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Abstract

Nutritious foods are unaffordable to the majority of households in lower-income countries. Hence, starchy staples tend to be
the main source of diets for men, women, and children, implying poor diet quality and deficiency in key nutrients that are
crucial for child’s physical growth and cognitive development. Much of existing studies on child linear growth or stunting
examined the impact of current dietary consumption on physical growth even though the effect of diets and nutrition would
only be observed with time lag. This study examined the associations between sustained consumption of animal sourced
foods (ASFs) and adequate nutrient intakes (measured by the mean nutrient adequacy (MPA)) and linear growth differences
among children in rural and small towns in Ethiopia. Using nationally representative longitudinal data, results of fixed effects
estimations suggested that a standard deviation increase in the household MPA was associated with a 10-11% increase in
the height-for-age z-score; and a 10% increase in the household MPA was associated with a 3.2 — 5.6% reduction in stunting
rate in children 6-59 months of age. Results also indicated some associations between past ASFs consumption and current
linear growth outcomes in younger children. The gap in the household MPA was over 41%, indicating the need for nutrient-
dense ASFs in the household diets despite the sustainability concerns around ASFs. Key implication is that policies and
interventions aimed at improving linear growth outcomes of children in rural and small towns in Ethiopia should improve
household’s access to ASFs and nutrient acquisition capacity.
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1 Introduction

In 2021, the share of the global population who could not
afford a healthy diet—that is energy sufficient, nutritionally
adequate and sourced from diverse foods — was estimated at
42.2% (FAO et al., 2023). The corresponding share in low-
income and lower-middle-income countries was estimated at
86.1% and 70.2%, respectively. In Ethiopia, the correspond-
ing share was 83.8% (FAO et al., 2023). This has huge impli-
cations on undernutrition in the population in general and
young children in particular. This is because undernutrition
in early years is associated with shorter adult height, lower
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attained schooling, reduced economic productivity (Victoria
et al., 2008), and can result in intergenerational transfer of
poor birth outcomes in the next generation (Addo et al., 2015;
Victoria et al., 2008). Child stunting (being short for their
age) together with deficiencies of iodine and iron can con-
tribute to children not reaching their developmental potential,
and deficiencies of vitamin A and zinc can result in deaths
(Black et al., 2013).

In Ethiopia, despite a reduction of stunting prevalence by
about 14 percentage points between 2005 and 2019 among
children under 5 years of age, child undernutrition remains
high (EPHI & ICF, 2021). The same report indicates that,
in 2019, the prevalence of stunting among children under
two years of age ranged between 17 and 36%. Unless the
current trend in the reduction of stunting in Ethiopia will
be accelerated, the country will be offtrack to meeting one
of the SDG targets and its ambitious plan to end stunting
in children under two years of age by 2030, also called the
Seqota Declaration (FDRE, 2016).
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There is a vast literature on the determinants of child lin-
ear growth outcomes or stunting in Ethiopia. Based on a sys-
tematic literature review, Tasic et al. (2020) found that child
characteristics such as age, sex, and the incidence of diar-
rhea; parental characteristics including maternal education
and height; and household characteristics including wealth
status, food security, access to improved water sources and
sanitation facilities, are among major determinants of child
stunting in Ethiopia. The aforementioned study further
grouped stunting determinants in Ethiopia into immediate,
underlying, and the enabling determinants, according to
the conceptual framework on maternal and child nutrition
(UNICEF, 2021) which also guides this study.

Chief among immediate causes of child stunting in Ethio-
pia includes inadequate dietary intakes of energy and differ-
ent nutrients needed for child growth (e.g. Haile et al., 2016;
Wirth et al., 2017). Various studies show that energy and
nutrient intakes among young children in Ethiopia are far
below the WHO recommendations (e.g. Haileselassie et al.,
2022; Feyisa et al., 2020; Mengistu et al., 2017; EPHI, 2016,
2013; Baye et al., 2012). Yet, much of existing studies on
the determinants of child stunting in Ethiopia examined the
importance of diet quality and adequacy using proxy indi-
cators such as dietary diversity score (e.g. Gebreayohanes
& Dessie, 2022; Mohammed et al., 2019; Motbainor et al.,
2015), notwithstanding the strong associations between die-
tary diversity and nutrient adequacy (e.g. Mekonnen et al.,
2020; Arimond et al., 2010; Arimond & Ruel, 2004; Ruel,
2003). This study contributes to the literature by examining
the quality of diets consumed in the household, taking into
account the type of foods consumed and adequacy of nutri-
ent intakes.

Studies elsewhere documented the importance of animal
source foods (ASFs) for improving diet quality and chil-
dren’s linear growth or stunting (e.g. Grillenberger et al.,
2006; Headey et al., 2018; Iannotti et al., 2017, 2019; Mur-
phy & Allen, 2003; Neumann et al., 2002; Parikh et al.,
2021), and some studies also in Ethiopia (e.g. Hoddinott
et al., 2015; Mekonnen et al., 2022; Omer et al., 2019,
2022). However, evidence on the longer-term effect of
ASFs consumption on linear growth is inconclusive. For
example, a randomized controlled trial involving egg inter-
vention during early complementary feeding in Ecuador
found improved linear growth and reduced stunting (Ian-
notti et al., 2017). A follow up study, however, did not
find the effect of the intervention in linear growth after
two years (Iannotti et al., 2019). Relatedly, using observa-
tional data from the Demographic and Health Surveys for
several countries, a recent study identified the independ-
ent association of ASFs consumption and children’s linear
growth or stunting (e.g. Headey et al., 2018). The afore-
mentioned study, however, lacks information on whether
sustained consumption of ASFs is associated with child
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linear growth. This study adds to the growing literature by
considering sustained (past as well as current) consump-
tion of ASFs.

This study is embedded in two related strands of literature
on child linear growth determinants. The first is on nutrient
intakes which has been found strongly linked with child lin-
ear growth outcomes (e.g. Gibson et al., 2009; Grillenberger
et al., 2006; Puentes et al., 2016), even though the role of
micro-nutrients is considered rather supportive for optimal
functioning of immune system and optimal growth outcomes
(Ramakrishnan et al., 2009; Sanin et al., 2018). The second
is on the importance of ASFs as described above. This study
contributes to both strands of the literature because many of
previous studies drew from cross-sectional or pooled panel
observations even though the effect of dietary consumption
on child growth would only be observed with time lag. Stud-
ies with repeated observations over a child’s consumption
and linear growth are either scarce (Puentes et al., 2016;
Zaharia et al., 2021), or those available are mainly from
nonrepresentative sample with limited geographic coverage
(e.g. Belayneh et al., 2021; Puentes et al., 2016). Further, the
aforementioned longitudinal studies, with the exception of
Puentes et al. (2016), relied on proxy indicators such as die-
tary diversity score or indicators of consumed food groups
without measuring the quantity and adequacy of nutrient
intakes, even though dietary diversity is strongly associated
with nutrient adequacy as described above.

In sum, the main objective of this study is to examine the
associations between household’s food and nutrient acqui-
sition capacity and linear growth in children in rural and
small towns in Ethiopia. Specifically, we examine whether
household’s sustained intake of multiple nutrients (measured
by the mean nutrient adequacy (MPA)) is linked with child’s
linear growth. In addition, we examine whether household’s
sustained acquisition of animal sourced foods (ASFs) is
strongly linked with child’s linear growth. This study dif-
fers from previous research in Ethiopia in at least two ways:
(1) it evaluates the actual quantities consumed and their
adequacy (the MPA) instead of using other proxy indicators
for nutrient consumption; and (2) compares the association
of past (lagged) consumption of food (including ASFs) and
nutrients against current (contemporaneous) consumption on
child linear growth outcomes using nationally representative
longitudinal data.

2 Material and methods

2.1 Data

We used all the three waves of the Ethiopia Socioeconomic
Panel Survey (ESS) collected by the Ethiopia Central Sta-
tistics Agency in collaboration with the World Bank as part



Household'’s food and nutrition acquisition capacity and linear growth in children in Ethiopia 535

of the Living Standards Measurement Study-Integrated
Surveys on Agriculture (LSMS-ISA) project. The ESS was
implemented every two years: the households in the survey
were visited in 2011/2012, re-visited in 2013/2014, and then
re-visited again in 2015/2016. The first wave was a nation-
ally representative survey of 3,969 households living in rural
and small town areas. The subsequent waves added samples
from large town areas, increasing the total sample to over
5000 households in waves 2 and 3 (CSA and World Bank
2020). For the purpose of establishing associations between
child linear growth and past consumption patterns, we lim-
ited our analysis to the same set of households that were
interviewed at the baseline (wave 1) and subsequent waves.

This study considered 1708 households with children
aged less than 59 months at the baseline (i.e. wave 1) and
had complete information on other household level indica-
tors. Some of the households had multiple children under
five years of age. In total 2386 children were considered
in the study, including those younger than 6 months at
the baseline. The panel survey therefore interviewed each
study panel household up to three times. For children 6—59
months of age we calculated two indicators of child growth
status using the 2006 World Health Organization (WHO)
growth standards: the height for age z scores (HAZ) and
a binary indicator for stunting based on whether the HAZ
score was below two standard deviations from the WHO
growth standards (WHO, 2006).1 Children aged 6—59
months with height measurement outside of the normal
growth standards (i.e. less than or above five standard
deviations) according to the WHO growth reference were
excluded from the baseline analysis but were kept in the
sample. That is, some of these children were included back
in the analysis of the subsequent survey waves because their
height measurement in those surveys was within the nor-
mal growth standards described above. Similarly, children
younger than six months at the baseline were excluded from
the baseline analysis but were included in the analysis of the
last two survey waves, yielding unbalanced panel. Hence, the
total number of children with HAZ scores within the WHO
growth standards at the baseline, the second- and third- sur-
vey waves was 1605, 2297 and 2376, respectively. Only 1022
children were observed in all three survey waves whereas
the remaining children were observed only twice (i.e. either
in waves 1 and 2, waves 2 and 3, or waves 1 and 3). Finally,
the overall attrition rate was quite small since it was only ten
children and nine households that completely dropped out
from the analysis.

! For children who became older than five years during the sec-
ond and third survey waves, the HAZ score and the stunting preva-
lence were calculated using the 2007 WHO reference for children
5-19 years (WHO, 2007).

Besides height measurements for children under five
years of age,” the ESS contains information on a wide range
of household socioeconomic and demographic character-
istics in each round of the survey including age and educa-
tion status of each household member, and household level
information such as access to water and sanitation, nonfood
spending, food consumption and spending, among others.
We calculated the nutrient content of foods consumed in
the household using the Ethiopian food composition table
(Agren & Gibson, 1968), and other sources including the
USDA (2016), Langenhoven et al. (1991), West et al. (1989),
where nutrient information was missing. Waste and reten-
tion factors were applied to raw foods to account for nutri-
ent losses during preparation (USDA, 2016). As this study
is concerned mainly with household nutrient and dietary
consumption and child linear growth, we checked whether
the daily total food consumption per adult equivalent was
feasible based on criteria from a human nutrition perspec-
tive; excluding households whose estimated energy con-
sumption per adult female equivalent (AFE) was below 500
kilocalories per day and those above 5,000 kilocalories per
day (Voortman et al., 2017). More detailed procedures fol-
lowed including the use of AFE are described elsewhere
(Mekonnen et al., 2020).

Having calculated the nutrient contents from foods
consumed at home, we estimated the mean probability of
nutrient adequacy (MPA) per AFE based on 11 nutrients
including protein, iron, zinc, thiamin, riboflavin, niacin,
vitamin B6, folate, vitamin B12, vitamin C, and vitamin A.
The probability approach to calculating nutrient adequacy
is considered robust to misspecification of variance so long
as the distribution of requirements is symmetric (Wiesmann
et al., 2009). The probability approach makes use of the
estimated average requirements (EAR), which is the daily
nutrient intake value estimated to meet the requirements of
half of the healthy individuals in a given population (IOM,
2006). Assuming normal distribution of nutrient require-
ments of non-pregnant, non-lactating adult women, we cal-
culated the probability of adequacy for each of the above
nutrients (excluding iron) by solving for the standardized
score (z-score):

usual intake; — EAR,
SD; ’

1

z — score; =

SD = CV x EAR (1)

where SD and CV respectively represent the standard devia-
tion and coefficient of variation for nutrient i. We replaced

2 Height and weight measurements were also taken on children who
became older than 5 years during waves 2 and 3; and were included
in this study.

@ Springer



536

D. A. Mekonnen

usual intake by observed daily nutrient consumption per
AFE. Note that even though we used per AFE values to
proxy for intra-household distribution of food (Coates et al.,
2017; Sununtnasuk & Fiedler, 2017), actual food distribu-
tion may differ from that implied by the AFE scale, which
is one of the limitations of this study. We used the EAR
and CV values from WHO/FAO (2004) for an adult female
(19-65 years) (see Supplementary Table Al). Using the
standardized z-scores and the property of standard normal
distribution, we computed the probability of adequacy for
each nutrient. As the requirements for iron are known to be
skewed for non-pregnant, non-lactating women (see IOM,
2006, 43-44), the probability of adequacy for iron was cal-
culated using the probability of adequacy table (see Wies-
mann et al., 2009, p 206, adapted from IOM, 2006) assum-
ing a bioavailability of 5%. Last, we calculated the MPA
by averaging the probability of adequacy of 11 nutrients
described above.

Further, we examined which food groups were con-
sumed in the household over the previous 7 days, based on
information whether anyone in the household consumed
any food during the recall period. Specifically, we consid-
ered 7 food groups which are important for child growth
according to WHO guidance, including (1) cereals, roots
and tubers; (2) legumes and nuts; (3) milk and its deriva-
tives; (4) meat products (meat, poultry, offal, and fish);
(5) eggs; (6) vitamin A-rich fruits and vegetables (leafy
green vegetables, yellow fruits and vegetables); and (7)
other fruits and vegetables (WHO, 2010). Even though the
standard recall period for this type of research is twenty-
four hours, our data is available for seven days. However,
considering household consumption data over seven days
period is likely to be closer to the household’s normal
consumption pattern. In addition, the seven days reference
may take into account religious restrictions among ortho-
dox Christians in Ethiopia on the consumption of animal
sourced foods on specific days in a week which otherwise
a twenty-four hours recall may not capture (Haileselassie
et al., 2022; Desalegn et al., 2019; Melesse & van den
Berg, 2020).

3 Empirical strategy

As noted above, the effect of dietary consumption on child’s
linear growth would be observed with time lag. Hence, to
examine the relationship between current child outcomes
and household’s dietary consumption in the previous period,
we run panel regressions of the following form, following
Zaharia et al. (2021) and informed by the concept of nutri-
tion production function described in Behrman and Deola-
likar (1988):
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Child outcome;, = aMPA;,_; + X; /P + A6, + ¢, )

where Child outcome;, is either the HAZ score of child i in
time ¢, or a binary variable indicating whether or not the
child is stunted at timez. MPA is the key variable of inter-
est and denotes the consumption of multiple nutrients (the
mean probability of nutrient adequacy) by the i’th child in
the household at time # — 1. X measured at time ¢ denotes a
vector of controls including the child’s age (including third-
degree polynomial to capture the nonlinear relationship
between child growth and dietary consumption (Alderman &
Headey, 2018; Haile et al., 2016; Puentes et al., 2016), sex,
and whether the child recently had diarrhea, maternal edu-
cation, and whether the household had access to improved
water sources and improved sanitation facilities. Controls
were selected based on the concept of nutrition production
function (Behrman & Deolalikar, 1988), the conceptual
framework on maternal and child nutrition (UNICEF, 2021),
and previous studies especially in Ethiopia (Tasic et al.,
2020). Also in X is the number of days between height meas-
urements for each child across successive survey waves. This
is to account for linear growth differences among children
due to differences in the dates of measurement since children
experience high growth and growth spurts during the first
two years (Puentes et al., 2016; Victoria et al., 2010). e, isa
random error. Since there is potential for error e;, variances
to be correlated over time for a given child or over children
within a given cluster, we cluster standard errors at enumera-
tion area level (Abadie et al., 2017).

6;, denotes location by survey wave fixed effects that con-
trol for unobserved temporal characteristics such as food
prices, market availability, the health environment, etc. that
affect children’s outcomes that are common to all children
in a given location. In some specifications we use child fixed
effects to control for unobserved child characteristics that
do not change over time, such as maternal height, health
and nutrition during pregnancy, birth outcome and exclu-
sive breastfeeding before the age of 6 months, together with
survey wave fixed effects to account for temporal shocks that
affect all children in a survey.

Further, we examine the relationships between ASFs con-
sumption and child growth outcomes by modifying Eq. 2,
and replacing MPA by ASFs and other food groups meas-
ured at time t-1:

Child outcome;, = ASF;,_\'d+O0;,_,"w+ X,/ + A8;, + my,

3)
where O denotes a vector of food groups other than ASFs
(including binary indicators for starchy staples, legumes,
vegetables, and fruits), the controls X and 6 are the same as
in Eq. 2 and p;, is error terms of cluster and enumeration
area fixed effects. Variants of this model consider two defini-
tions of ASFs consumption: by type of individual ASF and
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the total number of ASFs consumed. The latter is considered
because different ASFs contain different growth-stimulating
nutrients and previous studies also found stronger associa-
tions between multiple ASFs consumption and child growth
outcomes (Headey et al., 2018).

To check the robustness of results, we rerun the above
models after including contemporaneous consumption
in X; based purely on contemporaneous consumption; by
changing controls and fixed effects; and by running sepa-
rate regressions for different age groups. The analysis of the
longitudinal panel on contemporaneous consumption and
child growth outcomes re-examines findings of previous
cross-sectional and pooled panel studies that found strong
links between child growth outcomes and contemporane-
ous consumption, since the effect of current consumption
on child growth outcomes would be observed with time lag.
We run regressions with user written Stata command, regh-
dfe, that efficiently absorbs multiple levels of fixed effects
(Correia, 2014). The main advantage of this method is that it
iteratively removes groups with only one observation which
otherwise can overstate statistical significance and lead to
incorrect inference (Correia, 2015).

Last, despite the use of lagged explanatory variables and
fixed effects estimations, we interpret the results as associa-
tions rather than causal relations since lagging explanatory
variables may not sufficiently address endogeneity concerns
(Bellemare et al., 2017) i.e. factors that might determine the
household’s food and nutrition acquisition capacity might
still affect nutritional status through other channels.

4 Results
4.1 Descriptive statistics

Characteristics of the sample and variables used in this study
are described in Table 1 and Figs. 1, 2 and 3. The average
height-for-age z-score (HAZ) of children was -1.41, and the
prevalence of stunting in children was 38%. The household’s
mean nutrient adequacy (MPA) was 0.41. Figures 1 and 2
show the distribution of both the HAZ score and the MPA by
survey waves>. The share of households who consumed only
one type of animal sourced food (ASF), and two or more
types of ASFs was 31% and 13%, respectively (Fig. 3). When
individual food groups were evaluated, the share of house-
holds consuming starchy staples was above 60%, and those
consuming legumes and vegetables was between 30%-36%.
Whereas the share of households consuming eggs, dairy,

3 A figure describing the distribution of the HAZ scores against the
standard normal distribution is presented as supplementary material
(Fig. S1).

Table 1 Descriptive statistics of key variables

Longitudinal panel data

(N=6040)

Variable Mean Std. Dev. Min Max.
Height for age z score (HAZ) -1.41  1.65 -5.00 4.92
Stunting (0/1) 0.38 0.48 0 1
Mean nutrient adequacy (MPA) 041 0.24 0.00 0.91
Age of child in months 509 248 6.0 1136
Girl (0/1) 049 0.50 0 1
Diarrhea (0/1) 0.08 0.27 0 1
Mother's years of education:

1-4 years (0/1) 0.16 0.37 0 1
5-8 years (0/1) 0.08 0.27 0 1

> 8 years (0/1) 0.04 0.19 0 1
Improved latrines (0/1) 0.19 0.39 0 1
Improved water source (0/1) 0.60 0.49 0 1
No of days between measurements * 494 352 0 1076
All household members eat same 0.92 0.26 0 1

diet (0/1)

Athis indicates the difference between the number of days between
measurements for each child across survey waves

and meat was between 13%—24% (Fig. 3). The average age
of children was 33 months. Nearly half of the children were
girls, and only about 8% of the children had experienced
diarrhea in the one month preceding the survey. Only 4%
of mother’s had above 8 years of education. The share of
households who had access to improved water source and
improved latrines were 60% and 19%, respectively. A little
over 90% of households reported that all household mem-
bers eat the same diet during the study period. Descriptive
statistics of key variables for the sub-sample corresponding
to children age 659 month are presented as Annex Table 9.

4.2 Econometric results

4.2.1 The average nutrient adequacy (MPA) and child linear
growth outcomes

Table 2 summarizes the results of fixed effects (FE) panel
estimations of variants of Eq. 2.* The Column headers in
Table 2 indicate the dependent variables including the HAZ
score (Columns 1, 2, 5, & 6) and stunting (Columns 3, 4, 7
& 8). For the binary outcome stunting, fixed effects estima-
tions imply linear probability models. Besides the list of
controls reported in the result Tables, Columns 1—4 and
Columns 5—38 control for the enumeration area by survey

* The FE method is preferred because it allows time-invariant unob-
served heterogeneities to be correlated with regressors.
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Fig. 1 Distribution of the Height for age z score (HAZ) across survey waves

fixed effects and child and survey fixed effects, respectively.
Additional control in all specifications include the number
of days between successive height measurements for each
child as described in Table 1.

The results presented in columns 1-8 (with the excep-
tion of column 6) show that lagged MPA, but not contem-
poraneous MPA, was significantly associated with child
linear growth outcomes, regardless of whether child linear
growth was measured in terms of the HAZ score or stunt-
ing. The magnitude of the coefficient estimates to lagged
MPA implies that, on average, a standard deviation increase
in lagged consumption of an MPA was associated with a
0.14 unit increase in the HAZ score (Columns 1&2). This
is roughly a 10 percent increase over the mean HAZ score.
Correspondingly, results suggest that a 10% increase in
lagged MPA was associated with a 1.4 percentage points
reduction in the likelihood of being stunted (Columns 3&4).
Since the overall stunting rate in the sample is 38 percent,
these percentage points translate into a 3.7 percent reduction
in stunting rate. The reduction in the stunting rate associated
with a 10% increase in lagged MPA increased to 4.2-5.2 per-
cent when child and survey fixed effects were used instead
of enumeration area by survey fixed effects (Columns 7 and
8). These are all important findings as coefficient estimates
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remained statistically significant even after controlling for
child specific unobserved heterogeneities beside other con-
trols. Further, the null hypotheses for joint tests for equal-
ity of the estimated coefficients across specifications were
rejected, suggesting that the results were not spurious signif-
icant correlations. > Among controls, the incidence of diar-
rhea and child’s age (including its polynomial roots captur-
ing the non-linear relationships between child growth and
age) were significantly associated with the HAZ score with
the expected signs (see Columns 1-4). We re-run Columns
1- 8 after replacing the household’s access to improved water
sources and improved sanitation facilities by the household’s
socioeconomic status score. Corresponding results presented
in the Annex Table 10 show that the results are robust to
specification changes.

We further checked the robustness of the results by
limiting our analysis to children only aged 6-59 months.
Even though the number of observations reduced by over

5 F(1, 4902)=13.58 with Prob>F=0.0002 (columns 1 & 3);
F( 1, 4900)=13.31 with Prob>F=0.0003 (columns 2 &4); F(1,
1794)=3.53 with Prob>F=0.0604 (columns 5 &7); and F(1,
1798) =3.47 with Prob>F=0.0625 (columns 6 &8).
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Fig. 2 Distribution of the mean nutrient adequacy (MPA) across survey waves

one-third, results suggest that past consumption of an MPA,
but not contemporaneous MPA, was indeed significantly
associated with child linear growth outcomes (Table 3).
Considering the mean HAZ score of -1.47 for this age group
(see Annex Table 9), Columns 1 and 2 suggest that a stand-
ard deviation increase in lagged, but not contemporaneous,
MPA was associated with a 10-11 percent increase over the
mean HAZ score.® These estimates are roughly the same as
those reported above for the full sample. Similarly, Columns
3 and 4 and Columns 7 and 8 of Table 3, suggest that a
10% increase in lagged MPA was associated with a 1.3—
2.3 percentage point reduction in the likelihood of being
stunted. Considering the overall stunting rate of 41 percent
for this age group, this translates roughly into a range of
3.2 — 5.6 percent reduction in stunting rate. This range is
slightly wider than the 3.7 — 5.2 percent reduction in the

% As noted in Table 9, the mean (SD) of the MPA were 0.41 (0.23).
Hence, a unit change in the HAZ score for a SD change in MPA were
a 0.1518 (=0.66%x0.23) and 0.1564 (=0.68x0.23) unit increase.
These suggest that a SD increase in lagged MPA were associated with
roughly a 10% (=0.1518/-1.47) to 11% (=0.1564 /-1.47) increase in
the HAZ score.

stunting rate that we found for the full sample (Table 2).
Overall these estimates for lagged MPA on both the HAZ
score and stunting show the robustness of the results. Also,
the joint hypotheses tests for the equality of the estimated
coefficients across specifications were rejected, suggesting
that the results were not spurious significant correlations.’

4.2.2 Animal sourced foods consumption and child linear
growth outcomes

In this section, we explore the relationships between lagged
consumption of animal sourced foods to current linear growth
outcomes while controlling for other food groups consumption
and relevant covariates. Previous studies found that consump-
tion of animal sourced foods is strongly associated with child’s
linear growth outcomes. As noted above, however, previous
studies, with a few exceptions, relied on cross-sectional or
pooled panel observations that do not allow establishing asso-
ciations between past consumption history to child’s current

7 F(1, 1622)=5.69 with Prob>F=0.0172 (columns 1 & 3); F( 1,
1620)=0.0172 with Prob > F=0.0003 (columns 2 &4).
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Fig.3 The average share of households who consumed food group

linear growth outcomes. This section attempts to add some evi-
dence to the literature using longitudinal data. Table 4 reports
the results of estimating various versions of Eq. 3, using the
full sample. As in Sect. 4.1., the dependent variable takes two
forms: Columns 1, 2, 5, and 6 consider the HAZ score, and
Columns 3,4,7, and 8 employ a dummy variable if the child
was stunted. Columns 1—4 and Columns 5—S8 control for the
enumeration area by survey fixed effects, and child and survey
fixed effects, respectively.

The results presented in Table 4 appear to show a lack of
strong relationships between the number of ASFs consumed in
the past and child’s current linear growth outcomes in any of
the specifications. In contrast, there appears to be some negative
association between the likelihood of the child being stunted
and contemporaneous consumption of one type of ASF (Col-
umns 4),® and with two or more types of ASFs, even though the
association was only significant at p<0.10 (Columns 4 and 8).
Since accessibility of each ASF may not be similar and aggre-
gation may hide some of the variations among ASF types in
the data, we re-run Columns 1- 8 after replacing the number of
ASFs consumed by types of ASFs (Table 5).

8 The null hypothesis for joint test for equality of the estimated coeffi-
cients for 1 ASF was rejected: F( 1, 1413)=4.16 with Prob>F=0.0415
(columns 2 & 4).
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Results presented in Table 5 suggest that there was a
strong negative relationship between lagged eggs consump-
tion and the likelihood of being stunted (Columns 3 and 4).
The results suggest that sustained consumption of eggs in the
past was associated with a 7-8 percentage point reduction
in the likelihood of being stunted. On average, this trans-
lates into a 18-21 percent reduction in the likelihood being
stunted, since the overall stunting rate in the sample is 38
percent. In addition, contemporaneous consumption of meat
and fish was strongly associated with increased HAZ score
(Column 6) and with a reduced likelihood of being stunted
(Column 8). Similarly, results suggest that contemporaneous
consumption of dairy was associated with increased HAZ
score (Column 2), and with a reduced likelihood of being
stunted (Column 4). The joint hypotheses tests for the equal-
ity of the estimated coefficients across specifications (includ-
ing for eggs, dairy, and meat) were rejected, suggesting that
the results were not spurious significant correlations.’

° The test statistics include: F( 1, 4890)=>5.14 with Prob>F=0.0235
(columns 1&3, eggs_lagged); F( 1, 4876)=4.15 with Prob>F=0.0417
(columns 2&4, eggs_lagged); F( 1, 4876)=11.84 with Prob>F=0.0006
(columns 2&4, dairy); and, F( 1, 1774)=8.79 with Prob>F=0.0031
(columns 6&8, meat).
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Table 2 Links between child
outcomes and lagged and
contemporaneous consumption
of the mean nutrient adequacy
(MPA) for children 6-114
months

Table 3 Links between child
outcomes and lagged and
contemporaneous consumption
of the mean nutrient adequacy
(MPA) for children 6-59
months

Enumeration area X survey FEs Child & survey FEs

HAZ score Stunting (0/1) HAZ score Stunting (0/1)
Variables 1) 2) 3) 4) 5) 6) ) ®)
MPA_lagged 0.57%**%  (0.58%** -0.14%* -0.14**  0.39* 040 -0.16%* -0.20%*

0.21) 0.21) (0.06) (0.06) (0.22) (0.25) (0.08) (0.09)
MPA -0.05 -0.05 0.03 -0.08

(0.19) (0.06) (0.22) (0.08)
0.14%E Q. 14%%%  0.03%  0.03%% 004 -0.04 -000 -0.00
004  (0.04) (0.01) (0.01) (007 (0.07) (0.02) (0.02)

Age in months

Age_sq 0.00%%%  0.00%%% -0.00%%* -0.00%** 000 -0.00 0.00  0.00
0.00)  (0.00)  (0.00)  (0.00)  (0.00) (0.00) (0.00) (0.00)
Age_cubic 20.00%%% _0.00%%%  0.00%%  0.00%* 000 000 -000 -0.00

(0.00)  (0.00)  (0.00)  (0.00)  (0.00) (0.00) (0.00) (0.00)
girl (0/1) 0.00 0.00 0.02 0.02
0.06)  (0.06) (0.02)  (0.02)

diarrhea (0/1) 2028+ -028%  0.07 0.07 001 002 008 007
(0.14)  (0.14)  (0.05)  (0.05)  (0.14) (0.14) (0.05) (0.05)
14 years (0/1) 0.01 001  -0.01 -0.01
0.10)  (0.10)  (0.03)  (0.03)
5-8 years (0/1) 0.15 0.15  -004  -0.04

0.14) (0.14) (0.05) (0.05)

0.56%**  (0.57*** _-0.08* -0.07

(0.19) (0.19) (0.05) (0.05)

Improved sanitation (0/1) 0.13 0.13 -0.03 -0.03 0.05 0.05 0.01 0.01
(0.09) (0.09) (0.03) (0.03) (0.11) (0.11) (0.04) (0.04)

Improved water source (0/1) 0.02 0.02 0.00 0.00 0.07 0.07 -0.03 -0.03
(0.09) (0.09) (0.03) (0.03) (0.11) (0.11) (0.04) (0.04)

> 8 years (0/1)

_cons 204%  206% 024  -0.22 239 237 -020 -0.15

(1.12)  (1.12)  ©030)  (0.30)  (1.70) (1.69) (0.45) (0.44)
N 2999 2999 2999 2999 1818 1818 1818 1818
Adjusted R2 0.21 0.21 0.15 0.15 045 045 029 029

Standard errors in parentheses (clustered at EA level). Additional controls include the number of days
between measurements of successive surveys

*p<0.10; **p<0.05; ***p<0.01

Enumeration area X survey FEs Child and Survey FEs

HAZ score Stunting (0/1) HAZ score Stunting (0/1)
Variables @) 2) 3) 4) 5) 6) ) ®)
MPA_lagged 0.66%* 0.68%* -0.23%* -0.23%* 0.08 0.14 -0.14%* -0.14%*

(0.34) (0.33) (0.09) (0.09) (0.25) (0.26) (0.07) (0.07)
MPA -0.08 -0.00 -0.20 0.00

(0.32) (0.10) (0.23) (0.06)

Controls Yes Yes Yes Yes Yes Yes Yes Yes
N 1175 1175 1175 1175 1335 1335 1335 1335
Adjusted R2 0.24 0.24 0.14 0.14 0.02 0.02 0.01 0.01

Standard errors in parentheses (clustered at EA level). Controls are those listed in Table 2
*p<0.10; **p<0.05; ***p<0.01
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Table 4 Links between child
outcomes and the number of
ASF consumed for children
6—114 months

EA X survey FEs

Child & survey FEs

HAZ score Stunting (0/1) HAZ score Stunting (0/1)
Variables 1) 2) 3) (€)) 5) 6) ) 8)
1 ASF_lagged 0.06 0.05 -0.03 -0.02 0.05 0.12 -0.01 -0.04
(0.08) (0.08) (0.02) (0.02) (0.09) (0.12)  (0.03) (0.04)
1 ASF 0.13* -0.05%* 0.08 -0.05
(0.07) (0.02) 0.11) (0.04)
2 or more ASFs_lagged  0.04 0.01 -0.04 -0.03 0.05 0.21 -0.01 -0.06
0.11)  (0.11)  (0.03) (0.03) 0.14)  (0.17)  (0.05)  (0.05)
2 or more ASFs 0.10 -0.07* 0.28 -0.10%*
(0.13) (0.03) 0.17) (0.05)
Other food groups Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes
N 2999 2999 2999 2999 1818 1818 1818 1818
Adjusted R2 0.21 0.21 0.15 0.16 0.45 0.46 0.28 0.28

All food group indicators reported in the table were measured as binary (obtains a value 1 if the food group
was consumed). Standard errors in parentheses (clustered at EA level). Controls are those listed in Table 2

£p<0.10; **p<0.05; #+%p<0.01

As in the preceding section, we conducted additional
analysis by limiting the sample to children only aged 6-59
months. Tables 6 and 7 present the results with similar
specifications corresponding to Table 4 and 5, respectively.
According to Table 6, consumption of two or more ASFs

Table 5 Links between child
outcomes and lagged and
contemporaneous consumption
of ASF for children 6-114
months
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in the past, but not current consumption, was strongly
associated with the likelihood of being stunted (Columns
3 and 4). Considering the average stunting rate of 41 per-
cent for this age group, the results suggest that sustained
consumption of two or more types of ASFs in the past was

EA X survey FEs

Child & survey FEs

HAZ score Stunting (0/1) HAZ score Stunting (0/1)
Variables @) 2) 3) 4 5) 6) (@) ®)
Meat_lagged -0.04 -0.04 0.01 0.01 -0.02 0.14 0.04 -0.03
(0.08) (0.08) (0.02) (0.02) 0.11) (0.14) (0.04) (0.05)
Meat 0.03 -0.02 0.35%: -0. 147
(0.07) (0.02) (0.14) (0.04)
Eggs_lagged 0.15 0.14 -0.08%**  _0.07*** (.10 -0.01 -0.07*  -0.05
(0.10) (0.10) (0.03) (0.03) 0.12)  (0.15) (0.04) (0.05)
Eggs -0.05 0.01 -0.26* 0.07
(0.10) (0.03) (0.14) (0.05)
Dairy_lagged 0.09 0.07 -0.02 -0.01 0.05 0.14 0.01 -0.02
(0.09) (0.09) (0.03) (0.03) 0.11) (0.11) 0.04) (0.04)
Dairy 0.23 %% -0.09%** 0.15 -0.04
(0.09) (0.02) 0.12) (0.04)
Other food groups  Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes
N 2999 2999 2999 2999 1818 1818 1818 1818
Adjusted R2 0.21 0.21 0.15 0.16 0.45 0.46 0.28 0.29

All food group indicators reported in the table were measured as binary (obtains a value 1 if the food group
was consumed). Standard errors in parentheses (clustered at EA level). Controls are those listed in Table 2

< 0.10; #¥p< 0.05; #+¥p<0.01
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Table 6 Links between child
outcomes and the number of
ASF consumed for children
6-59 months

Table 7 Links between child
outcomes and lagged and
contemporaneous consumption
of ASF for children 6-59
months

EA X survey FEs Survey FEs
HAZ score Stunting (0/1) HAZ score Stunting (0/1)
1 ) (3) G} (5) (6) @) ®)
1 ASF_lagged 0.08 0.06 -0.07 -0.06 -0.06 -0.09 -0.00 0.00
0.14) (0.14)  (0.04) (0.04) (0.12)  (0.12)  (0.03) (0.03)
1 ASF 0.12 -0.02 0.15 -0.00
(0.14) (0.05) (0.12) (0.04)

2ormore ASF_lagged 026 024  -0.11** -0.10** 0.0 003 -0.04 -0.03
0.19)  (0.19) (0.05)  (0.05)  (0.18) (0.18) (0.04) (0.04)

2 or more ASF -0.15 0.01 0.27* -0.06
(0.23) (0.06) (0.16) (0.04)

Other food groups

Controls Yes Yes Yes Yes Yes Yes Yes Yes

_cons -2.49 -2.39 1.37 1.42% -1.71 -1.91 1.02% 1.03%*
2.54) (2.71) (0.84) (0.85) (2.46) (2.52) (0.60) (0.61)

N 1175 1175 1175 1175 1335 1335 1335 1335

Adjusted R2 0.24 0.25 0.14 0.15 0.02 0.02 0.01 0.00

All food group indicators reported in the table were measured as binary (obtains a value 1 if the food group
was consumed). Standard errors in parentheses (clustered at EA level). Controls are those listed in Table 2

*p<0.10; **p<0.05; ***p<0.01

EA X survey FEs Survey FEs
HAZ score Stunting (0/1) HAZ score Stunting (0/1)
D ) 3) 4) (5) (6) @) )
Meat lagged 0.03 0.03 -0.07* -0.07* -0.06 -0.09 -0.00 0.00
0.14) (0.14) (0.04) (0.04) (0.13) 0.13) (0.03) (0.03)
Meat -0.12 0.02 0.08 -0.03
(0.14) (0.04) 0.13) (0.03)
Eggs_lagged 0.10 0.09 -0.03 -0.03 0.05 0.06 -0.03 -0.03
(0.16) (0.16) (0.05) (0.05) 0.17) 0.17) (0.04) (0.04)
Eggs 0.07 -0.01 0.00 0.01
(0.16) (0.06) 0.15) (0.04)
Dairy_lagged 0.35%%* 0.34%*%  -0.06 -0.06 0.20 0.15 -0.02 -0.01
(0.15) (0.15) (0.04) (0.04) (0.13) (0.13) (0.03) (0.03)
Dairy 0.13 -0.04 0.26* -0.03
0.17) (0.05) 0.15) (0.04)
Other food groups
Controls Yes Yes Yes Yes Yes Yes Yes Yes
_cons -2.65 -2.53 1.36 1.41% -1.68 -1.82 1.01* 1.03*
(2.51) (2.63) (0.83) (0.84) (2.47) (2.53) (0.60) (0.62)
N 1175 1175 1175 1175 1335 1335 1335 1335
Adjusted R2 0.24 0.25 0.14 0.14 0.02 0.02 0.00 0.00

All food group indicators reported in the table were measured as binary (obtains a value 1 if the food group
was consumed). Standard errors in parentheses (clustered at EA level). Controls are those listed in Table 2

#p<0.10; **p<0.05; **%p<0.01
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Table 8 Contemporaneous
consumption and child linear

Full sample (6-113 months)

Sub-sample (6—59 months)

growth outcomes EA x Survey EA x Survey EA x Survey Survey

HAZ Stunting  HAZ Stunting  HAZ Stunting  HAZ Stunting
)] @) 3 C) (&) © @) ®

Panel a

MPA 0.18 -0.09* 0.05 -0.02 0.31 -0.10 0.08 -0.04
0.16)  (0.05) (0.16)  (0.05) 0.23)  (0.07) (0.16)  (0.04)

Panel b

1 ASF 0.10%  -0.04%* 0.02 -0.01 0.06 -0.02 0.02 0.00
0.06)  (0.02) 0.07)  (0.02) (0.09)  (0.03) (0.08)  (0.02)

2 or more ASFs 0.11 -0.06* 0.11 -0.03 0.02 -0.03 0.23*  -0.05
0.11)  (0.03) (0.10)  (0.03) 0.15)  (0.04) 0.12)  (0.03)

Panel ¢

Meat, fish 0.06 -0.03 0.13*%  -0.06%* 0.04 -0.02 0.04 -0.03
0.07)  (0.02) 0.07)  (0.03) 0.11)  (0.03) 0.09) (0.02)

Eggs 0.02 -0.03 -0.10 0.04 0.08 -0.05 0.06 -0.02
0.09)  (0.03) (0.10)  (0.03) 0.12)  (0.03) (0.10)  (0.03)

Dairy 0.12 -0.05%* 0.09 -0.02 -0.01 0.01 0.17*  -0.01
(0.08)  (0.02) (0.08)  (0.02) (0.11)  (0.03) (0.09) (0.03)

All food group indicators reported in the table were measured as binary (obtains a value 1 if the food group
was consumed). Standard errors in parentheses (clustered at EA level). Controls are those listed in Table 2

£p<0.10; **p<0.05; #+%p<0.01

associated with a 24-27 percent reduction in the likelihood
being stunted, on average. '’

Among ASF types, lagged consumption of dairy appear
to be strongly associated with the HAZ score (Table 7,
Columns 1 and 2). Results suggest that sustained dairy
consumption in the past was associated with about 34
percentage point increase in the HAZ score. This, on
average, translates into about 23 percent increase in the
HAZ score since the mean HAZ score for this age group
was -1.47. Columns 3 and 4 also show negative asso-
ciations between meats consumption in the past and the
likelihood of being stunted, even though it was significant
only at 10% level (Columns 3 and 4). The null hypotheses
for joint tests for equality of the estimated coefficients
across specifications for past consumption of dairy were
rejected, suggesting that the results were not spurious sig-
nificant correlations.'!

19 The null hypotheses for joint tests for equality of the estimated
coefficients for two or more ASFs was rejected: F( 1, 1612)=2.83
with Prob>F=0.0924 (columns 1 & 3), and F(1, 2628)=4.35 with
Prob>F=0.0371 (columns 6&8).

"' The null hypotheses for joint tests for equality of the estimated
coefficients for two or more ASFs was rejected: F( 1, 1612)=2.83
with Prob>F=0.0924 (columns 1 & 3), and F(1, 2628)=4.35 with
Prob>F=0.0371 (columns 6&8).
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4.2.3 Contemporaneous consumption and child linear
growth outcomes

As noted above, much of previous studies reported evidence
of strong associations between child linear growth outcomes
and contemporaneous consumption mainly using one-time
observations. However, as shown in Sects. 4.1 and 4.2 above,
such association disappears (in the case of MPA) or becomes
less strong (in the case of ASFs) when past consumption
status is taken into account. This section re-examines such
association using longitudinal data.

Table 8 presents a summary of results from fixed effects
estimations of the HAZ score and stunting for children aged
6—113 months, and 6-59 months only. Results in each panel
and column in Table 8 come from separate regressions. From
Panel a, there was only one out of 8 specifications that show a
weakly significant association between contemporaneous MPA
and child linear growth outcome (Column 2). From Panel b,
there was a strong association between contemporaneous con-
sumption of 1 ASF and child stunting (Column 2). Columns 2
and 8 also showed some weak association (that is significant
only at p<0.10) between contemporaneous consumption of
two or more ASFs and linear child growth outcomes. From
Panel ¢, consumption of meat and fish (Column 3 and 4) and
consumption of dairy (Columns 2 and 7) appear to be asso-
ciated with child linear growth outcomes, even though two
of these four coefficients were significant only at p <0.10.
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Regression results that take into account location and time
fixed effects appear to show some associations between con-
temporaneous consumption of ASFs and child linear growth
outcomes, especially when older children were included in
the analysis. Nonetheless, results were not as strong as those
reported in previous studies with cross-sectional data.

5 Discussion and conclusions
5.1 Discussion

Less than seven years remain till the globally agreed date to
end all forms of malnutrition, including stunting in children
under 5 years of age, one of the targets of the Sustainable
Development Goals (SDG 2 zero hunger). However, the
prevalence of child stunting in Ethiopia is still high and the
progress to date in the reduction of stunting appears to be
slow according to survey data used in this study and a more
recent survey by MOH (MOH, 2023). Identifying optimal
conditions to end hunger and improve diets within the limits
of planetary boundaries is one of the evidence-based pri-
orities that the Scientific Group to the United Nations Food
Systems Summit suggested (von Braun et al., 2021). This
study examined whether household’s average nutrient acqui-
sition capacity (measured as MPA) predicts linear growth in
children, and whether household’s sustained acquisition of
animal sourced foods is associated with child linear growth
in rural and small towns in Ethiopia. Much of previous stud-
ies on child linear growth determinants used proxy indica-
tors such as dietary diversity scores or simple indicators of
consumed food groups without measuring the quantity and
adequacy of nutrient intakes, and relied mostly on cross-
sectional observations even though the effect of dietary con-
sumption on child linear growth would be observed with
time lag. This study contributes to filling the gap in the lit-
erature using longitudinal data.

Results suggest that household’s lagged MPA, but not
contemporaneous MPA, was strongly associated with current
child growth outcomes, regardless of whether child growth
was measured in terms of the HAZ score or stunting. For
example, for children 6-59 months of age, a standard devia-
tion increase in lagged MPA was associated with a 10-11
percent increase over the mean HAZ score. Similarly, a 10%
increase in lagged MPA was associated with a 3.2 — 5.6 per-
cent reduction in stunting rate. When older children (aged up
to 114 months) were included in the analysis, the correspond-
ing increase in the average HAZ score was 10 percent and the
reduction in stunting rate was 4.2-5.2 percent, respectively.
The results were robust to specifications even after controlling
for child specific unobserved heterogeneities and survey fixed
effects beside other controls. Since the MPA comprises both
macro- and micronutrients, results suggest that both types of

nutrients were important predictors of child growth. However,
the specific contribution of micronutrients in linear growth
outcomes could either be small (Ramakrishnan et al., 2009;
Sanin et al., 2018), or that their role is rather indirect—via
supporting the optimal functioning of immune system and
development potential (Black et al., 2013). Identifying the
independent roles of macro- and micronutrients for linear
growth outcomes is beyond the scope of this study.

Animal source foods are known to be rich in high quality
protein and other growth-stimulating nutrients (Dror & Allen,
2011). Recent observational studies such as Headey et al.
(2018) found strong associations between contemporaneous
ASFs consumption and child linear growth or stunting. None-
theless, findings of some randomized control trials in low-
income countries suggest that the longer-term effect of ASFs
consumption on linear growth is inconclusive (Allen & Dror,
2011; Iannotti et al., 2019). In this context, this study sheds
some light using longitudinal data from rural and small towns
in Ethiopia. For children 6-59 months of age, results suggest
that lagged (sustained) consumption of two or more ASFs
was associated with an average of 24-27 percent reduction
in the likelihood of being stunted. Among ASF types, lagged
consumption of meats was associated with stunting reduc-
tion, and lagged consumption of dairy was associated with
improvement in the HAZ score. When older children (aged
up to 114 months) were included in the analysis, results did
not show strong relationships between the number of ASFs
consumed in the past and the child’s current linear growth out-
comes. However, among ASFs results suggest that sustained
consumption of eggs was associated with a 18-21 percent
reduction in the likelihood of being stunted. Further, there
appears to be some association between child linear growth
outcomes and contemporaneous ASFs consumption.

While findings of this study provide some support to the
importance of ASFs to child’s linear growth in small towns and
rural Ethiopia, results were not as strong as those reported in
previous studies such as Headey et al. (2018) that used cross-
sectional or pooled panel observations from several countries.
However, to put our results in context, first, the surveys used
this study were not designed primarily for nutrition research
and the consumption data was for the household. Hence, our
analysis may not have fully captured intrahousehold food allo-
cations, specifically children’s access to ASFs and the adequacy
of quantity consumed. This is because previous studies suggest
that intra-household food allocation is determined by relative
differences in household members’ income, bargaining power,
food behaviors, social status, tastes and preferences, and inter-
personal relationships (Harris-Fry et al., 2017), among others.
Second, our reference period of consumption was seven days
unlike the twenty-four hours reference used in Headey et al.,
(2018). This may have minimized potential variations in the
consumption data that is needed for identification. Third, due
to data limitation (the fact that the surveys used in this study
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were conducted in about two-year intervals), we were unable to
conduct separate panel data estimations for children aged 623
months (age category that children experience higher growth
faltering (Victoria et al., 2010)) and those older than 23 months.
Fourth, due to attrition and missing observations, the sample
used for analysis was unbalanced panel; hence, results may
suffer from the corresponding bias. However, overall results
did not show major differences (at least qualitatively) across
specifications and when data were disaggregated across age
groups, possibly suggesting that sample attrition may not have
been systematic.

The first reason, however, may not carry too much weight in
explaining the less strong associations between ASFs consump-
tion and child linear growth outcomes observed in this study.
This is because, over 90% households in this study reported that
all household members eat roughly the same diet regardless of
age, a pattern that has changed very little between 2011/12 and
2015/16 as described above. In fact, a study in rural Ethiopia
found that children are favored in intrahousehold food alloca-
tions (Coates et al., 2018). Relatedly, based on the 2015/16
survey wave used in this study, Mekonnen et al. (2020) found
estimates of household nutrient adequacy which were reason-
ably comparable to that of EPHI (2013)—a national food con-
sumption survey that measured individual level consumption.
Nonetheless, to better understand the contribution of ASFs to
child’s linear growth would require better data—designed for
nutrition research—with repeated measurements of length/
height across age groups and the quantities consumed (includ-
ing that of other food groups) over time, besides other socioeco-
nomic determinants which are important especially for nutrition
outcomes of older children (Alderman & Headey, 2018).

On the one hand, results of this study concerning the asso-
ciation of MPA and ASFs with child linear growth outcomes
appear to suggest that the full diet perspective needs greater
attention to improve linear growth outcomes of children in small
towns and rural Ethiopia. On the other hand, the mean probabil-
ity of nutrient adequacy (MPA) among study households was
41% or less, indicating the burden of multiple nutrient deficien-
cies. Since household diets in Ethiopia are monotonous whereby
grains/starchy staples constitute a major part of children’s,
women’s and men’s diet (EPHI, 2013), the enormity of the gap
in the household MPA indicates the need for nutrient-dense
foods especially that of ASFs in the household diets. Address-
ing nutrient gaps using ASFs may involve tradeoffs with sus-
tainability, since ASFs have higher environmental impacts (e.g.
Willet et al., 2019). Potential solutions may include stimulating
farm-livestock systems that is sustainable, e.g. circular systems
where there is no food-feed competition, that avoid losses, that
recycle waste and use animals to unlock biomass that humans
cannot eat (Oosting et al., 2022). Note however that due to the
low level of ASFs consumption in Ethiopia, sustainability issues
around ASFs may not be the prime concern as much as that of
high-income countries where plant-based alternatives are more
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available or affordable year-round (Parlasca & Qaim, 2022).
Further, despite the low level of ASFs consumption in Ethiopia,
recent studies show that ASFs and other nutrient-rich foods in
the country have become increasingly unaffordable especially
to lower-income households (Bachewe et al., 2017; Daba et al.,
2021; Haileselassie et al., 2020).

5.2 Conclusions

Given the study limitations described above, findings of this
study provide suggestive evidence that policies and interven-
tions aimed at improving linear growth outcomes of children
in rural and small towns in Ethiopia should improve house-
hold’s access to ASFs and nutrient acquisition capacity. Since
the association of ASFs consumption and child linear growth
outcomes appears to be heterogenous across age groups, target-
ing households with younger children may be more beneficial.

Appendix

Table 9 Descriptive statistics for the sub-sample by survey and age
group

Longitudinal data Sub-sample, (age
6-59 months) (N=3797)

Variable Mean  Std. Dev. Min Max
HAZ score -1.47 1.78 -5.00 4.92
Stunting (0/1) 0.41 0.49 0 1
MPA 0.41 0.23 3E-06 9E-01
1 ASF (0/1) 0.31 0.46 0 1

2 or more ASF (0/1) 0.14 0.34 0 1
Meat (0/1) 0.26 0.44 0 1
Eggs (0/1) 0.14 0.35 0 1
Dairy (0/1) 0.19 0.39 0 1
Legumes (0/1) 0.36 0.48 0 1
Vegetables (0/1) 0.29 0.45 0 1
Fruits (0/1) 0.20 0.40 0 1
Starchy staples (0/1) 0.59 0.49 0 1
Age in months 3520 14.56 6.05 58.97
Girl (0/1) 0.50 0.50 0 1
Diarrhea (0/1) 0.10 0.30 0 1
Mother's education

1-4 years (0/1) 0.16 0.37 0 1
5-8 years (0/1) 0.09 0.28 0 1

> 8 years (0/1) 0.04 0.20 0 1
Improved laterine (0/1) 0.13 0.34 0 1
Improved water source (0/1) 0.58 0.49 0 1

No of days bn measurements 350 372 0 1052

across waves®

this indicates the difference between the number of days between
measurements for each child across survey waves
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Table 10 Links between child outcomes and lagged and contempo-
raneous consumption of the mean nutrient adequacy (MPA) for chil-
dren 6-59 months. Links between child outcomes and lagged and

contemporaneous consumption of the mean nutrient adequacy (MPA)
for children 6-114 months

Enumeration area X survey FEs

Child & survey FEs

HAZ score Stunting (0/1)
Variables €8 2) 3)
MPA _lagged 0.517%* 0.53%%%* -0.12%%*
(0.20) (0.20) (0.06)
MPA -0.14
0.19)
Age in months -0.14%** -0.14%*%* 0.03%**
(0.04) (0.04) (0.01)
Age_sq 0.00%%*%* 0.00%** -0.00%**
(0.00) (0.00) (0.00)
Age_cubic -0.00%** -0.00%** 0.00%*%*
(0.00) (0.00) (0.00)
diarrhea (0/1) -0.30** -0.29%* 0.07*
(0.14) 0.14) (0.04)
Mother's education
(ref. no educa-
tion)
1-4 years (0/1) -0.01 -0.01 -0.00
(0.09) (0.09) (0.03)
5-8 years (0/1) 0.12 0.12 -0.03
(0.13) (0.13) (0.04)
> 8 years (0/1) 0.49%%* 0.51%%%* -0.05
(0.18) (0.18) (0.05)
Socio-economic
status (ref. poor-
est quintile)
2nd quitile 0.37%#%* 0.37%%* -0.06*
0.11) 0.11) (0.03)
3rd quintile 0.18 0.19 -0.04
0.11) 0.11) (0.04)
4th quintile 0.30%* 0.31%* -0.07*
0.12) (0.12) (0.04)
5th quintile 0.38%3%* 0.40%%#* -0.11%*
(0.13) (0.14) (0.04)
_cons 2.08* 2.13%** -0.25
(1.07) (1.06) (0.29)
N 3000 3000 3000
r2_a 0.21 0.21 0.16

HAZ score Stunting (0/1)
@) ) (6) @) 3
-0.12%* 0.39% 0.40 -0.16%* -0.19%:*
(0.06) 0.22) (0.25) (0.08) (0.09)
-0.02 0.03 -0.06
(0.06) 0.21) (0.07)
0.03%*3%:* -0.04 -0.04 -0.00 -0.00
(0.01) (0.07) (0.07) (0.02) (0.02)
-0.00%** -0.00 -0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00)
0.00%3#:* 0.00 0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00)
0.07* 0.00 0.01 0.08 0.08
(0.04) (0.16) (0.16) (0.06) (0.06)
-0.00 0.07 0.07 -0.01 -0.01
(0.03) (0.13) (0.13) (0.05) (0.05)
-0.03 0.37 0.37 -0.07 -0.07
(0.04) 0.23) 0.23) (0.10) (0.10)
-0.05 0.29 0.29 -0.26% -0.25%
(0.05) 0.51) 0.51) (0.13) (0.14)
-0.06* 0.11 0.11 0.00 -0.00
(0.03) 0.12) (0.12) (0.05) (0.05)
-0.04 0.02 0.02 0.01 0.01
(0.04) (0.15) (0.14) (0.05) (0.05)
-0.07* 0.18 0.18 -0.03 -0.03
(0.04) (0.15) (0.15) (0.05) (0.05)
-0.10%* 0.16 0.16 0.01 0.01
(0.04) (0.19) (0.19) (0.06) (0.06)
-0.24 241 2.39 -0.22 -0.18
(0.29) (1.59) (1.58) (0.44) (0.44)
3000 1820 1820 1820 1820
0.16 0.46 0.45 0.29 0.29

Standard errors in parentheses (clustered at the household level). Additional controls include the number of days between measurements of suc-

cessive surveys

#p<0.10; #p<0.05; **¥p<0.01
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