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Abstract

Children require a diverse diet, that includes vegetables and fruits, to support growth and
development and prevent non-communicable diseases. The WHO-UNICEF established a
new infant and young child feeding (IYCF) indicator: zero vegetable or fruit (ZVF) consump-
tion among children aged 6—23 months. We estimated the prevalence, trends, and factors
associated with ZVF consumption using nationally representative, cross-sectional data on
child health and nutrition in low-and-middle-income countries. We examined 125 Demo-
graphic and Health Surveys in 64 countries conducted between 2006—2020 with data on
whether a child ate vegetables or fruits the previous day. Prevalence of ZVF consumption
was calculated by country, region, and globally. Country trends were estimated and tested
for statistical significance (p<0.05). Logistic regression analysis was used to examine the
relationship between ZVF and child, mother, household, and survey cluster characteristics
by world region and globally. Using a pooled estimate of the most recent survey available in
each country, we estimate the global prevalence of ZVF consumption as 45.7%, with the
highest prevalence in West and Central Africa (56.1%) and the lowest in Latin America and
the Caribbean (34.5%). Recent trends in ZVF consumption varied by country (16 decreas-
ing, eight increasing, 14 no change). Country trends in ZVF consumption represented
diverse patterns of food consumption over time and may be affected by the timing of sur-
veys. Children from wealthier households and children of mothers who are employed, more
educated, and have access to media were less likely to consume ZVF. We find the preva-
lence of children aged 6—23 months who do not consume any vegetables or fruits is high
and is associated with wealth and characteristics of the mother. Areas for future research
include generating evidence from low-and-middle-income countries on effective interven-
tions and translating strategies from other contexts to improve vegetable and fruit consump-
tion among young children.

Introduction

Vegetable and fruit consumption is an important part of a healthy diet. From age 6 months,
children require more than breastmilk alone to meet their nutritional needs as they experience
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rapid growth and development in the first two years of life [1, 2]. Young children are at risk of
malnutrition as they transition from only breastmilk to consuming family foods in addition to
breastmilk. It is vital to introduce appropriate complementary feeding practices with diverse,
nutrient-rich foods that include vegetables and fruits [1]. The intake of vegetables and fruits by
infants and young children protects against growth faltering, influences eating behaviors later
in life, and has long-term protective effects against non-communicable diseases [3-6].

The consumption of vegetables and fruits is a component of minimum dietary diversity
(MDD) and a recent study of 80 low-and-middle-income countries (LMIC) found that MDD
among children aged 6-23 months is low (globally, 27.1%) and improves with income [7].
Other studies examining factors associated with MDD have identified child age, maternal age,
employment, education, access to media, and household wealth as important factors [8-11].
Data on vegetable and fruit consumption specifically, have predominately been published in
high-and-middle-income countries [12-15]. In the United States, the 2016 Feeding Infants
and Toddlers Study reported that based on a 24-hour recall, nearly three-quarters of children
aged 6-23 months consumed vegetables and fruits on the day of interview [12]. Studies that
used 24-hour recall data from the 2012 Mexican National Health and Nutrition Survey report
that 60-87% of children aged 6-23 months consumed vegetables and fruits, but consumption
of vegetables and fruits were not among the top contributors for micronutrient and fiber
intake in young children’s diets [14, 15]. In China, authors reported suboptimal vegetable and
fruit consumption among children aged 6-23 months in the Maternal Infant Nutrition
Growth Study [13]. Data from low-income settings have traditionally been scarce. Two studies
from the Philippines reported that in a 24-hour recall, few children aged 6-23 months con-
sumed vegetables (11% to 30%) and fruits (5% to 14%), and consumption varied by income
[16, 17]. More recently a multi-country study on vegetable and fruit consumption among chil-
dren 6-23 months reported an overall prevalence of zero fruit or vegetable consumption in
low-income and lower-middle-income countries of 45%. The study found that vegetable and
fruit consumption was higher in wealthier countries and that overall poorer and rural children
consumed less fruits and vegetables than their counterparts [18].

Infant and young child feeding (IYCF) indicators capture optimal feeding practices that tar-
get children during their vulnerable growth periods. The World Health Organization (WHO)
and United Nations Children’s Fund (UNICEF) recently updated the IYCF indicators and a
new indicator was established: zero vegetable or fruit (ZVF) consumption among children
aged 6-23 months [19]. This indicator measures no vegetable or fruit consumption during the
previous day or night. This information can be used to monitor and track country and global
progress and inform policy and programs to promote healthy eating practices among young
children.

This paper describes prevalence estimates and trends of ZVF consumption among children
aged 6-23 months in low-and-middle-income countries. Using available Demographic and
Health Survey (DHS) data we present prevalence estimates of ZVF consumption at the coun-
try, world region, and global levels and show the trends in ZVF consumption by country. We
add to previous knowledge by investigating the relationship between ZVF consumption and
characteristics relating to the mother, child, household, and cluster grouped by world regions.
To our knowledge, this is the first study to present ZVF consumption trends over time.

Methods
Data

We use nationally representative, cross-sectional data on vegetable and fruit consumption
from 125 Demographic and Health Surveys in 64 countries conducted between 2006 and 2020
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(see Tables A-E in S1 Appendix). These surveys utilize a two-stage sampling approach that is
designed to obtain data that are representative at the national, regional, and residence (urban-
rural) level within each country. DHS surveys use a list-based recall approach to collect infor-
mation from caregivers about foods fed to young children. An interviewer reads out a list of
foods to the respondent, usually the parent or caregiver of the child in question, who confirms
whether the child did or did not eat the food during the previous day or night before the inter-
view. These questions typically include five questions listing different types of vitamin A-rich
fruits and vegetables and any other fruits and vegetables consumed-the food items listed vary
depending on local dietary patterns. Children who only consumed other plant-based foods,
roots, grains, or cereals are not captured by this indicator. The consumption of ZVF is defined
as the percentage of children 6-23 months of age who did not consume any vegetables or fruits
during the previous day or night before the interview [19]. Cases with missing data for fruit
and vegetable consumption were few (see Tables A-E in S1 Appendix) and were included in
the denominator of this indicator only.

The DHS datasets also provide child, mother, and household or cluster-related characteris-
tics that we include in our analysis based on previous studies [8-11, 20]. These are child’s age
in months, sex, birth order (grouped as first born, second to fourth born, or higher order
birth), and breastfeeding status (currently breastfeeding versus not); mother’s current age
(ages grouped as less than 24, 25-34, 35 and older), education (none or primary versus second-
ary or higher), employment status (employed or not employed), media exposure in the last
week to radio, television, or newspaper (any exposure versus no exposure); and place of resi-
dence (urban or rural) and household wealth quintile (lowest to highest). The household
wealth quintile is a measure of economic status by accounting for household characteristics
and assets and access to infrastructure and services in rural and urban areas separately. These
assets are analyzed through a principal component analysis and the results are analytically
combined to represent a nationally applicable wealth score ranking each household. Each
household member in the surveys is assigned their household wealth score and divided into
quintiles from the lowest (i.e. poorest) quintile to the highest (i.e. wealthiest) quintile and
made available in all DHS datasets [21, 22]. DHS datasets are available for public use. All inter-
views are conducted with the verbal consent of all participants and DHS datasets are anon-
ymized to protect the privacy of participants. The Institutional Review Board of ICF, along
with relevant in-country ethical boards, reviewed and approved the survey protocols and ques-
tionnaires used during the collection of DHS Program data. The Institutional Review Board of
ICF complied with the United States Department of Health and Human Services regulations
for the protection of human research subjects (45 CFR 46).

To capture the time of year that countries may experience lean seasons of food availability
which typically coincides with the rainy season, a binary variable was constructed to reflect
whether the interview took place during the rainy season. Using a similar approach as Thorne-
Lyman and colleagues [20], we use monthly estimates of precipitation provided by the Global
Precipitation Climatology Project at the University of Maryland [23] to construct rainfall
maps for the 12-month period preceding the last month of interview of the most recent survey.
Interview months were coded as either part of the rainy season or not.

Additionally, mean temperature, enhanced vegetation index (EVI), and elevation of the sur-
vey clusters, were included. The EVI measures the amount of vegetation in an area and was
standardized due to its large range of values. Mean temperature and EVI are collected every five
years and were matched to the closest year of data available. Temperature, enhanced vegetation
index, and elevation have been linked to agriculture and proximity to agricultural centers which
may affect food availability [24-27]. These data use external geospatial data sources that are
linked to the DHS survey cluster, or primary sampling unit using GPS coordinates [28].
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Data analysis

For the analyses, countries were categorized into major regions similar to those of the World
Health Organization. For sub-Saharan Africa, there were many surveys available, and were
grouped into two subregions. The regions are West and Central Africa (WCAFR), South and
East Africa (SEAFR), Eastern Mediterranean and Europe (EMD-EUR), South-East Asia and
Western Pacific (SEA-WP), and Latin America and the Caribbean (LAC).

We estimated the prevalence of ZVF consumption among children aged 6-23 months by
country, world region, and globally. These analyses used the most recent survey available in
each country (Table 1). Trend analyses included countries with more than one survey from
2006 to 2020 in order to examine recent trends. Additionally, most surveys since 2006 col-
lected nutrition information per the IYCF indicator guidelines. For countries with continuous
DHS surveys every year in this period, non-consecutive surveys were selected for the analysis.
The difference in ZVF consumption between consecutive surveys and between the first and
last survey was calculated using t-tests. Trends were considered significant with a p-value less
than p<0.05. A reliable global or regional trend could not be produced due to variation in
number of surveys and time between surveys in each country.

Finally, we used bivariate and multivariate logistic regression to examine factors associated
with ZVF consumption in each region and globally. The analysis pooled the most recent sur-
vey in each country from 2009 that collected geospatial coordinates and had geospatial covari-
ate datasets available (Table 1). Covariates were tested for correlation and none were
correlated. Variable selection for the models was theoretically driven and covariates were
included in logistic regression models based on conceptual relevance regardless of the p-value.
The models controlled for child, mother, and household characteristics. Additionally, we
include cluster fixed effects for the rainy season, month of interview, and country. An interac-
tion term between the child’s age in months and breastfeeding status was also included.

All analyses considered the sampling procedures used in the surveys by accounting for the
primary sampling unit, stratification, and sampling weights and these elements were incorpo-
rated using the svy command in Stata. For each survey, we applied survey weights to account
for the 2-stage cluster sampling design of the surveys, and for the regional and global analyses,

Table 1. Description of data included in each analysis by world region.

Prevalence Estimates'> Trends analysis Multivariate analysis
Region Survey year Total Weighted N*|  Survey year Total Survey year Total Weighted N*
range countries range countries range countries

West and Central Africa 2010-2019 19 60,317 2006-2019 10 2010-2020 17 54,414
South and East Africa 2011-2019 14 34,571 2006-2019 11 2011-2019 14 35,985
Eastern Mediterranean and 2012-2018 8 25,154 2007-2018 5 2012-2018 6 12,338
Europe

South-East Asia and Western 2014-2018 10 94,842 2005-2018 8 2014-2018 7 86,190
Pacific

Latin America and the 2009-2017 7 18,124 2005-2017 4 2009-2017 6 15,360
Caribbean

Global 2009-2020 58 235,091 NA NA 2009-2020 50 204,477

Note: NA-Not Applicable

1 While the prevalence of ZVF consumption for the most recent survey in each of the 64 study countries is shown in Tables F-J in S1 Appendix, only the 58 recent
surveys since 2009 were included in each regional group prevalence.

2 Survey years included in this table are the year the survey was completed, though some surveys span two calendar years (e.g., 2005-2006).

3 Weighted N uses pooled and denormalized weights, so each country contributes equal weighting to grouped analysis

https://doi.org/10.1371/journal.pgph.0001662.t001
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Table 2. Percentage of children aged 6-23 months with zero vegetable or fruit consumption, by world region.

Region

West and Central Africa

South and East Africa

Eastern Mediterranean and Europe
South-East Asia and Western Pacific
Latin America and the Caribbean
Global

Note: CI-Confidence Interval

https://doi.org/10.1371/journal.pgph.0001662.t002

Year Range Prevalence (%) 95% CI Weighted N
2010-2020 56.1 [55.4-56.9] 60,317
2011-2019 39.5 [38.4-40.5] 34,571
2012-2018 48.3 [46.9-49.7] 25,154
2014-2018 39.7 [38.6-40.7] 94,842
2009-2017 34.5 [33.3-35.7] 18,124
2009-2020 45.7 [45.2-46.2] 235,091

data were pooled and survey sampling weights from country surveys were denormalized, so
each country contributed equal weighting to group analysis. Cases with missing data for any
variables included in the model were excluded using listwise deletion. Stata version 17 was
used for data manipulation and analysis and R version 4.1.1 was used to produce figures.

Results
Zero vegetable or fruit consumption prevalence

The global estimate of ZVF consumption was 45.7% (95% CI 45.2-46.2). Between 34.5-56.1%
of children aged 6-23 months from all world regions consumed ZVF in the previous day
(Table 2). The two regions with the highest ZVF consumption were WCAFR (56.1% [95% CI
55.4-56.9]) and EMD-EUR (48.3% [95% CI 46.9-49.7]). The lowest prevalence of children
with ZVF consumption was in LAC (34.5% [95% CI 33.3-35.7]). Season of data collection
only varies in some countries (season shown in Figs 1-5), and there is no clear relationship
between season of data collection and ZVF consumption.

By country, there was high variability in the percentage of ZVF consumption (see Tables
F-J in S1 Appendix). Cote d’Ivoire (76.2% [95% CI 73.6-78.6]) had the highest percentage of
ZVF consumption followed by Burkina Faso (75.0% [95% CI 73.1-76.7]). There was low prev-
alence in Peru (15.6% [95% CI 13.9-17.4]), Papua New Guinea (17.7% [95% CI 15.2-20.2]),
Burundi (18.2% [95% CI 16.8-19.8]), Maldives (18.7% [95% CI 14.8-23.2]), and Indonesia
(19.5% [95% CI 18.1-20.8]). There was also variability in ZVF consumption within world
regions, with the greatest range in SEAFR (ranged from 18.2% in Burundi (95% CI 16.8-19.8)
to 70.5% in Ethiopia (95% CI 65.8-74.9)).

Country trends

Figs 1-5 show the trends in ZVF consumption between the surveys for each country by region
(see also Table K in S1 Appendix) and timing of the survey i.e., during the rainy season or
other season. A decrease in ZVF consumption indicates an improvement, i.e., fewer children
over time have not consumed any vegetables or fruits the day before the survey. Overall,
among the 38 countries included in the trends analysis, 16 had significant decreases in ZVF
consumption between the last two surveys, eight had significant increases, and 14 showed no
significant change. Across countries, there were no clear patterns observed between ZVF con-
sumption and timing of the survey.

Among the five countries in EMD-EUR, we see no significant change in ZVF consumption
in Armenia, Albania, and Egypt (Fig 1) and all surveys were conducted during a non-rainy sea-
son. There was a continued increase in ZVF consumption in Jordan during the two most
recent surveys which were conducted in the rainy season, reaching nearly half of children
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Fig 1. Trends in zero vegetable or fruit consumption among children aged 6-23 months for countries in EMD-EUR.

https://doi.org/10.1371/journal.pgph.0001662.9g001

(45%). There was an increase in Tajikistan from 52% to 61%, the highest prevalence in this
region and both surveys were conducted during a non-rainy season.

In LAC, Peru was the only country with no significant change between the two most recent
surveys, and all surveys were conducted in a rainy season. Peru is the country with the lowest
percentage of ZVF consumption (< 20% in both surveys, see Fig 2). The percentage of chil-
dren with ZVF consumption decreased in Honduras (both surveys conducted in the rainy sea-
son) but increased in the Dominican Republic (both surveys conducted in the rainy season)
and Haiti (all surveys conducted in a non-rainy season). Haiti increased from 40% to 56%
between the two most recent surveys.

In SEA-WP, Bangladesh, Nepal, and Indonesia had significant increases in ZVF consump-
tion followed by a significant decrease between the two most recent surveys (Fig 3). Nepal’s
most recent survey was the only survey conducted during the rainy season and only Indone-
sia’s last two surveys were conducted during the non-rainy season. All other countries in the
region conducted their surveys during the rainy season, with the exception of Pakistan’s survey
being conducted in the non-rainy season. Significant decreases overall occurred in the per-
centage of children who consumed ZVF in India and the Maldives. The most recent surveys in
Indonesia and the Maldives had the lowest percentage of ZVF consumption in this region
(20% and 19% respectively). While there was a decrease in ZVF consumption in India, it
remains one of the highest in the region with over half of children (56%) consuming ZVF in
the most recent survey.

In SEAFR, there was a large increase in ZVF consumption among children Lesotho (18 per-
centage point increase) (Fig 4). The percentage of ZVF consumption between the two most
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Fig 2. Trends in zero vegetable or fruit consumption among children aged 6-23 months for countries in LAC.

https://doi.org/10.1371/journal.pgph.0001662.9002

recent surveys decreased in Uganda, Zambia, and Zimbabwe. In Ethiopia there was a decrease
in ZVF consumption between earlier surveys and then no significant change between the two
most recent surveys; Ethiopia remains the country with the highest percentage of ZVF con-
sumption in this region (71%). Surveys were conducted in the same season within countries,

Bangladesh Cambodia India Indonesia
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60 1301 8 60 60 60
> 2006
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2007 | 2017
20 20 20 20
2006 2011 2016 2021 2006 2011 2016 2006 2011 2016 2006 2011 2016
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Fig 3. Trends in zero vegetable or fruit consumption among children aged 6-23 months for countries in SEA-WP.

https://doi.org/10.1371/journal.pgph.0001662.9003
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Fig 4. Trends in zero vegetable or fruit consumption among children aged 6-23 months for countries in SEAFR.

https://doi.org/10.1371/journal.pgph.0001662.g004

with the exception of Malawi and Namibia. Malawi saw significant decrease in ZVF, and the
latter survey was the only survey conducted in the rainy season. Namibia’s second survey was
the only survey within the country to be conducted in the non-rainy season, and there was no
significant change detected in ZVF consumption between surveys.

In WCAEFR, seven countries showed significant decreases in ZVF consumption (Gambia,
Guinea, Mali, Nigeria, Senegal, Sierra Leone) (Fig 5). Ghana and Benin had a significant
increase, and there were no significant differences in Cameroon and Liberia between the two
recent surveys. For Nigeria, Senegal, and Sierra Leone, there was a significant increase in ZVF
consumption between earlier surveys, followed by a significant decrease between the two
recent surveys. Guinea had the greatest improvement in ZVF consumption decreasing from
83% to 64%. Changes in season of data collection had mixed results in direction of ZVF
consumption.

Regional and global multivariate analysis

Table 3 summarizes the regression results for the global model and each world region.
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Fig 5. Trends in zero vegetable or fruit consumption among children aged 6-23 months for countries in WCAFR.

https://doi.org/10.1371/journal.pgph.0001662.g005

Children’s characteristics

Among the child’s characteristics, the interaction term between breastfeeding and age was sig-
nificant in all regions with minimal differences between the regions and a global AOR of 0.94
(95% CI0.93-0.95). This indicates that as age increases, ZVF consumption decreases among
breastfed children compared to non-breastfed children. The birth order of the child was only
significantly associated with ZVF consumption in EMD-EUR (second to fourth born com-
pared to first born AOR 0.82 [95% CI 0.71-0.95]) and child’s sex was only significantly associ-
ated with ZVF consumption in SEAFR (female compared to male AOR 0.93 [95% CI 0.86-
0.99]).

Mother’s characteristics

Among mothers’ characteristics, children with mothers that have secondary or more education
level had significantly lower odds of ZVF consumption compared to mothers that have below
secondary education (global AOR 0.82 [95% CI 0.78-0.86]). This was also significant across all
regions with the lowest odds ratio in EMD-EUR, where the odds of ZVF consumption for
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Table 3. Multivariate regression results with adjusted odds ratios and 95% confidence intervals for the global and regional models.

Global West & Central | South & East Africa Eastern South-East Asia & | Latin America &
Africa Mediterranean & Western Pacific the Caribbean
Europe
AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI

Child’s characteristics
Birth order
First born (ref) . . . . . . . . . . . .
Second—fourth 0.98 0.93-1.02 | 0.99 0.91-1.07 | 1.03 0.94-1.14 | 0.82** |0.71-0.95 | 0.96 0.87-1.05 | 1.03 0.89-1.18
Fifth + 1.00 0.94-1.07 | 0.99 0.89-1.09 | 1.00 0.88-1.13 | 0.87 0.67-1.12 | 1.05 0.89-1.24 | 1.24 1.00-1.55
Sex of child
Male (ref) . . . . . . . . . .
Female 0.98 0.95-1.02 | 1.01 0.96-1.07 | 0.93* 0.86-0.99 | 0.95 0.84-1.08 | 0.98 0.90-1.08 | 1.03 0.92-1.15
Age 0.95%** 10.94-0.96 | 0.93*** |0.92-0.95 | 0.96™** | 0.95-0.98 | 0.95*** |0.93-0.97 | 0.93™** | 0.91-0.94 | 0.96*** | 0.94-0.98
Breastfeeding
Not currently (ref) . . . . . . . . . . . .
Currently 2,50 | 2,13-2.93 | 2.12%** | 1.64-2.75 | 2.88*** | 2.04-4.05 | 2.91%** | 1.81-4.66 | 2.19"** |1.54-3.12 | 1.79"* | 1.22-2.62
Breastfeeding x Age Interaction | 0.94™** | 0.93-0.95 | 0.95** | 0.94-0.96 | 0.93*** | 0.91-0.95 | 0.93*** | 0.90-0.96 | 0.95"** | 0.93-0.97 | 0.95"** | 0.93-0.97
Mother’s characteristics
Education
None, primary (ref) . . .. .. .. ..
Secondary, higher 0.82%** 1 0.78-0.86 | 0.87*** | 0.80-0.93 | 0.87** |0.80-0.96 | 0.70™** | 0.57-0.86 | 0.74™** | 0.67-0.82 |0.83** | 0.72-0.95
Employment
Not working (ref) . . . . .
Working 0.79*** | 0.76-0.83 | 0.83*** | 0.78-0.88 | 0.75*** | 0.69-0.81 | 0.85 0.71-1.03 | 0.85** | 0.76-0.95 | 0.80*** | 0.71-0.90
Media exposure
None (ref) . . . . . .
Some 0.88*** 10.84-0.92 | 0.93* 0.87-1.00 | 0.89** 0.83-0.96 |0.71** 0.56-0.90 | 0.82*** |0.74-0.92 | 0.75*** | 0.63-0.89
Mother’s age
<24 (ref) . . . . . . . . . . . .
25-24 0.98 0.92-1.05 | 0.97 0.88-1.08 | 1.01 0.88-1.15 | 1.11 0.80-1.53 | 0.95 0.80-1.13 | 0.89 0.72-1.08
35+ 0.92 0.85-1.01 | 0.91 0.80-1.03 | 0.93 0.79-1.10 | 1.10 0.77-1.59 | 0.93 0.74-1.16 | 0.82 0.62-1.09
Household & cluster characteristics
Wealth
Lowest (ref) . .
Second 0.93** | 0.89-0.98 | 1.00 0.93-1.08 | 0.93 0.84-1.02 | 0.92 0.78-1.08 | 1.04 0.92-1.18 | 0.84* 0.72-0.98
Middle 0.87*** | 0.82-0.92 | 0.93 0.85-1.01 |0.86** |0.77-0.96 | 0.82* 0.69-0.98 | 1.00 0.87-1.15 | 0.77** | 0.64-0.92
Fourth 0.82%** | 0.77-0.87 | 0.94 0.85-1.04 | 0.81*** | 0.72-0.91 | 0.75** |0.61-0.91 | 0.95 0.82-1.10 | 0.59*** | 0.47-0.73
Highest 0.70*** | 0.65-0.76 | 0.81** 0.71-0.93 | 0.74™** | 0.63-0.87 | 0.60™** | 0.46-0.78 | 0.82* 0.69-0.98 | 0.42*** |0.33-0.54
Residence
Urban (ref) . . . . . . .
Rural 1.03 0.98-1.09 | 1.05 0.96-1.15 | 1.18** 1.05-1.33 | 0.89 0.74-1.07 | 1.06 0.94-1.19 | 0.93 0.81-1.08
Rainy season
No (ref) . . . . . . . . . . . .
Yes 1.05 0.99-1.12 | 0.95 0.82-1.10 | 1.11 0.98-1.26 | 0.86 0.60-1.23 | 1.46** 1.17-1.83 | 0.81 0.64-1.03
Mean temperature 1.00 1.00-1.00 | 1.00 1.00-1.00 | 1.00** 1.00-1.00 | 1.00** 1.00-1.00 | 1.00 1.00-1.00 | 1.00 1.00-1.00
Vegetation index ! 0.97** 1 0.95-0.99 | 0.97 0.93-1.01 | 0.94** | 0.90-0.98 | 1.01 0.94-1.09 | 0.95 0.90-1.00 | 0.98 0.92-1.04
Altitude > 1.00* 1.00-1.00 | 1.00 1.00-1.00 | 1.00*** | 1.00-1.00 | 1.00** 1.00-1.00 | 1.00 1.00-1.00 | 1.00 1.00-1.00

Note: Month and country was also included as a fixed effect. Asterisks indicate the p-value *p<0.05, **p<0.01, ***p<0.001. AOR—Adjusted Odds Ratio. CI—

Confidence Interval. ‘Ref -reference category. 1 Unitless index. Higher scores indicate higher vegetation vigor/photosynthetic activity, 2 Degrees of elevation
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children with mothers that have secondary or more education were 30% lower compared to
mothers with below secondary education (AOR 0.70 [95% CI 0.57-0.86]). Children of
employed mothers were significantly less likely to consume ZVF compared to unemployed
mothers in the global model and all regions except EMD-EUR. The significant AORs ranged
from 0.75 (95% CI 0.69-0.81) in SEAFR to 0.85 (95% CI 0.76-0.95) in SEA-WP and a global
AOR 0f 0.79 (95% CI 0.76-0.83). The mother’s exposure to media messages also resulted in
lower odds of ZVF compared to those with no media exposure and was significant in all
regions. The global AOR was 0.88 (95% CI 0.84-0.92) and ranged from 0.71 (95% CI 0.56-
0.90) in EMD-EUR to 0.93 (95% CI 0.87-1.00) in WCAFR.

Household and cluster characteristics

Among household and other cluster characteristics, the relationship between ZVF consumption
and wealth quintile differed by region. Globally, children in the highest wealth quintile have 30%
lower odds of ZVF consumption than from the lowest wealth quintile (AOR 0.70 [95% CI 0.65-
0.76]). In the global model, SEAFR, EMD-EUR, and LAC, middle and higher categories of wealth
had lower odds of ZVF consumption, while in WCAFR and SEA-WP lower odds of ZVF consump-
tion were only found in the highest quintile compared to the lowest. The disparities by wealth were
the largest in LAC with children in the highest wealth quintile having 58% lower odds of ZVF con-
sumption than children in the lowest wealth quintile (AOR 0.42 [95% CI 0.33-0.54]).

Rural dwellers were also more likely to consume ZVF than urban dwellers in SEAFR (AOR
1.18 [95% CI 1.05-1.33]), while urban or rural residence had no significant association in any
other region. We also observe few significant findings among seasonality and climate-related
variables. The rainy season was statistically significantly with higher odds of ZVF consumption
in SEA-WP (AOR 1.46 [95% CI 1.17-1.83]). Mean temperature, vegetation index, and altitude
were statistically significant in some models (global, SEAFR and EMD-EUR), but with odd
ratios close to or one, indicating a very small effect to no effect and suggesting that these rela-
tionships are not meaningfully significant.

Discussion

We examined zero vegetable or fruit consumption among children aged 6-23 months using
129 DHS surveys from 64 countries from 2006 to 2020. Globally, approximately half of chil-
dren (45.7%) had not consumed any fruits or vegetables in the previous day before the survey
and these estimates are in line with other research that has estimated global ZVF consumption
in LMICs at 45% [18]. Regionally, LAC had the lowest prevalence of ZVF consumption
(34.5%), while WCAFR had the highest (56.1%). Among the 40 countries included in the
trends analysis, 17 had significant decreases in ZVF consumption between the last two surveys,
9 had significant increases, and 14 showed no significant change. In the multivariate models,
wealth and mother’s characteristics had the lowest odds of ZVF consumption.

Consistent with recent research on estimates of minimum dietary diversity and minimum
acceptable diet we found regional variations in the prevalence of ZVF consumption. These
studies also identify the LAC and WCAFR regions as having the highest and lowest diet diver-
sity, respectively, illustrating that our results align with those related to other infant feeding
indicators [7, 29]. Though studies often examine sub-Saharan Africa as one region, we showed
important sub-regional differences in ZVF consumption (WCAFR 56.1% and SEAFR 42.0%).

The trend analyses showed inconsistent patterns. In WCAFR and SEA-WP, most but not
all countries exhibited significant improvements i.e., declining rates of ZVF. In SEAFR results
were mixed and in EMD-EUR trends were mostly stable. The reasons for the variability of
ZVF consumption patterns within countries is unknown. It could be explained by changes in
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food insecurity, agriculture production, or dietary patterns [27], though large fluctuations in
ZVF may be unlikely and due to other sources of measurement error. DHS surveys take several
months and span growing seasons, which may coincide with the seasonality of available fresh
vegetables and fruits. This means that within surveys, variation in ZVF consumption may be
due to seasonal food availability. To this end, surveys would need to be conducted across dif-
ferent seasons (rainy vs. non-rainy) within the same country and year to understand increased
or diminished seasonal availability of fruits and vegetables. In general, care should be taken
when interpreting trends as although standardized questionnaires are used, questions can be
modified between surveys and language translations may also contribute to measurement
error. While our study is the first to illustrate trends in ZVF consumption, further analyses of
country trends are required to better understand these patterns and monitor progress.

Our study shows that wealthier households and children whose mothers had more educa-
tion, exposure to media, or were employed had lower odds of ZVF consumption. These find-
ings are similar to other studies that have examined MDD [7-11, 17] and fruit and vegetable
consumption [18] in children. Additionally, data from high-income settings describe a range
in the prevalence fruit and vegetable consumption that is similar to some of the LMICs
included in our study and this may suggest similar underlying socioeconomic inequalities that
contribute to ZVF consumption across contexts [12—-15]. Behavioral change interventions in
low-and middle-income countries have been found to improve complementary feeding prac-
tices and the quality of children’s diets, but vegetable and fruit consumption was not a specific
outcome in these studies [5, 30, 31]. Ultimately, behavior change in food utilization are pre-
ceded by food availability and access. An enabling environment can be achieved through pol-
icy changes, such as taxation of less healthy foods and subsidizing healthier food or other
policies to help mitigate poor households experiencing sharp increases in food costs due to
economic shocks [32-34]. Conditional cash transfer and food assistance programs can also
provide direct support to less wealthy families and have been shown to improve fruit and vege-
table consumption among children [30, 31].

The interaction term in our analysis shows that as children age, those who breastfed have
lower odds of ZVF consumption than those who are not breastfed. One explanation is that
breastfeeding infants may have a delayed introduction to complementary foods and younger
children are not consuming any complementary foods compared to non-breastfed children.
Cereal and grain-based foods are common complementary foods and because non-breastfeed-
ing children may have been introduced to these foods earlier, they are more likely to continue
consuming these types of foods [7]. Lastly, there is evidence that breastfeeding infants and
young children whose mothers consume vegetables and fruits have a higher exposure to the
variety of flavors from their mother’s diet via breast milk and this may potentially may increase
children’s acceptance of new foods [35].

Interestingly, the season or climate did not have a strong association with children’s vegeta-
ble and fruit consumption across world regions. The rainy season variable was only associated
with higher ZVF consumption in SEA-WP, while the other climatic variables showed weak to
null associations in SEAFR and EMD-EUR. Seasonality is likely to affect both the availability
and price of fruits and vegetables, with those in rural and subsistence farming areas especially
vulnerable. As the association between rural residence and higher ZVF consumption in
SEAFR suggests. The lack of a strong association with the seasonality and climatic variables in
our study may be due to several reasons. First, the classification threshold for ZVF consump-
tion indicator is low and a child is not classified as having ZVF consumption if fed just one
vegetable or fruit. It may be that season or climate has less impact on ZVF consumption, even
though the amount of vegetables and fruits being consumed may vary due to food availability
throughout the year [20]. This limitation means the ZVF indicator cannot detect variation in
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the amount of fruit and vegetable consumption. It only captures that the consumption is or is
not zero. In addition, our indicators for season and climate may not be sufficiently robust. For
example, the rainy season variable is a proxy for lean season [36] and countries are likely to
experience more than one lean season in a year; moreover, many surveys in our analysis col-
lected data for six months or longer, which may overlap several seasons and add to the com-
plexity in interpreting the trend results. Within a country there may be seasonal variation and
different climatic regions which affect food availability. Even though our regional and global
models controlled for country, there is likely to be some variation that our models and our sea-
sonal measure cannot capture. The importance and magnitude of the effect that climate and
season play on the availability of fresh vegetables and fruits for consumption among young
children warrants further study.

Our study is not without other limitations. The analyses were also limited to the global,
regional, or country level for regressions and trends, respectively. However, there is large variabil-
ity within countries due to environmental, social, economic, and other factors that can influence
ZVF consumption. Therefore, the analyses could mask national or subnational complexities
related to ZVF consumption. In addition, due to data availability, some regional categories did
not include many countries. For this reason, generalization to the regional level should be done
with caution, especially for the non-African regions where fewer countries were included.
Another limitation is the ZVF consumption indicator, which is based on the mother’s report of
the foods her child consumed in the day or night before the survey and may not reflect a child’s
usual diet and is prone to both under and overreporting [37]. Overreporting of vegetables and
fruits may occur if items consumed in insufficient quantities are reported, or due to social desir-
ability bias. Conversely, underreporting may occur if an item that is part of a mixed dish is not
reported, the mother did not observe all food items given to the child, or because of a lapse in
memory. In previous studies among women, vegetables and fruits were generally more likely than
other food groups to be misreported [38-40]. Another limitation of the data is that it does not
provide information on other caregivers such as grandmothers who may also influence ZVF con-
sumption. An in-depth analysis of household dynamics that may affect food consumption is not
captured in this study, although the wealth quintile that was included in our analysis does take
into account household size. Furthermore, our analysis did not account for the food environment,
which determines food availability, access, utilization and feeding practices.

Despite these limitations, the new ZVF indicator is a useful tool for advocacy and monitor-
ing diet quality among young children. Vegetable and fruit consumption is a critical compo-
nent of young children’s diets and provides important micronutrients that support healthy
growth and development.

Our study results indicate global action is needed to improve vegetable and fruit consump-
tion among young children. Multidimensional strategies that address personal and external
barriers to vegetable and fruit consumption for infants and young children are likely to be
most effective [41, 42]. Interventions targeting the wider food system/agricultural production
can work in tandem with school gardens, improved home gardens, cash transfers, nutrition
education, and behavior change for families and communities [41, 43, 44]. As most research
on effective strategies is from high income-settings, two areas for future research include gen-
erating evidence from LMICs on effective interventions and translating strategies from other
contexts to improve vegetable and fruit consumption among young children.
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