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Abstract

Infants and young children need diets high in nutrient density and diversity to meet

the requirements of rapid growth and development. Our aim was to evaluate

sociodemographic, agricultural diversity, and women's empowerment factors associ-

ated with child dietary diversity and length‐for‐age z‐score (LAZ) in children 6–

23 months using data collected as part of the Sustainable Undernutrition Reduction

in Ethiopia (SURE) evaluation study baseline survey in May–June 2016. We here

present a novel analysis using directed acyclic graphs (DAGs) to represent our

assumptions about the causal influences between the factors of interest and the out-

comes. The causal diagrams enabled the identification of variables to be included in

multivariable analysis to estimate the total effects of factors of interest using ordinal

logistic/linear regression models. We found that child dietary diversity was positively

associated with LAZ with children consuming 4 or more food groups having on aver-

age an LAZ score 0.42 (95% CI [0.08, 0.77]) higher than those consuming no comple-

mentary foods. Household production of fruits and vegetables was associated with

both increased child dietary diversity (adjusted OR 1.16; 95% CI [1.09, 1.24]) and

LAZ (adjusted mean difference 0.05; 95% CI [0.005, 0.10]). Other factors positively

associated with child dietary diversity included age in months, socio‐economic status,

maternal education, women's empowerment and dietary diversity, paternal childcare

support, household food security, fruit and vegetable cultivation, and land ownership.

LAZ was positively associated with age, socio‐economic status, maternal education,

fruit and vegetable production, and land ownership.
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Key messages

• Young children in Ethiopia are slow to begin consuming a

range of diverse complementary foods.

• Child dietary diversity is positively associated with linear

growth; and household production of fruits and

vegetables is positively associated with child dietary

diversity and length‐for‐age z‐score.

• Gender‐sensitive interventions to increase maternal

education, women's empowerment, and paternal

support for childcare may support improved diversity of

child feeding.
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1 | INTRODUCTION

Infants and young children require diets high in nutrient density and

variety to meet the requirements of rapid growth and development

(Black et al., 2013). Growth failure is most pronounced between

ages 6 to 23 months of age (Shrimpton et al., 2001) and stunting—

or low length‐for‐age z‐score (LAZ)—is associated with poorer cogni-

tive development, weakened immune systems, and increased risk of

chronic disease later in life (Dewey & Begum, 2011). Globally, only

29% of children 6–23 months consume the minimum dietary diver-

sity (defined by WHO as ≥4 of 7 food groups; UNICEF, 2016)

and an estimated 23% of children under 5 are stunted (UNICEF,

2017).

Dietary diversity is associated with stunting in multiple low‐

income settings characterised by high prevalence of undernutrition

(Arimond & Ruel, 2004). In Ethiopia, children's diets are among the

least diverse in the world (12.5% of children 6–23 months consume

the minimum dietary diversity; UNICEF, 2018) and 37% of children

under 5 are stunted (Central Statistical Agency, 2016). The Federal

Government of Ethiopia has committed to improving the nutritional

status of children, developing the third National Nutrition Pro-

gramme (2016–2020) to drive policy actions across multiple key sec-

tors including health, agriculture, education, and business (Federal

Democratic Republic of Ethiopia, 2016). Infant and young child feed-

ing (IYCF) practices are highlighted and the plan calls for the cross‐

sectoral delivery of nutrition‐sensitive interventions to improve child

dietary diversity and, consequently, reduce stunting.

In support of these objectives, the government designed the Sus-

tainable Undernutrition Reduction in Ethiopia (SURE) programme, a

multisectoral intervention that aims to integrate the work of the

health and agriculture sectors to improve child feeding and reduce

stunting. Household counselling and participatory community events

are delivered by health and agriculture extension workers to improve

IYCF and nutrition‐sensitive agriculture practices; and multisectoral

governance structures are supported at district and kebele (subdis-

trict) levels. Since June 2017, SURE has been implemented in 50 dis-

tricts in the four agrarian regions of Ethiopia (Amhara, Oromia,

Tigray, and SNNP) and reaches approximately 800,000 children aged

6 to 23 months.

Risk factors for low LAZ or stunting have been studied in set-

tings around the world including Ethiopia (Danaei et al., 2016), but

context‐specific risk factors for dietary diversity are less understood

as is the contribution of dietary diversity to linear growth. In partic-

ular, agricultural diversity and women's empowerment—factors cen-

tral to the SURE programme evaluation—and their respective

relationships to child diets and growth have been less researched

and thus comprise a particular focus of this research. Using data

from the baseline survey, this study uses novel methods—construc-

tion of directed acyclic graphs (DAGs) to diagram causal relation-

ships—to evaluate the association between child dietary diversity

and LAZ in agrarian regions of Ethiopia and to identify risk factors

for each of the two nutrition‐orientated outcomes.
2 | METHODS

2.1 | Study design

Evaluation of the SURE intervention uses a quasi‐experimental study

design to determine the impact on child minimum acceptable diet

(MAD) and stunting. This study analyses data from the SURE baseline

survey completed in May–July 2016 and comprising 1,848 children

6–23 months of age in 36 intervention districts (Oromia: n = 18;

Amhara: n = 8; Tigray: n = 4; and SNNP: n = 6) and 36 comparison dis-

tricts selected by region in equal proportion. Complete details are

available in the SURE evaluation study protocol (Moss et al., 2018).

2.2 | Sampling

At baseline 4,980 children 0–47 months (761 children 0–5 months;

1,848 children 6–23 months; 2,371 children 24–47 months) were

selected from 4,299 households. Sample size calculations were based

on detecting a change at endline in LAZ/height‐for‐age z‐score (HAZ)

score and MAD attributable to the intervention. Detectable differ-

ences of 0.15 HAZ and of 4% MAD were calculated for intracluster

correlation coefficients of 0.03 with 80% power with a significance

level of 5%; and differences of 0.21 HAZ and 6% MAD were calcu-

lated for intracluster correlation coefficients of 0.08 with 80% power

with a significance level of 5%.

Kebeles were selected at study outset using probability propor-

tional to size sampling from lists and population data provided

by district officials. Gotes (sub‐kebeles) were selected by simple ran-

dom sampling (paper in hat) during data collection. A complete listing

of all households with children under 47 months in the gote was con-

ducted, and 15 were selected using systematic random sampling.

Resident children 0–47 months within a selected household were

listed in the following age groups: 0–5 months, 6–23 months, and

24–47 months. Where only one child for any or all age categories

was present, all eligible children were selected (up to three children).

Where multiple children from a single age category were present,

one child was randomly selected per age group by the computer‐
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assisted personal interview programme. This study uses data from

children sampled who were between 6 and 23 months of age only

as this is the age group for which WHO complementary feeding indi-

cators apply and for whom dietary data were collected.

2.3 | Questionnaire and anthropometry

The household questionnaire (see Data S1) comprised modules on

child feeding and care practices, child anthropometry and

haemoglobin, household characteristics including food security,

mother's dietary diversity, agricultural practices including diversity of

food production, and women's empowerment. Child anthropometric

measurements comprising length were taken using a portable measur-

ing board (UNICEF Supply Division, Copenhagen, 2016). Data collec-

tors were trained in anthropometric measurement for 5 days and

completed a standardisation exercise prior to survey deployment. Sur-

vey training on the questionnaire, operating procedures, and piloting

was completed in 12 days for a total of 17 days of training.

2.4 | Data management

2.4.1 | Length‐for‐age

Child LAZs were generated using the WHO growth standards (WHO

Multicentre Growth Reference Study Group & de Onis, 2006). Scores

of <−6 or >6 LAZ were excluded for biological implausibility as per

WHO guidelines (World Health Organisation, 2006).

2.4.2 | Dietary data and food insecurity

Dietary diversity was first generated for children as a score ranging

from 0 to 7 food groups as defined by WHO indicators for IYCF

(WHO et al., 2010). We then combined 4–7 food groups consumed

into a single category to create a five‐category child dietary diversity

outcome variable: 0, 1, 2, 3, and 4–7 food groups consumed. Women's

minimum dietary diversity was generated as a scale variable ranging

from 0 to 10 food groups as defined by FAO/FANTA (Food and Agri-

culture Organisation & USAID's Food and Nutrition Technical Assis-

tance III Project (FANTA), 2016). A scale variable from 0 to 27 based

on the Household Food Insecurity Access Score was also used

(Coates, Swindale, & Bilinsky, 2007). All dietary data were cleaned

by comparing 24‐hr recall foods first entered in computer‐assisted

personal interview questionnaire as free text with final food group

assignments made by data collectors.

2.4.3 | Sociodemographic variables

A household wealth index was created using principle components

analysis applied to proxy indicators of household socio‐economic sta-

tus, namely, ownership of consumer goods, electricity, livestock (non‐

food producing), source of water, type of toilet, and type of materials

used for floor, roof, and walls. We created tertiles and checked internal

validity by assessing ownership of consumer goods and housing charac-

teristics by socio‐economic status tertile. Maternal education, land
ownership, and ownership of livestock producing animal sources foods

such as cows or sheep were excluded from the index due to known

effects on nutrition outcomes thatwewished to explore independently.
2.4.4 | Agricultural production

Variables for household food production were constructed from crops

grown, animals reared, and resulting food types produced by the

household within the past major and minor growing seasons (1‐year

reference period). We constructed a variable for fruit and vegetable

production as the sum of all distinct types of fruit and vegetable crops

grown in the past year. The score ranged from 0 (i.e., no fruit and veg-

etable crops grown) to a maximum of 21 as reported by the house-

hold. A variable for animal source food production was constructed

as the sum of all such food types produced on a scale of 0–10 includ-

ing eggs, meats, milks and other dairy, and fish.
2.5 | Statistical analyses

Descriptive statistics were generated for child, mother, and household

risk factors and outcomes. Continuous variables were summarised

using means and standard deviations or medians and interquartile

ranges (IQRs) for nonnormally distributed variables. Categorical vari-

ables were summarised using numbers and percentages.

We hypothesised pathways of impact between risk factors and

dietary diversity and linear growth in children. To represent these

pathways, a DAG was developed using DAGitty software (Textor,

van der Zander, Gilthorpe, Liśkiewicz, & Ellison, 2016; see Figure 1).

DAGs represent a set of assumptions about the causal relationships

between variables that are made by researchers based on evidence

and logical reasoning and provide a basis on which to reduce bias in

statistical modelling (Sauer & Vanderweele, 2013; Shrier & Platt,

2008). Recent evidence on agricultural production and women's

empowerment factors supported construction of our diagram (Cun-

ningham, Ruel, Ferguson, & Uauy, 2015; Hirvonen & Hoddinott,

2016; Ruel & Alderman, 2013). Occurrence of fever and diarrhoea in

the past 2 weeks were hypothesised to influence child feeding prac-

tices but not growth due to the limited reference period.

Based on ancestor variables for each individual association, we

used the DAGitty software to identify the unique set of covariates

to be included in a multivariate model of that association. Unlike step-

wise regression, covariates were not forced into a single multivariate

model thus avoiding the table 2 fallacy (i.e., presentation of multiple

adjusted effect estimates from a single model in a single table, often

misunderstood to represent effects of the same direct causal type

and therefore misinterpreted; Westreich & Greenland, 2013). We also

decided a priori to add age and sex into all multivariate models, and

age squared into multivariate model for LAZ. Associations between

factors and child dietary diversity were investigated using univariate

and multivariate ordinal logistic regression modelling. Associations

between factors and LAZ were investigated using univariate and mul-

tivariate linear regression modelling. Robust standard errors were used



FIGURE 1 Directed acyclic graph (DAG) mapping causal relationships. DAGitty web‐based software was used to develop the diagram and to
determine the minimal adjustment variable set to estimate total effect when regressing each explanatory risk factor on the outcome of interest
—in this study, dietary diversity or length‐for‐age z‐score (Textor et al., 2016)
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to account for clustering at the kebele level. All analyses were con-

ducted using Stata/IC (version 15).

2.6 | Ethics

The baseline protocol was approved by the Scientific and Ethical

Review Committee at EPHI (Ref number: SERO‐54‐3‐2016) and by

the LSHTM ethics committee (Ref number: 10937) prior to data col-

lection. By approval of both institutional review boards, informed writ-

ten consent was given by caregivers of young children and witnessed

by the local health extension worker.
3 | RESULTS

A total of 1,848 children 6–23 months and their respective caregivers

participated in the study. Of children 6–23 months of age, 6.0% con-

sumed no complementary foods (breastfed only), 16.6% ate 1 food

group, 31.1% ate 2 groups, 26.9% ate 3 groups, and 19.5% ate ≥4

groups. The number of food groups consumed increased with child

age; the mean (SD) age of those children consuming no complemen-

tary foods was 11.1 (4.5) months and 15.7 (4.7) months among those

consuming ≥4 food groups. Boys had lower LAZ (−1.23; SD 1.6) com-

pared with girls (−1.05; SD 1.5), as did those of lower socio‐economic

status (−1.29; SD 1.6) compared with those of higher status (−0.99; SD

1.5). Median maternal education was 3 years [IQR: 0, 7] for those chil-

dren who consumed ≥4 food groups in comparison with 0 year of

education [IQR: 0, 2] among those who consumed 0 food groups. Chil-

dren with fathers who supported childcare daily or weekly consumed

a higher number of food groups to those with less frequent paternal
support. Complete socio‐economic and demographic characteristics

of the participants are described in Table 1.

3.1 | Dietary diversity

In adjusted models, children from the highest socio‐economic

group had increased odds (adjusted OR 1.50; 95% CI [1.16, 1.93];

P = .004) of high dietary diversity compared with those in the

lowest group (seeTable 2). Other demographic factors positively asso-

ciated with child dietary diversity included increase in age in months

and land ownership. Cultivation of each additional type of fruit or veg-

etable within the household was associated with 16% higher odds of

achieving high dietary diversity (adjusted OR 1.16 [1.09, 1.25],

P < .001) and 6% higher odds for production of each animal source

food (adjusted OR 1.06 [1.00, 1.13]; P = .06). Positive associations

were also identified between dietary diversity and gender‐related var-

iables including years of maternal education, women's empowerment

(major decision‐making power), and paternal childcare support.

3.2 | Length‐for‐age

Child dietary diversity was positively associated with LAZ: children

who consumed the highest number of food groups (between 4 and

7) had 0.42 higher mean LAZ (95% CI [0.08, 0.77]; P = .006) compared

with those children who consumed no complementary foods (see

Table 3). Girls had better growth compared with boys and other

demographic predictors of LAZ included age, socio‐economic status,

and land ownership. Household cultivation of fruit and vegetables

was positively associated with LAZ (adjusted coefficient 0.05 [0.01,



TABLE 1 Baseline socio‐economic and demographic characteristics of children 6–23 months (n = 1,848)

Child dietary diversity, food groups

LAZ

(n = 1,775)

Explanatory variable 0 1 2 3 4–7
Mean (SD)n (%) n = 106 (6.0) n = 296 (16.6) n = 555 (31.1) n = 479 (26.9) n = 347 (19.5)

Children dietary diversity score, food groups (n = 1,783)

0 −1.11 (1.5)

1 −1.18 (1.6)

2 −1.07 (1.6)

3 −1.23 (1.5)

4–7 −1.11 (1.5)

Age in months (mean, SD;

n = 1,848)

11.1 (4.5) 12.4 (4.7) 14.5 (4.9) 15.5 (4.8) 15.6 (4.7) −1.14 (1.5)

Sex (n = 1,847)

Male 47 (44.3) 153 (51.7) 276 (49.7) 251 (52.4) 175 (50.4) −1.23 (1.6)

Female 59 (55.7) 143 (48.3) 279 (50.3) 228 (47.6) 171 (49.3) −1.05 (1.5)

SES (n = 1,848)

Poorest 42 (39.6) 123 (41.6) 194 (35.0) 139 (29.0) 92 (26.5) −1.29 (1.6)

Middle 36 (34.0) 96 (32.4) 197 (35.5) 176 (36.7) 91 (26.2) −1.14 (1.5)

Richest 28 (26.4) 77 (26.0) 164 (29.6) 164 (34.2) 164 (47.3) −0.99 (1.5)

Maternal education, years

(median, IQR) (n = 1,848)

0 [0, 2] 0 [0, 4] 0 [0, 5] 0 [0, 4] 3 [0, 7] −1.14 (1.5)

Decision making on major household purchases (n = 1,848)

Father or others only 40 (37.7) 103 (34.8) 170 (30.6) 132 (27.6) 106 (30.6) −1.27 (1.5)

Jointly or mother only 66 (62.3) 193 (65.2) 385 (69.4) 347 (69.4) 241 (69.5) −1.08 (1.5)

Paternal childcare support (n = 1,752)

Never 10 (9.8) 26 (9.4) 56 (10.6) 38 (8.3) 12 (3.7) −1.16 (1.7)

Rarely 35 (34.3) 94 (33.9) 189 (35.6) 156 (34.2) 105 (32.2) −1.17 (1.6)

Weekly or everyday 57 (55.9) 157 (56.7) 286 (53.9) 262 (57.5) 209 (64.1) −1.12 (1.5)

Paternal domestic chores (n = 1,752)

Never 43 (42.2) 109 (39.4) 227 (42.8) 190 (41.7) 123 (37.7) −1.21 (1.6)

Rarely 25 (24.5) 82 (29.6) 133 (25.1) 107 (23.5) 89 (27.3) −1.11 (1.5)

Weekly or everyday 34 (33.3) 86 (31.1) 171 (32.2) 159 (34.9) 114 (35.0) −1.09 (1.5)

Food insecurity score

(median, IQR) (n = 1,848)

0 [0, 7] 1 [0, 7] 0 [0, 6] 0 [0, 5] 0 [0, 3] −1.14 (1.5)

Women's DD score

(median, IQR) (n = 1,848)

3 [2, 4] 3 [2, 4] 3 [3, 4] 3 [3, 4] 4 [3, 4] −1.14 (1.5)

Animal source food types

produced, household

(median, IQR) (n = 1,848)

1 [0, 3] 1 [0, 2] 1 [0, 2] 1 [0, 3] 1 [0, 3] −1.14 (1.5)

Fruit and vegetable types

produced, household

(median, IQR) (n = 1,848)

1 [0, 2] 0 [0, 2] 1 [0, 2] 1 [0, 2] 1 [0, 2] −1.14 (1.5)

Hectares (median, IQR)

(n = 1,729)

0.5 [0, 1] 0.5 [0.25, 1] 0.5 [0.25, 1] 0.5 [0.25, 1] 0.5 [0.25, 1.5] −1.14 (1.5)

Irrigation (n = 1,847)

No 85 (80.2) 263 (88.9) 489 (88.1) 417 (87.2) 292 (84.2) −1.14 (1.5)

Yes 21 (19.8) 33 (11.2) 66 (11.9) 61 (12.8) 55 (15.9) −1.13 (1.6)

Fertiliser (n = 1,848)

(Continues)
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TABLE 1 (Continued)

Child dietary diversity, food groups
LAZ
(n = 1,775)

Explanatory variable 0 1 2 3 4–7
Mean (SD)n (%) n = 106 (6.0) n = 296 (16.6) n = 555 (31.1) n = 479 (26.9) n = 347 (19.5)

No 19 (17.9) 40 (13.5) 75 (13.5) 60 (12.5) 44 (12.7) −1.09 (1.5)

Yes 87 (82.1) 256 (86.5) 480 (86.5) 419 (87.5) 303 (87.3) −1.15 (1.5)

Diarrhoea, past 2 weeks (n = 1,783)

No/do not know 68 (64.2) 192 (64.9) 422 (76.0) 339 (70.8) 246 (70.9) −1.15 (1.5)

Yes 38 (35.9) 104 (35.1) 133 (24.0) 140 (29.2) 101 (29.1) −1.11 (1.6)

Fever, past 2 weeks (n = 1,783)

No/do not know 73 (68.9) 207 (69.9) 405 (73.0) 344 (71.8) 247 (71.2) −1.12 (1.5)

Yes 33 (31.1) 89 (30.1) 150 (27.0) 135 (28.2) 100 (28.8) −1.18 (1.5)
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0.10], P = .03). Weak evidence suggests that animal source foods may

be negatively associated with growth. Maternal education was linked

to higher LAZ, but no evidence of association was identified between

LAZ and women's empowerment or father's support for childcare.

4 | DISCUSSION

In this study, we used novel methods—construction of DAGs to dia-

gram causal relationships—to more precisely identify and estimate fac-

tors associated with child dietary diversity and LAZ among children 6–

23 months old in rural agrarian regions of Ethiopia. Child dietary diver-

sity was itself associated with increased LAZ. Socio‐economic status,

maternal education, land ownership, and cultivation of fruits and veg-

etables were also positively associated with LAZ, whereas weak evi-

dence suggested that animal source food production at household

level may be a risk factor for decreased LAZ. Factors positively associ-

ated with child dietary diversity included age, socio‐economic status,

land ownership, maternal education, women's empowerment, partner

support for childcare, food security, household fruit and vegetable

production, and women's dietary diversity.

The association between dietary diversity and linear growth in

rural agrarian settings is well‐established (Amugsi, Dimbuene,

Kimani‐Murage, Mberu, & Ezeh, 2017; Borkotoky, Unisa, & Gupta,

2018; Busert et al., 2016) and consumption of at least four of seven

food groups (WHO/UNICEF) is an indicator of micronutrient ade-

quacy (WHO et al., 2010). In this study, we found that growth was

improved among children consuming two food groups or more com-

pared with 0–1 food groups. The benefits from improved dietary

diversity even at the very low levels may be partly explained by wide-

spread challenges in Ethiopia with delayed initiation of complementary

feeding, as observed in this study and in national statistics (51% of

children 6–8 months do not yet consume complementary foods; Cen-

tral Statistical Agency, 2016), and by high prevalence of religious

fasting that prohibits adherents from eating animal source foods for

more than 200 days per year (Desalegn, Lambert, Riedel, Negese, &

Biesalski, 2018). Diversity of the diet also increased with child age in
months, indicating that children of complementary feeding age were

slow to begin consuming a wider range of food groups.

Access to a variety of foods is a prerequisite to good child dietary

diversity. Our findings also confirm evidence from multiple studies

showing that quality of children's diets worsens as food insecurity

becomes more severe (Rodriguez, Mundo‐Rosas, Mendez‐Gomez‐

Humaran, Perez‐Escamilla, & Shamah‐Levy, 2017). In the Ethiopian

context, in which meals are largely shared, maternal dietary diversity

may also partly serve as a proxy indicator of household access to

diverse foods. A study conducted in Ghana showed that as the num-

ber of food groups consumed by mother increased, so too did the

number consumed by their children (Amugsi, Mittelmark, & Oduro,

2015). Low socio‐economic status has been identified as a risk factor

for low child dietary diversity in a wide range of contexts (Karwa,

Godhia, & Jadhav, 2016; Rakotonirainy et al., 2018) and associations

with stunted growth are well‐established (Adekanmbi, Kayode, &

Uthman, 2013; Devakumar et al., 2018; Leroy, Habicht, Gonzalez de

Cossio, & Ruel, 2014; Poda, Hsu, & Chao, 2017). Similarly, land owner-

ship was also an important protective factor for child feeding practices

in this study and others (Devakumar et al., 2018; Hailemariam, Girmay,

& Girmay, 2018), perhaps due to the central role of agriculture in

ensuring food security via food provision and/or income.

Agriculture‐related characteristics and practices may increase

access to and use of nutrient‐rich food. We found strong evidence

of an association between the cultivation of fruits and vegetables

within the household and increases in both child dietary diversity

and LAZ. Consumption of fruits and vegetables improves micronutri-

ent status and immune function and may support child growth

(Aguayo, Nair, Badgaiyan, & Krishna, 2016). A previous study in Ethio-

pia also reported that higher vegetable and fruit dietary consumption

is associated with increased LAZ and reduced risk of stunting (Melaku

et al., 2018), consistent with findings from Nepal and northern Ghana

(Mulmi et al., 2017; Saaka, Osman, & Hoeschle‐Zeledon, 2017).

By contrast, we found weak suggestion of an inverse association

between LAZ and animal source food production at household level.

Poor environmental hygiene related to livestock husbandry has been



TABLE 2 Protective and risk factors for dietary diversity among children 6–23 months (n = 1,848)

Variable (n, multivariate models) Unadjusted (OR) CIs P value Adjusted (OR) CIs P value

Age (months) (n = 1,783) 1.11 [1.09, 1.13] <.001 1.11a [1.09, 1.13] <.001

Sex (n = 1,782)

Male 1 .07 1b .05

Female 0.96 [0.81, 1.14] 0.94 [0.79, 1.12]

Socio‐economic status (SES) (n = 1,667)

Poorest 1 <.001 1c .004

Middle 1.21 [0.98, 1.50] 1.07 [0.85, 1.35]

Richest 1.86 [1.49, 2.33] 1.50 [1.16, 1.93]

Maternal education (years) (n = 1,782) 1.07 [1.04, 1.09] <.001 1.07d [1.05, 1.10] <.001

Women's decision‐making power—Major household expenses (n = 1,667)

Husband/other 1 .05 1e .02

Jointly/self 1.22 [1.00, 1.48] 1.27 [1.03, 1.55]

Paternal childcare support (n = 1,691)

Never 1 .02 1d .02

Rarely 1.52 [1.08, 2.13] 1.52 [1.08, 2.14]

Weekly/every day 1.61 [1.16, 2.22] 1.62 [1.17, 2.24]

Paternal domestic chores (n = 1,691)

Never 1 .59 1d .64

Rarely 1.02 [0.82, 1.29] 1.03 [0.82, 1.30]

Weekly/every day 1.11 [0.90, 1.38] 1.11 [0.89, 1.37]

Food insecurity score (HFIAS) (n = 1,667) 0.96 [0.94, 0.98] <.001 0.98f (0.96, 1.00) .04

Minimum women's dietary diversity (MDD‐W) (n = 1,782) 1.68 [1.53, 1.85] <.001 1.63g [1.48, 1.80] <.001

Animal source food types produced, household (n = 1,667) 1.12 [1.05, 1.18] <.001 1.06h (1.00, 1.13) .06

Fruit and vegetable types produced, household (n = 1,667) 1.16 [1.09, 1.23] <.001 1.16i [1.09, 1.24] <.001

Land owned, hectares (n = 1,668) 1.11 [1.01, 1.21] <.02 1.11d [1.02, 1.21] .02

Irrigation (n = 1,781)

No 1 .44 1d .50

Yes 1.12 [0.84, 1.48] 1.10 [0.83, 1.46]

Fertiliser (n = 1,782)

No 1 .22 1d .17

Yes 1.18 [0.90, 1.55] 1.21 [0.92, 1.59]

Diarrhoea, past 2 weeks (n = 1,782)

No 1 .32 .33

Yes 0.91 [0.75, 1.10] 0.91d [0.75, 1.10]

Fever, past 2 weeks (n = 1,782)

No 1 .79 .68

Yes 0.97 [0.80, 1.18] 0.96d [0.79, 1.17]

Variables adjusted for in multivariate ordinal logistic regression modelling:
aSex.
bAge.
cAge, sex, maternal education, land ownership, women's empowerment, irrigation, fertiliser, fruit and vegetables produced (FV), and animal source foods

produced (ASF).
dAge and sex.
eAge, sex, SES, maternal education, land ownership, food security, irrigation, fertiliser, FV, and ASF.
fAge, sex, SES, maternal education, land ownership, women's empowerment, irrigation, fertiliser, FV, and ASF.
gAge, sex, women's empowerment, food security, FV, and ASF.
hAge, sex, SES, maternal education, land ownership, women's empowerment, irrigation, fertiliser, and FV (n = 1,667).
iAge, sex, SES, maternal education, land ownership, women's empowerment, irrigation, fertiliser, and ASF.
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TABLE 3 Protective and risk factors for length‐for‐age z‐score among children 6–23 months (n = 1,848)

Variable (n, multivariate models)

Unadjusted

coefficient CIs P value

Adjusted

coefficient CIs P value

Child dietary diversity (food groups) (n = 1,579)

0 1 .64 1a .006

1 −0.11 [−0.45, 0.23] 0.08 [−0.26, 0.41]

2 −0.02 [−0.33, 0.30] 0.42 [0.10, 0.75]

3 −0.15 [−0.47, 0.17] 0.35 [0.02, 0.68]

4–7 −0.05 [−0.38, 0.28] 0.42 [0.08, 0.77]

Age (in months) (n = 1,775) −0.25 [−0.34, −0.17] <.001 −0.25b [−0.34, −0.16] <.001

Age squared (n = 1,775) 0.01 [0.003, 0.01] <.001 0.005b [0.002, 0.01] <.001

Sex (n = 1,775)

Male 1 .01 1c .005

Female 0.18 [0.04, 0.32] 0.19 [0.06, 0.32]

SES (n = 1,663)

Poorest 1 .005 1d .009

Middle 0.15 [−0.27, 0.32] 0.11 [−0.06, 0.29]

Richest 0.30 [0.12, 0.48] 0.30 [0.10, 0.49]

Maternal education, years (n = 1,775) 0.03 [0.01, 0.05] .01 0.02e [0.004, 0.04] .02

Women's decision‐making power—Major household expenses (n = 1,783)

Husband/other 1 .03 1 .13

Jointly/self 0.17 [0.01, 0.32] 0.11f [−0.03, 0.26]

Paternal domestic chores (n = 1,684)

Never 1 .49 1e .47

Rarely 0.08 [−0.10, 0.26] 0.08 [−0.09, 0.26]

Weekly/every day 0.10 [−0.07, 0.27] 0.09 [−0.07, 0.26]

Food insecurity score (HFIAS) (n = 1,663) −0.02 [−0.03, −0.002] .03 −0.01g [−0.02, 0.01] .38

Minimum dietary diversity‐women (MDD‐W) (n = 1,775) 0.04 [−0.03, 0.11] .25 0.01h [−0.06, 0.08] .79

Animal source food types produced (n = 1,663) −0.02 [−0.06, 0.03) .50 −0.04i [−0.09, 0.004] .08

Fruit and vegetable types produced (n = 1,775) 0.06 [0.01, 0.11] .01 0.05j [0.005, 0.10] .03

Land owned, hectares (n = 1,664) 0.07 [0.007, 0.14] .03 0.08e [0.02, 0.15] .01

Variables adjusted for in multivariate linear regression modelling:
aAge, age squared, sex, SES, maternal education, women's empowerment, paternal childcare support, food security, land ownership, irrigation, fertiliser, fruit

and vegetables produced (FV), and animal source foods produced (ASF).
bSex.
cAge and age squared.
dAge, age squared, maternal education, land ownership, irrigation, fertiliser, FV, and ASF.
eAge, age squared, and sex.
fAge, age squared, sex, and maternal education.
gAge, age squared, sex, SES, maternal education, land ownership, irrigation, fertiliser, FV, and ASF (n = 1,663).
hAge, age squared, sex, women's empowerment, food security, FV, and ASF.
iAge, age squared, sex, SES, maternal education, land ownership, women's empowerment, irrigation, fertiliser, and FV.
jAge, age squared, sex, SES, maternal education, land ownership, women's empowerment, irrigation, fertiliser, and ASF.
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documented in Ethiopia and in other developing contexts (Mosites

et al., 2015). Keeping poultry in the household dwelling overnight, a

common local practice, has been found to be associated with

decreased child growth (Headey & Hirvonen, 2016). Despite some evi-

dence from our study that production of animal source foods
increases child dietary diversity, interventions that promote livestock

rearing may need to include strong animal hygiene education and child

feeding counselling to ensure that—in the Ethiopian social context—

animal source foods are given with sufficient consistency and quantity

to support child growth.
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We investigated a range of gender‐related risk factors. Maternal

education is a well‐established predictor of child feeding practices

and nutritional status (Boyle et al., 2006; Wachs, Creed‐Kanashiro,

Cueto, & Jacoby, 2005; Wang et al., 2017). A study conducted in

Addis Ababa, Ethiopia, reported that mother's attainment of second-

ary education and above was associated with higher odds of achieving

minimum dietary diversity among children 6–23 months old (Solomon,

Aderaw, & Tegegne, 2017). Women's empowerment—measured in

this study by women's power to decide major household expenses—

was associated with child dietary diversity but not LAZ, consistent

with other findings linking women's participation in financial decisions

and quality of child diets (Amugsi, Lartey, Kimani‐Murage, & Mberu,

2016; Beyene, Worku, & Wassie, 2015). We also found that paternal

childcare support predicted improved child diet quality. Mechanisms

may include increased time for mothers to prepare food or increased

prioritisation of children's needs when drawing on household

resources. Ethiopian fathers' knowledge and support for child feeding

practices has been shown to be positively associated with child dietary

diversity (Bilal et al., 2016).

4.1 | Strengths and limitations

In this study, we have extended investigation of factors beyond those

commonly known or hypothesised to be associated with child diets

and nutritional status to include some less‐researched factors: house-

hold agricultural diversity and gender‐related norms. Our analyses

were based on a large dataset collected as primary data, and we used

causal diagrams to represent our assumptions about the causal influ-

ences between the factors of interest and the outcomes. We then

used these diagrams to identify variables to include in multivariable

analysis. This approach allowed for improved estimates of the multiple

primary associations between individual factors of interest and out-

comes; we identified and adjusted for the unique set of covariates

exerting direct or indirect effects on an individual association as per

the causal relationships specified. This is an advance on “single model

single table” multivariate modelling which displays—as a result of

modelling a single primary association—figures representing a mixture

of different types of causal effect estimates for covariates (secondary,

direct and indirect) without explicit distinction or comparability

between them (Westreich & Greenland, 2013).

Data were obtained from a single cross‐sectional study, and there-

fore, evidence from our analyses is limited by underlying assumptions

of temporality. Dietary data may have been subject to recall bias and

may not have shown usual intake as it was based on one 24‐hr recall.

The data were also collected over a period inclusive both of the Lent

fasting period before Easter and the meat‐heavy period directly fol-

lowing Easter. Other seasonal variation in the diet was not captured.

Certain factors known be associated with stunting such as child

birthweight and household sanitation were not included in this study.

4.2 | Policy implications and further research

We showed that child diets in rural, agrarian regions of Ethiopia may be

improvedwith increased household production of fruits and vegetables
and of animal source foods. Interventions that seek to diversify farms

such as agriculture extension advising, homestead gardening promo-

tion, and/or provision of seed or animal inputs may be effective

(Hirvonen & Headey, 2018; Sibhatu, Krishna, & Qaim, 2015). Other

means of increasing access to and use of diverse foods might include

market‐based initiatives or voucher or cash interventions combined

with nutrition education and promotion (Ruel & Alderman, 2013). Inter-

ventions to increase livestock rearing at household level may help to

improve dietary diversity. Further research is needed on the complex

relationships between livestock rearing, hygiene practices, consump-

tion of animal source foods, and child growth (Mosites et al., 2015).

Child feeding was also linked to paternal childcare support and

women's empowerment, suggesting that inclusion of husbands and

other community members in nutrition education initiatives—as part

of a broader social and behaviour change communication strategy—

may be effective to improve child diets (Nguyen et al., 2018). How-

ever, strategies to effectively engage men and community influencers

are not yet well researched (Lutter et al., 2013). Education of girls

remains essential to sustained improvement in child growth in Ethiopia

(Lailulo, Sathiya Susuman, & Blignaut, 2015).

5 | CONCLUSIONS

Young children in Ethiopia are slow to begin consuming a range of

diverse complementary foods. Household cultivation of fruits and veg-

etables in rural agrarian settings can improve both child feeding prac-

tice and linear growth. Gender‐sensitive interventions to increase

maternal education, women's empowerment, and paternal support

for childcare may support improved diversity of child feeding.

ACKNOWLEDGMENTS

We gratefully acknowledge the Tigray, Amhara, Oromiya, and SNNP

regional, zonal, district health bureaus, and offices for facilitating

household data collection. We thank the supervisors, enumerators,

and EPHI staff who collected data, and we also extend our gratitude

to Mrs. Alemnesh Petros for supporting data cleaning and Mrs. Beza

Teshome for managing and cleaning data. Finally, but most impor-

tantly, we would like to thank all the mothers and children who partic-

ipated in the study.

CONFLICTS OF INTEREST

The authors declare that they have no conflict of interest.

CONTRIBUTIONS

DK, CM, MS, AD, and EA conceived the idea and designed the study.

DK, SE, GA, MS, and CM coordinated and supervised training and data

collection. DK, GA, SE, CM, MS, and EA analysed the data and

interpreted. DK and CM wrote the first draft of the manuscript. AD,

CM, MS, and EA critically reviewed the manuscript. EA provided tech-

nical support in analysis. All authors reviewed and approved the

manuscript.

ORCID

Desalegn Kuche https://orcid.org/0000-0001-7118-8352

https://orcid.org/0000-0001-7118-8352


10 of 11 KUCHE ET AL.
bs_bs_banner
REFERENCES

Adekanmbi, V. T., Kayode, G. A., & Uthman, O. A. (2013). Individual and

contextual factors associated with childhood stunting in Nigeria: A

multilevel analysis. Maternal & Child Nutrition, 9(2), 244–259. https://
doi.org/10.1111/j.1740‐8709.2011.00361.x

Aguayo, V. M., Nair, R., Badgaiyan, N., & Krishna, V. (2016). Determinants

of stunting and poor linear growth in children under 2 years of age in

India: An in‐depth analysis of Maharashtra's comprehensive nutrition

survey. Maternal & Child Nutrition, 12, 121–140. https://doi.org/

10.1111/mcn.12259

Amugsi, D. A., Dimbuene, Z. T., Kimani‐Murage, E. W., Mberu, B., & Ezeh,

A. C. (2017). Differential effects of dietary diversity and maternal char-

acteristics on linear growth of children aged 6‐59 months in sub‐
Saharan Africa: A multi‐country analysis. Public Health Nutrition, 20(6),

1029–1045. https://doi.org/10.1017/S1368980016003426

Amugsi, D. A., Lartey, A., Kimani‐Murage, E., & Mberu, B. U. (2016).

Women's participation in household decision‐making and higher die-

tary diversity: Findings from nationally representative data from

Ghana. Journal of Health, Population and Nutrition, 35(1), 16. https://

doi.org/10.1186/s41043‐016‐0053‐1

Amugsi, D. A., Mittelmark, M. B., & Oduro, A. (2015). Association between

maternal and child dietary diversity: An analysis of the Ghana demo-

graphic and health survey. PLoS ONE, 10(8), e0136748. https://doi.

org/10.1371/journal.pone.0136748

Arimond, M., & Ruel, M. T. (2004). Dietary diversity is associated with child

nutritional status: Evidence from 11 demographic and health surveys.

The Journal of Nutrition, 134(10), 2579–2585. https://doi.org/

10.1093/jn/134.10.2579

Beyene, M., Worku, A. G., & Wassie, M. M. (2015). Dietary diversity, meal

frequency and associated factors among infant and young children in

Northwest Ethiopia: A cross‐sectional study. BMC Public Health,

15(1), 1007. https://doi.org/10.1186/s12889‐015‐2333‐x

Bilal, S. M., Dinant, G., Blanco, R., Crutzen, R., Mulugeta, A., & Spigt, M.

(2016). The influence of father's child feeding knowledge and practices

on children's dietary diversity: A study in urban and rural districts of N

orthern Ethiopia, 2013. Maternal & Child Nutrition, 12(3), 473–483.
https://doi.org/10.1111/mcn.12157

Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., Christian, P., De Onis,

M., … Uauy, R. (2013). Maternal and child undernutrition and

overweight in low‐income and middle‐income countries. The Lan-

cet, 382(9890), 427–451. https://doi.org/10.1016/S0140‐6736(13)
60937‐X

Borkotoky, K., Unisa, S., & Gupta, A. K. (2018). State‐level dietary diversity

as a contextual determinant of nutritional status of children in india: A

multilevel approach. Journal of Biosocial Science, 50(1), 26–52. https://
doi.org/10.1017/S0021932017000013

Boyle, M. H., Racine, Y., Georgiades, K., Snelling, D., Hong, S., Omariba, W.,

… Rao‐Melacini, P. (2006). The influence of economic development

level, household wealth and maternal education on child health in the

developing world. Social Science & Medicine, 63(8), 2242–2254.
https://doi.org/10.1016/j.socscimed.2006.04.034

Busert, L. K., Neuman, M., Rehfuess, E. A., Dulal, S., Harthan, J., Chaube, S.

S., … Saville, N. M. (2016). Dietary diversity is positively associated with

deviation from expected height in rural Nepal. The Journal of Nutrition,

146(7), 1387–1393. https://doi.org/10.3945/jn.115.220137

Central Statistical Agency (2016). Ethiopia demographic and health survey

2016. Addis Ababa: Federal Democratic Republic of Ethiopia.

Coates, J., Swindale, A., & Bilinsky, P. (2007). Household Food Insecurity

Access Scale (HFIAS) for measurement of food access: Indicator guide. Ver-

sion 3. Washington, DC: Food and Nutrition Technical Assistance III

Project (FANTA).
Cunningham, K., Ruel, M., Ferguson, E., & Uauy, R. (2015). Women's

empowerment and child nutritional status in South Asia: A synthesis

of the literature. Maternal & Child Nutrition, 11(1), 1–19. https://doi.
org/10.1111/mcn.12125

Danaei, G., Andrews, K. G., Sudfeld, C. R., Fink, G., McCoy, D. C., Peet, E., …
Fawzi, W. W. (2016). Risk factors for childhood stunting in 137 devel-

oping countries: A comparative risk assessment analysis at global,

regional, and country levels. PLoS Medicine, 13(11), e1002164.

https://doi.org/10.1371/journal.pmed.1002164

Desalegn, B. B., Lambert, C., Riedel, S., Negese, T., & Biesalski, H. K. (2018).

Ethiopian orthodox fasting and lactating mothers: Longitudinal study

on dietary pattern and nutritional status in rural Tigray, Ethiopia. Inter-

national Journal of Environmental Research and Public Health, 15(8),

1767. https://doi.org/10.3390/ijerph15081767

Devakumar, D., Kular, D., Shrestha, B. P., Grijalva‐Eternod, C., Daniel, R. M.,

Saville, N. M., … Wells, J. C. (2018). Socioeconomic determinants of

growth in a longitudinal study in Nepal. Maternal & Child Nutrition,

14(1), e12462. https://doi.org/10.1111/mcn.12462

Dewey, K. G., & Begum, K. (2011). Long‐term consequences of stunting in

early life. Maternal & Child Nutrition, 7(Suppl 3), 5–18. https://doi.org/
10.1111/j.1740‐8709.2011.00349.x

Federal Democratic Republic of Ethiopia. (2016). National Nutrition Pro-

gramme 2016‐2020 Addis Ababa.

Food and Agriculture Organisation, & USAID's Food and Nutrition Techni-

cal Assistance III Project (FANTA) (2016). Minimum dietary diversity for

women: A guide to measurement. Rome, Italy: Food and Agriculture

Organisation (FAO).

Hailemariam, T., Girmay, T., & Girmay, G. (2018). Determinants of individ-

ual dietary diversity score of children less than five years old in the

southern zone of Tigray, Ethiopia. African Journal of Food, Agriculture,

Nutrition and Development, 18(1), 13034–13051. https://doi.org/

10.18697/ajfand.81.16400

Headey, D., & Hirvonen, K. (2016). Is exposure to poultry harmful to child

nutrition? An observational analysis for rural Ethiopia. PLoS ONE, 11(8),

e0160590. https://doi.org/10.1371/journal.pone.0160590

Hirvonen, K., & Headey, D. (2018). Can governments promote homestead

gardening at scale? Evidence from Ethiopia. Global Food Security, 19,

40–47. https://doi.org/10.1016/j.gfs.2018.09.001

Hirvonen, K., & Hoddinott, J. (2016). Agricultural production and children's

diets: Evidence from rural Ethiopia. Agricultural Economics, 48,

469–480. https://doi.org/10.1111/agec.12348

Karwa, K., Godhia, M. L., & Jadhav, A. R. (2016). Infant and young child‐
feeding practices, indicators and index, and role of socio‐economic sta-

tus. International Journal of Advanced Nutritional and Health Science,

4(1), 212–218. https://doi.org/10.23953/cloud.ijanhs.140

Lailulo, Y. A., Sathiya Susuman, A., & Blignaut, R. (2015). Correlates of gen-

der characteristics, health and empowerment of women in Ethiopia.

BMC Women's Health, 15, 116. https://doi.org/10.1186/s12905‐015‐
0273‐3

Leroy, J. L., Habicht, J. P., Gonzalez de Cossio, T., & Ruel, M. T. (2014).

Maternal education mitigates the negative effects of higher income

on the double burden of child stunting and maternal overweight in

rural Mexico. The Journal of Nutrition, 144(5), 765–770. https://doi.
org/10.3945/jn.113.188474

Lutter, C. K., Iannotti, L., Creed‐Kanashiro, H., Guyon, A., Daelmans, B.,

Robert, R., & Haider, R. (2013). Key principles to improve programmes

and interventions in complementary feeding. Maternal & Child Nutrition,

9, 101–115. https://doi.org/10.1111/mcn.12087

Melaku, Y. A., Gill, T. K., Taylor, A. W., Adams, R., Shi, Z., & Worku, A.

(2018). Associations of childhood, maternal and household dietary pat-

terns with childhood stunting in Ethiopia: proposing an alternative and

https://doi.org/10.1111/j.1740-8709.2011.00361.x
https://doi.org/10.1111/j.1740-8709.2011.00361.x
https://doi.org/10.1111/mcn.12259
https://doi.org/10.1111/mcn.12259
https://doi.org/10.1017/S1368980016003426
https://doi.org/10.1186/s41043-016-0053-1
https://doi.org/10.1186/s41043-016-0053-1
https://doi.org/10.1371/journal.pone.0136748
https://doi.org/10.1371/journal.pone.0136748
https://doi.org/10.1093/jn/134.10.2579
https://doi.org/10.1093/jn/134.10.2579
https://doi.org/10.1186/s12889-015-2333-x
https://doi.org/10.1111/mcn.12157
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1017/S0021932017000013
https://doi.org/10.1017/S0021932017000013
https://doi.org/10.1016/j.socscimed.2006.04.034
https://doi.org/10.3945/jn.115.220137
https://doi.org/10.1111/mcn.12125
https://doi.org/10.1111/mcn.12125
https://doi.org/10.1371/journal.pmed.1002164
https://doi.org/10.3390/ijerph15081767
https://doi.org/10.1111/mcn.12462
https://doi.org/10.1111/j.1740-8709.2011.00349.x
https://doi.org/10.1111/j.1740-8709.2011.00349.x
https://doi.org/10.18697/ajfand.81.16400
https://doi.org/10.18697/ajfand.81.16400
https://doi.org/10.1371/journal.pone.0160590
https://doi.org/10.1016/j.gfs.2018.09.001
https://doi.org/10.1111/agec.12348
https://doi.org/10.23953/cloud.ijanhs.140
https://doi.org/10.1186/s12905-015-0273-3
https://doi.org/10.1186/s12905-015-0273-3
https://doi.org/10.3945/jn.113.188474
https://doi.org/10.3945/jn.113.188474
https://doi.org/10.1111/mcn.12087


KUCHE ET AL. 11 of 11
bs_bs_banner
plausible dietary analysis method to dietary diversity scores. Nutrition

Journal, 17(1), 14. https://doi.org/10.1186/s12937‐018‐0316‐3

Mosites, E. M., Rabinowitz, P. M., Thumbi, S. M., Montgomery, J. M.,

Palmer, G. H., May, S., … Walson, J. L. (2015). The relationship between

livestock ownership and child stunting in three countries in Eastern

Africa using national survey data. PLoS ONE, 10(9), e0136686.

https://doi.org/10.1371/journal.pone.0136686

Moss, C., Bekele, T. H., Salasibew, M. M., Sturgess, J., Ayana, G., Kuche, D.,

… Dangour, A. D. (2018). Sustainable Undernutrition Reduction

in Ethiopia (SURE) evaluation study: A protocol to evaluate impact, pro-

cess and context of a large‐scale integrated health and agriculture

programme to improve complementary feeding in Ethiopia. BMJ Open,

8(7), e022028. https://doi.org/10.1136/bmjopen‐2018‐022028

Mulmi, P., Masters, W. A., Ghosh, S., Namirembe, G., Rajbhandary, R.,

Manohar, S., … Webb, P. (2017). Household food production is posi-

tively associated with dietary diversity and intake of nutrient‐dense
foods for older preschool children in poorer families: Results from a

nationally‐representative survey in Nepal. PLoS ONE, 12(11),

e0186765. https://doi.org/10.1371/journal.pone.0186765

Nguyen, P. H., Frongillo, E. A., Sanghvi, T., Wable, G., Mahmud, Z., Tran, L.

M., … Menon, P. (2018). Engagement of husbands in a maternal nutri-

tion program substantially contributed to greater intake of

micronutrient supplements and dietary diversity during pregnancy:

Results of a cluster‐randomized program evaluation in Bangladesh.

The Journal of Nutrition, 148(8), 1352–1363. https://doi.org/10.1093/
jn/nxy090

Poda, G. G., Hsu, C.‐Y., & Chao, J. C.‐J. (2017). Factors associated with mal-

nutrition among children< 5 years old in Burkina Faso: Evidence from

the Demographic and Health Surveys IV 2010. International Journal

for Quality in Health Care, 29(7), 901–908. https://doi.org/10.1093/
intqhc/mzx129

Rakotonirainy, N. H., Razafindratovo, V. r., Remonja, C. R., Rasoloarijaona,

R., Piola, P., Raharintsoa, C., & Randremanana, R. V. (2018). Dietary

diversity of 6‐to 59‐month‐old children in rural areas of Moramanga

and Morondava districts, Madagascar. PLoS ONE, 13(7), e0200235.

https://doi.org/10.1371/journal.pone.0200235

Rodriguez, L. A., Mundo‐Rosas, V., Mendez‐Gomez‐Humaran, I., Perez‐
Escamilla, R., & Shamah‐Levy, T. (2017). Dietary quality and household

food insecurity among Mexican children and adolescents. Maternal &

Child Nutrition, 13(4). https://doi.org/10.1111/mcn.12372

Ruel, M. T., & Alderman, H. (2013). Nutrition‐sensitive interventions and

programmes: How can they help to accelerate progress in improving

maternal and child nutrition? The Lancet, 382(9891), 536–551.
https://doi.org/10.1016/s0140‐6736(13)60843‐0

Saaka, M., Osman, S. M., & Hoeschle‐Zeledon, I. (2017). Relationship

between agricultural biodiversity and dietary diversity of children

aged 6‐36 months in rural areas of Northern Ghana. Food &

Nutrition Research, 61(1), 1391668. https://doi.org/10.1080/

16546628.2017.1391668

Sauer, B., & Vanderweele, T. J. (2013). Supplement 2. Use of directed acy-

clic graphs. In P. Velentgas, N. Dreyer, P. Nourjah, S. Smith, & M.

Torchia (Eds.), Developing a protocol for observational comparative effec-

tiveness research: A user's guide. Rockville (MD): Agency for Healthcare

Research and Quality.

Shrier, I., & Platt, R. W. (2008). Reducing bias through directed acyclic

graphs. BMC Medical Research Methodology, 8, 70–70. https://doi.org/
10.1186/1471‐2288‐8‐70

Shrimpton, R., Victora, C. G., de Onis, M., Lima, R. C., Blossner, M., &

Clugston, G. (2001). Worldwide timing of growth faltering: Implications

for nutritional interventions. Pediatrics, 107(5), E75. https://doi.org/

10.1542/peds.107.5.e75
Sibhatu, K. T., Krishna, V. V., & Qaim, M. (2015). Production diversity and

dietary diversity in smallholder farm households. Proceedings of the

National Academy of Sciences of the United States of America, 112(34),

10657–10662. https://doi.org/10.1073/pnas.1510982112

Solomon, D., Aderaw, Z., & Tegegne, T. K. (2017). Minimum dietary diver-

sity and associated factors among children aged 6‐23 months in Addis

Ababa, Ethiopia. International Journal for Equity in Health, 16(1), 181.

https://doi.org/10.1186/s12939‐017‐0680‐1

Textor, J., van der Zander, B., Gilthorpe, M. S., Liśkiewicz, M., & Ellison, G.

T. H. (2016). Robust causal inference using directed acyclic graphs: The

R package ‘dagitty’. International Journal of Epidemiology, 45(6),

1887–1894. https://doi.org/10.1093/ije/dyw341

UNICEF (2016). From the first hour of life: Making the case for improved

infant and young child feeding everywhere. New York, NY: UNICEF.

UNICEF (Ed.) (2017). State of the world's children. In UNICEF (Ed.). New

York City, NY: UNICEF.

UNICEF. (2018). Expanded global databases on infant and young child

feeding. Retrieved from https://data.unicef.org/resources/dataset/

infant‐young‐child‐feeding/

Wachs, T. D., Creed‐Kanashiro, H., Cueto, S., & Jacoby, E. (2005). Maternal

education and intelligence predict offspring diet and nutritional status.

The Journal of Nutrition, 135(9), 2179–2186. https://doi.org/10.1093/
jn/135.9.2179

Wang, A., Scherpbier, R. W., Huang, X., Guo, S., Yang, Y., Josephs‐
Spaulding, J., … Wang, Y. (2017). The dietary diversity and

stunting prevalence in minority children under 3 years old: A cross‐
sectional study in forty‐two counties of Western China. British

Journal of Nutrition, 118(10), 840–848. https://doi.org/10.1017/

S0007114517002720

Westreich, D., & Greenland, S. (2013). The Table 2 fallacy: Presenting

and interpreting confounder and modifier coefficients. American Jour-

nal of Epidemiology, 177(4), 292–298. https://doi.org/10.1093/aje/

kws412

WHO Multicentre Growth Reference Study Group & de Onis, M (2006).

WHO child growth standards based on length/height, weight and

age. Acta Paediatrica, 95, 76–85. https://doi.org/10.1111/j.1651‐
2227.2006.tb02378.x

WHO, UNICEF, IFPRI, UCDAVIS, USAID, & FANTA. (2010). Indicators for

assessing infant and young child feeding practices: Part II Measurement.

In World Health Organisation (Ed.). Geneva.

World Health Organisation (2006). WHO Anthro 2005: Software for

assessing growth and development of the world's children. In WHO

(Ed.). Geneva.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Kuche D, Moss C, Eshetu S, et al. Fac-

tors associated with dietary diversity and length‐for‐age z‐score

in rural Ethiopian children aged 6–23 months: A novel approach

to the analysis of baseline data from the Sustainable Undernu-

trition Reduction in Ethiopia evaluation. Matern Child Nutr.

2020;16:e12852. https://doi.org/10.1111/mcn.12852

https://doi.org/10.1186/s12937-018-0316-3
https://doi.org/10.1371/journal.pone.0136686
https://doi.org/10.1136/bmjopen-2018-022028
https://doi.org/10.1371/journal.pone.0186765
https://doi.org/10.1093/jn/nxy090
https://doi.org/10.1093/jn/nxy090
https://doi.org/10.1093/intqhc/mzx129
https://doi.org/10.1093/intqhc/mzx129
https://doi.org/10.1371/journal.pone.0200235
https://doi.org/10.1111/mcn.12372
https://doi.org/10.1016/s0140-6736(13)60843-0
https://doi.org/10.1080/16546628.2017.1391668
https://doi.org/10.1080/16546628.2017.1391668
https://doi.org/10.1186/1471-2288-8-70
https://doi.org/10.1186/1471-2288-8-70
https://doi.org/10.1542/peds.107.5.e75
https://doi.org/10.1542/peds.107.5.e75
https://doi.org/10.1073/pnas.1510982112
https://doi.org/10.1186/s12939-017-0680-1
https://doi.org/10.1093/ije/dyw341
https://data.unicef.org/resources/dataset/infant-young-child-feeding/
https://data.unicef.org/resources/dataset/infant-young-child-feeding/
https://doi.org/10.1093/jn/135.9.2179
https://doi.org/10.1093/jn/135.9.2179
https://doi.org/10.1017/S0007114517002720
https://doi.org/10.1017/S0007114517002720
https://doi.org/10.1093/aje/kws412
https://doi.org/10.1093/aje/kws412
https://doi.org/10.1111/j.1651-2227.2006.tb02378.x
https://doi.org/10.1111/j.1651-2227.2006.tb02378.x
https://doi.org/10.1111/mcn.12852

