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Introduction: No multi-country analysis described patterns and inequalities for 
the brand-new feeding indicators proposed by WHO/UNICEF: zero consumption 
of vegetables and fruits (ZVF) and consumption of eggs and/or flesh (EFF). Our 
aim was to describe patterns in the prevalence and social inequalities of ZVF and 
EFF among children aged 6–23 months in low-and middle-income countries.

Methods: Data from nationally representative surveys (2010–2019) in 91 low-and 
middle-income countries were used to investigate within-country disparities in 
ZVF and EFF by place of residence, wealth quintiles, child sex and child age. 
The slope index of inequality was used to assess socioeconomic inequalities. 
Analyses were also pooled by World Bank income groups.

Results: The prevalence of ZVF was 44.8% and it was lowest in children from 
upper-middle income countries, from urban areas, and those 18–23 months. 
The slope index of inequality showed that socioeconomic inequalities in the 
prevalence of ZVF were higher among poor children in comparison to richest 
children (mean SII = −15.3; 95%CI: −18.5; −12.1). Overall, 42.1% of children 
consumed egg and/or flesh foods. Being a favorable indicator, findings for EFF 
were generally in the opposite direction than for ZVF. The prevalence was highest 
in children from upper-middle income countries, from urban areas, and those 
18–23 months of age. The slope index of inequality showed pro-rich patterns in 
most countries (mean SII = 15.4; 95%CI: 12.2; 18.6).

Discussion: Our findings demonstrate that inequalities exist in terms of household 
wealth, place of residence, and age of the child in the prevalence of the new 
complementary feeding indicators. Moreover, children from low-and lower-
middle countries had the lowest consumption of fruits, vegetables, eggs, and 
flesh foods. Such findings provide new insights towards effective approaches to 
tackle the malnutrition burden through optimal feeding practices.
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Introduction

The transition from exclusive breastfeeding to family foods - defined 
as complementary feeding - covers the period from 6 to 24 months of 
age, although breastfeeding may continue to 2 years of age and beyond 
(1). This transition is essential since breast milk alone, after 6 months of 
age, is no longer sufficient to meet the recommendations for energy, iron 
and other essential nutrients for optimal growth, body composition, 
neurodevelopment, strengthening the immune system, and prevention 
of obesity or noncommunicable diseases in later life (2). The timing of 
introduction of complementary feeding is also related to physiological 
and neurodevelopmental maturation, which allows the child to 
effectively metabolize important nutrients for optimal growth (1, 2).

Healthy complementary feeding practices with early exposure to a 
variety of flavors and food consistencies, in addition to the flavors 
provided by breast milk, have positive effects on acceptance of new 
foods and prevent later feeding problems (1), such as avoidance of fruits 
and vegetables and obesity (3). Suboptimal complementary feeding 
practices with insufficient consumption of specific nutrient-rich foods 
at the age of 6–23 months are associated with nutritional deficiency. For 
example, poor diets in protein-rich foods (e.g., meat and eggs) are 
associated with a higher prevalence of stunting and wasting (4, 5). Low 
consumption of food rich in vitamin A (orange fruits and vegetables) 
and iron (e.g., meats, and green leafy vegetables) is associated with a 
higher prevalence of anemia and micronutrient deficiency (5–7).

Indicators for assessing complementary feeding practices of children 
aged 6 to 23 months were published in 2008 and revised in 2017/2018 
by a team of experts commissioned by WHO and UNICEF. Both 
institutions have concomitantly suggested monitoring the consumption 
of animal-based protein-rich foods, as well as fruits and vegetables by 
children within this age range. Information on the consumption of such 
food types is widely available in surveys of national representativeness, 
therefore, two new complementary feeding indicators were proposed: 
egg and/or flesh consumption (EFF) and zero vegetable or fruit 
consumption (ZVF) (8, 9). The rationale behind these new indicators is 
that children who consume egg and/or flesh are more likely to attend 
their needs of specific nutrients important for optimal linear growth, like 
proteins, vitamin B12, vitamin D, zinc, and others. For vegetables and 
fruits consumption, the lower is the consumption of these food types the 
higher are the odds of non-communicable diseases, and the intake early 
in childhood will influence the optimal later life habits. Although no 
recommendation has been established for how many servings a day a 
child over 6 months must have per day, not consuming any food or 
vegetable serving is deemed as an unhealthy practice (9).

Socioeconomic inequalities in complementary feeding practices 
in LMICs have previously been documented for core indicators, such 
as dietary diversity, frequency, and adequacy (10, 11). These studies 
found a higher prevalence of optimal complementary feeding 
practices among wealthier children, living in urban areas, mainly in 
upper middle-income countries. We  are unaware of studies that 
investigated socioeconomic inequalities related to the new EFF and 
ZVF indicators.

Appropriate diets for everyone, particularly in vulnerable 
populations, are key goals to achieve two of the Sustainable Development 
Goals for 2030, zero hunger and good health and well-being (12). The 
new complementary feeding indicators regarding animal protein and 
vegetable/fruit consumption can provide new insights into how to tackle 
inappropriate feeding choices that can negatively affect children’s health 
in LMICs. In the present study, we describe socioeconomic inequalities 

in the prevalence of EFF and ZVF consumption among children 
between 6 and 23 months of age in LMICs.

Materials and methods

This is a multi-country study based on nationally representative 
cross-sectional surveys. We analyzed the latest health survey since 2010 
(median year = 2017), from 91 LMICs: 45 Demographic Health Surveys 
(DHS; https://dhsprogram.com/), 45 Multiple Indicator Cluster Survey 
(MICS; http://mics.unicef.org/), and one modified version of DHS from 
Bolivia (Encuesta de Demografía y Salud 2016). These household surveys 
are carried out every 3 or 5 years to monitor the health and nutrition of 
the country population. The methodology of these surveys is comparable 
in terms of questionnaires, field work, and sampling design (13). The 
sampling is based on a stratified two-stage cluster design with 
enumeration areas in the first stage and households selected in the 
sampled enumeration areas. In the selected households, a questionnaire 
on feeding practices of their youngest child was applied to mothers of 
children aged 6–23 months.

Feeding indicators

Two new recommended Infant and Young Child Feeding (IYCF) 
indicators were estimated for children aged 6–23 months based on food 
consumption in the 24 h preceding the survey: (1) zero vegetable or fruit 
consumption (ZVF) – the percentage of children who did not consume 
any vegetables or fruits; and (2) any egg or flesh food consumption 
(EFF) – the percentage of children who consumed egg or flesh food in 
any quantity (14). These indicators are based on standardized questions. 
ZVF is based on consumption of vitamin A-rich fruits and vegetables, 
as well as other fruits and vegetables. Plantains and starchy roots and 
tubers do not count for this indicator.

Sociodemographic variables

DHS and MICS datasets have available the household asset 
scores. Household assets such as building materials, infrastructure 
(e.g., water and electricity), and assets (presence of car, television, 
radio, etc.) were analyzed to generate the household asset score 
adjusted for urban or rural residence according to the methodology 
developed by DHS (15). Based on this asset score, households were 
classified into wealth quintiles, where the first quintile represents the 
20% poorest households and the fifth quintile the 20% richest 
households. For the survey considered as a modified version of DHS, 
we had to calculate the household asset index using the exact same 
DHS methodology to make it comparable to the DHS and 
MICS surveys.

Statistical analysis

ZVF and EFF prevalence were described by country, age groups (i.e., 
6–11, 12–17, and 18–23 months), place of residence (urban or rural), 
wealth and sex of the child (female or male). Countries were grouped 
according to the World Bank income group classifications for the year 
of the survey (16). We  used the population of children within 
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6–23 months of age in each country to weight the pooled income group 
estimates, retrieved from the World Bank Population Estimates.

As a measure of absolute socioeconomic inequalities, 
we calculated the slope index of inequality (SII) in each country. 
This index is derived through a logistic regression model, taking 
the ZVF or EFF prevalence as the outcome and the wealth quintiles 
as the independent variable. The SII represents the absolute 
difference in the fitted value of ZVF or EFF prevalence between the 
highest and the lowest values of the wealth index scale taking the 
intermediate values into account (17). SII values for prevalence 
range from −100 to +100, with zero representing no inequalities 
across the wealth scale; positive values represent a pro-rich 
distribution (higher prevalence among richer quintiles) and 
negative values a pro-poor distribution (higher prevalence among 
poorest quintiles).

Urban and rural residence was based on the classification of the 
sampled clusters adopted by the national governments at the time of the 
survey. We graphed dropline charts from the SII to improve visualization 
of socioeconomic inequalities by each country for both feeding 
indicators. We used Equiplots to assess urban–rural inequalities, and 
gap size within countries were presented in decreasing order. Equiplots 
are dot line graphs where the prevalence in each group and the distance 
between groups represents absolute inequality. p-values < 0.05 were 
considered statistically significant. All analysis were performed in Stata 
17 (StataCorp, College Station, TX, United  States). The data from 
national surveys analyzed in the present study is publicly available, and 
the institutions that conducted the surveys in each country dealt with 
the ethical clearance.

Results

Of the 91 surveys analyzed, 26 were from low-income countries 
(LIC), 37 from lower-middle (LMIC) and 28 upper-middle-income 
countries (UMIC), representing 83.9% of all low-income countries, 
71.2% of all lower-middle, and 50% of all upper-middle-income 
countries in the world as of 2017, the median year of the 
surveys used.

Zero consumption of vegetables and fruits

The prevalence of ZVF according to country income classification 
and age group is shown in Figure 1. The overall ZVF prevalence was 
44.8%, being similar in low-and lower-middle-income countries (LIC 
46.6, 95% CI: 43.8 to 49.5%, and LMIC 47.8, 95% CI: 46.3 to 49.4), and 
significantly lower in upper-middle income countries (25.2, 95% CI: 
22.6 to 27.9). Across all country income groups ZVF prevalence declined 
with age, being substantially higher in 6–11 months children both in the 
pooled analysis and by country income group.

The SII results for ZVF prevalence according to wealth quintiles is 
shown in Figure 2. For most countries the ZVF prevalence among the 
poorest was higher than in the richest group (negative SII values) for all 
income groups. Also, wider income inequalities were found for lower-
middle-income countries. On the other hand, only 3 countries presented 
a significantly higher ZVF prevalence in the wealthiest groups (Congo 
Dem. Rep., Uganda, and Congo Brazzaville).

Supplementary Table  1 shows overall prevalence of ZVF and 
stratified by age groups and child sex categories. The prevalence of ZVF 
ranged from 2.5% in Serbia to 74.9% in Burkina Faso. On average, ZVF 
prevalence declined with age, from 48.1% in 6–11 months old children 
to 24.4% in 18–23 months old children. The ZVF prevalence among girls 
ranged from 2.2% in Serbia to 74.8% in Burkina Faso, while among boys 
ranged from 2.8% to 74.9, in the same countries.

The prevalence of ZVF according to area of residence (urban or 
rural) is shown in Supplementary Figure 1. Overall, the ZVF prevalence 
was higher in children from rural areas. The mean difference between 
urban and rural area in ZVF prevalence was 7.5 p.p., ranging from 0.2 
p.p. in Egypt to 36 p.p. in Mauritania.

Egg and/or flesh consumption

The overall EFF prevalence was 42.1%, and the highest prevalence 
was found for upper-middle income countries (69.1, 95% CI: 66.2 to 
71.8). Regarding age groups, EFF prevalence increased with age, being 
lowest in 6–11 months children and highest in 18–23 months children, 
both in the pooled analysis and by country income group. The youngest 
age group (6–11 months) presented disproportionally lower EFF 
prevalence in all income groups (Figure 3).

Figure 4 presents the SII for the EFF prevalence according to wealth 
quintiles. We found positive SII values for most countries, representing 
a higher EFF prevalence among the wealthiest groups. Three countries 
presented negative SII results, with a higher prevalence of EFF among 
the poorest (Liberia, Mozambique, and Congo Brazzaville).

The overall prevalence of EFF and stratified by age group and sex of 
the child is shown in Supplementary Table  2. The highest overall 
prevalence of EFF was in Peru (Overall: 91.6%; Girls: 92.1%, Boys: 
91.0%) while the lowest prevalence was found in Niger (Overall: 16.8%; 
Girls: 16.4%, Boys: 17.2%). On the other hand, EFF prevalence increased 
with age, being on average 38.8% in 6–11 months old children and 72.2% 
in 18–23 months old children. Taking all countries into consideration, 
boys had a slightly higher prevalence of EFF than girls (0.3 p.p. of 
difference), on average.

Supplementary Figure 2 shows the EFF prevalence according to area 
of residence. The prevalence of EFF was higher among children living 
in urban areas for most countries, with 8 p.p. of mean difference between 
rural and urban areas, ranging from 0.1 p.p. in Thailand to 27 p.p 
in Niger.

FIGURE 1

ZVF prevalence according to country income and child age groups.
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Discussion

As far as we know, this is the first paper to report the prevalence of 
two new diet quality indicators, namely ZVF and EFF, in infants and 
young children from 91 LMICs, and describes the patterns in their 
prevalence according to two dimensions of inequality (i.e., 
socioeconomic and demographic). The results of our study showed that 
among all countries included, 44.8% of the children presented zero 

consumption of vegetables and fruits, while 42.1% consumed egg and/
or flesh foods. Additionally, our findings show inequalities in terms of 
household wealth, place of residence, and age of the child, with the 
poorest, rural, and youngest children being at disadvantage for both 
indicators. In a previous publication in 33 countries from Sub-Saharan 
Africa, the determinants of ZVF and EFF in children aged 6–23 months 
of age were mapped, showing that younger children, living in rural areas, 
and from uneducated families were the most disadvantaged groups for 
both feeding indicators (18).

Optimal complementary feeding practices have a direct effect on the 
health and nutritional status of children. However, in many LMICs, 
children are not given the necessary foods to thrive. Therefore, monitoring 
such feeding practices in a thorough way is part of the effort to tackle the 
burden of suboptimal complementary feeding practices, especially in 
poor-resource settings. For this reason, the WHO and UNICEF improved 
and developed new infant and young child feeding indicators. However, 
specifically, the two new feeding indicators from this study may have a 
few flaws that should be taken into consideration when used. For example, 
because one indicator shows a negative behavior (ZFV) and the other a 
positive behavior (EFF), the interpretation can probably be confusing and 
misinterpreted, especially if they are studied together. Likewise, presenting 
an overall prevalence of 6 to 23 months can mask inappropriate practice 
at some ages, so the presentation of the stratified prevalence by age groups 
makes more sense due to the gradual introduction of family foods that is 
usually practiced in families.

Regarding the prevalence of ZVF, we observed an inversely related 
inequality for the country income group, whereas the upper middle-
income countries presented the lowest prevalence compared to the 
low-and lower middle-income countries. On the contrary, the 

A B C

FIGURE 2

(A-C) Inequalities in the ZVF prevalence according to wealth quintiles.

FIGURE 3

EFF prevalence according to country income and child age 
groups.
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prevalence of EFF was higher in countries of upper-middle income 
compared to the other two income groups. Similar patterns were 
observed in previous studies in LMICs (11, 19, 20). An analysis of 
availability and cost of fruits and vegetables in 18 LMICs showed that 
the low consumption of fruits and vegetables was associated with low 
affordability, particularly in individuals of LIC (19). The prevalence of 
animal-source food consumption showed a pronounced between-
country wealth inequality in children of 80 LIMCs (11). A recent 
analysis of 185 countries revealed a wide-ranging disparity of daily 
servings of animal-source foods in children, with a high consumption 
of processed meat which is affordable but poor in micronutrients (20).

Our findings showed improvements in both indicators studied (i.e., 
increasing consumption of eggs and protein-rich foods and decline in 
lack of vegetables and fruits consumption) as the age of the child 
increased. This is in accordance with the literature on diet diversity, 
frequency and adequacy (21). However, our findings were particularly 
alarming for children aged 6–11 months, mainly in low-and lower-
middle income countries. The negative results found for the youngest 
age group might indicate inadequate quality and timing of 
complementary feeding practices (22). For example, in our study the 
EFF prevalence in low-and lower-income countries was around 25% 
while in upper-middle countries was around 50%. It is known that there 
has been an increase in the practice of baby-led weaning (BLW) in 
higher income countries (23), which may explain the higher EFF 
prevalence and the smaller ZVF prevalence observed in upper-middle 
income countries (24). The BLW method is a feeding approach in which 
children from 6 months of age are exposed to the family meals, including 
solid foods such as eggs and flesh foods. The aforementioned can 

be  supported with the findings of a study where children aged 
6–23 months from upper-middle income countries had a higher 
minimum dietary diversity compared with their counterparts from 
low-and lower-middle income countries (11). Appropriate 
complementary feeding is recommended to start at 6 months, when the 
infants’ needs for energy and nutrients begins to outrun breastmilk 
alone (25) at an early age.

For most countries regardless of the income group, the ZVF 
prevalence was higher among the poorest children, whereas a higher 
EFF prevalence among the wealthiest was observed. These results show 
a pro-rich inequality, which is consistent with evidence from 80 LMIC 
where the consumption of other fruits and vegetables (not vitamin 
A-rich fruits and vegetables), as well as animal-source was significantly 
higher among the wealthiest children compared with their counterparts 
(SII = 6.4 and 6.6, respectively), most likely due to the high cost of these 
type of foods (11).

On the other hand, our results showed that poorest children from 
Congo Democratic Republic and Uganda presented a significantly 
higher prevalence of fruits and vegetables consumption compared with 
their counterparts. Additionally, poorest children from Liberia and 
Mozambique had a significantly higher prevalence of any eggs and/or 
flesh food consumption compared with the wealthiest children. Congo 
Brazzaville was the only country where the poorest children had a 
significant higher consumption of both indicators studied compared 
with their wealthiest counterparts. Two hypothesis that may explain this 
phenomenon could be  that in these African countries (1) policies, 
national strategies and agricultural interventions were implemented to 
address the lack of food availability due to environmental conditions to 

A B C

FIGURE 4

(A-C) Inequalities in the EFF prevalence according to wealth quintiles.
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improve simultaneously nutrition outcomes, especially among the most 
poorest families thus improving their food security (e.g., Nutrition 
Smart Agriculture) (26); and/or (2) children may be experiencing a 
nutritional transition and the wealthiest children could be more exposed 
to an unhealthy diets (i.e., low consumption of fruits and vegetables, as 
well as eggs and/or flesh foods) than the poorest children (27). There is 
evidence that in some African subregions childhood overweight has 
increased overtime. For example, in Liberia and Mozambique childhood 
overweight has increased since 2012, whereas stunting prevalence has 
decreased during this period (28, 29).

Our study has some limitations that need to be considered. The 
consumption of fruits and vegetables in some countries may be strongly 
influenced by its availability, driven by seasonality and culture patterns; 
the list-based questionnaire for foods consumed in the previous 24 h 
does not capture the child’s food consumption pattern comprehensively, 
especially when influenced by availability-related factors, and, also, 
recall bias cannot be disregarded when working with such questionnaire; 
the indicator any eggs and/or flesh foods does not consider the food 
quantity consumed which is also relevant for children in a rapid growth 
period; data for countries with a large population of children under 
2-years old is lacking, like Brazil and China. On the other hand, this is 
the first multicountry study describing different inequality patterns in 
the new feeding indicators recommended by the WHO and UNICEF; 
the generalization of the findings is enhanced due to the diverse 
geographical span of the surveys included; the high compatibility 
between DHS and MICS surveys allowed the pooled investigation of 
several LMICs; and, the WHO and UNICEF acknowledged the usage of 
DHS/MICS surveys as an important data source to investigate feeding 
patterns among children.

In conclusion, our study presented national and grouped 
estimates of ZVF and EFF prevalence, indicating inequalities 
according to household wealth, place of residence, and age of the 
child for both indicators of child complementary feeding. Our results 
highlight the relevance to develop nutrition policies and key multi-
sectorial strategies to implement direct and, mainly, indirect 
interventions and programs which consider the context of each 
country to make fruit, vegetables, and animal-source foods such as 
eggs and flesh foods available, accessible and, above all, affordable, 
especially for children under 2 years of age for being within the 
1,000-days window. Also, national policies must restrict the access 
to ultra-processed foods, which are unhealthy and cheaper, and thus 
prevent the most vulnerable population from consuming them as a 
substitute for fruit and vegetables in natura and fresh animal-source 
foods. In this sense, the development of complementary feeding 
guidelines at the country level is critical for the population to have 
evidence-based information guide on the adequate feeding practices 
in infants, but taking into account the context of each country, such 
as culture. On another note, the COVID-19 pandemic has worsened 
the food insecurity in LMIC putting at risk the intake of adequate 
nutrients for the optimal growth of these children since the combined 
effects of COVID-19, the mitigation measures, and the emerging 
global recession, without large-scale coordinated action, have 
disrupted the functioning of food systems and impacted on diets by 

having to cope with unhealthy foods (30, 31). Therefore, it is essential 
to continue monitoring these indicators at the national level and 
carrying out analysis of inequalities to identify subpopulations with 
the greatest vulnerability and thus the decision makers of the 
countries redesign policies and target programs and interventions  
accordingly.
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