and hygiene [40]. How-
ever, the SHINE study in Zimbabwe yielded no additional
benefit with respect to reduction in stunting and anae-
mia. The association of sanitation and the presence of
fever in children with the CAS reinforces the important
role infections play in child growth. Infections causing
illnesses such as malaria and diarrhoea result in anaemia
and growth faltering in children [41, 42]. Child nutrition
and infections have a bidirectional relationship. Whereas
frequent infections can lead to diarrhoea and/or impair
absorption of needed nutrients thus resulting in mal-
nutrition among children, a malnourished child is also
more susceptible to infections. Generally, this study also
revealed the disadvantage of poor socio-demographics
(via wealth) on the nutrition outcomes, here CAS. This
finding is also consistent with previous studies conducted
in other global regional blocks [43, 44].

In addition to food security and health care services,
the UNICEF conceptual framework considers the impor-
tance of immediate determinants such as adequate
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Table 4 Logistic regression results showing the overall relationship between child feeding index and Childhood anaemia and
stunting and their Co-occurrence among children 6 to 23 months®

Indicator of malnutrition

Anaemia Stunted CAS
Child feeding index® 1.08*** 0.83*** 0.86™**
(1.049—1.108) (0.805—0.848) (0.836—0.884)
High wealth (Yes)“ 0.91%* 0.76*** 0.75%**
(0.833—0.987) (0.696—0.824) (0.690—0.824)
Household size (#) 1.04%** 0.97%** 0.98***
(1.034—1.054) (0.960—0.974) (0.978—0.992)
Household head (Male) 1 0.92* 0.92
(0.915—1.092) (0.851—1.004) (0.837—1.006)
Household head’s education (At least secondary) 0.83%** 0.78%** 0.76%**
(0.754—0.910) (0.718—0.849) (0.696—0.836)
Improved water source for drinking (Yes) 0.99 0.99 1.02
(0.921—1.069) (0.930—1.064) (0.949—1.091)
Improved sanitation (Yes)® 0.90%** 0.82%** 0.81%**

Caregiver’sage (1=25t049y;0=15t0 24y)

(0.831—0.972)

(0.764—0.885)
0.94*

(0.745—0.869)
0.87%**

(0.699—0.811) (0.880—1.006) (0.813—0.938)
Caregiver's education (At least secondary) 0.72%** 0.73%** 0.69%**
(0.656—0.794) (0.666—0.810) (0.616—0.767)
Child had diarrhoea in past 2 wk. (Yes) 1.03 1.13%** 1.13%**
(0.945—1.116) (1.047—1.216) (1.040—1.230)
Child had fever in past 2 wk. (Yes) 1.34%** 1.01 1.12%**
(1.230—1.453) (0.941—1.090) (1.037—1.213)
Child given iron tablet in past 6 mo (Yes) 1.07 1.01 1.01
(0.939—1.214) (0.906—1.130) (0.898—1.134)
Observations 29,408 29,408 29,408

2 CAS: Co-occurrence of anaemia (haemoglobin level < 11.0 mmol/L) and stunting (length/height-for-age Z-score <-2). Values are odds ratios (95% confidence
intervals) from logistic regression models. Adjusted models are multiple logistic regression with CAS as the dependent variable controlling for all covariates shown;

#*4p < 0,001, **p < 0.05

b Child Feeding Index: A child feeding index was created based on age-specific (6 to 8 months, 9 to 23 months) feeding recommendations on breastfeeding, use of
feeding bottle, diet diversity, and meal frequency (Kramer, 2012 [22]; Ruel and Menon, 2002 [17]; WHO, 2010 [21, 24])

©Wealth quintiles were calculated from an asset-based wealth index using assigned asset weights from a principal components analysis to create standardized asset

scores

9 Improved water source: piped household water connection, public standpipe, borehole, protected dug well, protected spring and rainwater

¢ Improved sanitation: ventilated improved pit latrines and pit latrines with a slab or covered pit; NB: There is no data on wealth for South Africa

caregiving practices, including IYCEF, to ensure the opti-
mal growth of children. This study’s findings demon-
strated the impact of IYCF and its importance in a child’s
development. The effects of some underlining determina-
tions in the framework, such as health (which includes
diarrheal status), education, and sanitation, on children’s
nutritional status are also buttressed in the current study
[45].

With respect to policy, countries are urged by the
Global Strategy on Infant and Young Child Nutrition to
create and put into effect comprehensive IYCF guide-
lines that safeguard, encourage, and promote breastfeed-
ing and complementary feeding [46]. While efforts to

improve child feeding practices among caregivers con-
tinue, as a policy recommendation there is an increased
need for early childhood educators to be educated on
appropriate child feeding practices. This is necessary as
we see an increasing number of young children attend-
ing day care centres and prekindergarten programs. The
WHO and others rightly acknowledge the role these early
childhood educators play in optimal infant and child
health [47, 48].

A major strength of this work is that the current analy-
sis was drawn from twenty-two nationally representa-
tive large samples. Additionally, to our knowledge, this is
the first analysis using representative data across SSA to
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[ 1st: Mother’s Formal Education Level ]

[ No Education ]1

[ 73.2% of CAS 26.8% no CAS ]

Secondary and above

2nd: Child feeding index ’

e

[ Score > 5.0 I

[ 15.8% of CAS I 84.4% no CAS ]

)

[ Score < 5 ]

‘ 3rd: Household head Formal Education ’

[ No Education J:

[ 73.1% of CAS 26.9 % no CAS ]

' I
Secondary and above ]

1 4th: Source of drinking water ’
I

[ Improved water source ]:

[ 0 % of CAS I 100 % no CAS ]

Fig. 2 A summary of the decision tree analysis showing the three most important correlates of co-occurrence of anaemia and stunting (CAS)
'Improved water source: piped household water connection, public standpipe, borehole, protected dug well, protected spring and rainwater

investigate the effect of the WHO’s recommended infant
and young children feeding practices on the co-occur-
rence of stunting and anaemia at the individual level. This
notwithstanding, the study is not without some limita-
tions. First, it uses cross-sectional data occurring at dif-
ferent time periods in different countries and that the
nutrition outcomes of interest, that is childhood anae-
mia and stunting could be influenced by prevailing some
country-specific microeconomic variables which are not
captured in the DHS, thus not included in our current
models. Information on the use of micronutrients sup-
plements and/or other drugs by children that could influ-
ence their anaemia status in children were not accounted
for in the DHS thus could not be controlled for in our
models.

Another probable limitation of our estimation tech-
nique, particularly in the logistic regression may be that
the child feeding index (score) variable may be endog-
enous to our model, in that it may be influenced by
some covariates that also influenced the co-occurrence
of stunting and anaemia. The existence of such an issue
(endogeneity) could lead to having biased estimates
[49]. This concern is often addressed using instrumental
variables and a two-stage least squares methods. Thus,
future studies could explore identifying a variable that is

associated with the endogenous variable being predicted
in the first stage equation but not associated with CAS.
This may ensure better estimates. Unfortunately, after
much exploration we found no such variable or variables
in the DHS dataset.

Conclusions

Although there is no “silver bullet” that could solve the
CAS, these results strengthen the argument for the
improvement of IYCF and maternal formal education
may serve as a pathway to the improvement of childhood
nutrition. Interventions aimed at addressing the burden
of stunting and anaemia and their co-occurrence are
in synchrony with the Sustainable Development Goals
aimed at reducing hunger and improving the wellbeing of
the populace, particularly women and children.
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