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Animal-source foods (ASF) provide nutrition for children and adolescents’

physical and cognitive development. Here, we use data from the Global
Dietary Database and Bayesian hierarchical models to quantify global,
regional and national ASF intakes between 1990 and 2018 by age group
across 185 countries, representing 93% of the world’s child population. Mean
ASF intake was 1.9 servings per day, representing 16% of children consuming
atleast three daily servings. Intake was similar between boys and girls, but
higher among urban children with educated parents. Consumption varied
by age from 0.6 at <1 year to 2.5 servings per day at 15-19 years. Between
1990 and 2018, mean ASF intake increased by 0.5 servings per week, with
increasesin all regions except sub-Saharan Africa. In 2018, total ASF
consumption was highest in Russia, Brazil, Mexico and Turkey, and lowest in
Uganda, India, Kenya and Bangladesh. These findings can inform policy to
address malnutrition through targeted ASF consumption programmes.

Child malnutrition is devastating globally, including micronutrient
deficiencies, stunting, underweight and wasting, as well as growing
diet-related syndromes, including overweight, obesity and poor meta-
bolic health'. While undernutrition decreased over recent decades,
an estimated 149 million children under 5 years were stunted in 2020,
and 45 million children were wasted? These conditions remain most
prevalentin Asia and Africa’. In addition, more than 372 million infants
andyoung children have micronutrient deficiencies®, which caninhibit
healthy growth and development, and increase child mortality*; and 38
million children are overweight, with prevalence rates rising steadily
in most geographic regions*’. The 2021 Lancet series on adolescent
nutrition emphasized the scarcity of nationally representative data

to characterize adolescent diets during this important developmen-
tal period®®. Nutrition during childhood and adolescence affects
linear growth, body composition, brain growth and development,
and immune function’™. The consequences of poor diet during ado-
lescence are exemplified by the doubling of obesity rates, as well as
increased anaemia between 1990 and 2016".

Animal-source foods (ASF) have animportant dietary influence on
the health of children and adolescents. ASF arerichinamino acids, fatty
acidsandseveral micronutrients of concern, includingiron, zinc, iodine
andvitamin A, intake of which is widely deficientin lower-income coun-
tries”. Specific ASF have other health benefits, such as omega-3 fatty
acidsin fish, calcium and vitamin D in dairy, probiotics in yogurt and
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menaquinonesin cheese. Inameta-analysis of randomized controlled
trials, food-based animal protein supplementation during infancy
and early childhood increased child weight, increased height-for-age
z-score and reduced the risk of stunting, but had no effect on height
alone or wasting™.

At the same time, different ASF have implications for planetary
health—particularly livestock production for red meat, whichincreases
greenhouse gas emissions and has other negative environmental
effects*>*—as well as negative implications for health later in adult-
hood, particularly related to processed meat'®. Thus, beyond direct
impacts during childhood and adolescence, food habits and
preferences developed at younger ages translate to adulthood",
with long-term implications for human and planetary health. Under-
standing the distribution and heterogeneity in intakes of ASF among
children and adolescents around the world is critical for establish-
ing priorities to promote healthy growth and development during
childhood, developing dietary preferences to promote health in
adulthood and reducing the environmental impacts of food produc-
tion and consumption.

Some limited nutritional data on ASF consumption are systemati-
cally collected, standardized and reported for <5 and >15 years of age
in low-income countries'®", Prior global or regional reports did not
assess ASF intakes among children 5-14 years old*>*. Inarecentreport,
we provided global estimates of ASF consumption among children
(<19 years)*. However, detailed information by age was not reported.
Importantly, ASF consumption and malnutrition may also both vary
in children and adolescents according to sociodemographic char-
acteristics, such as parental education and urban or rural residence.
Furthermore, such variation may not be uniform by world region,
country,age group or time. However, distributions of global ASF intake
by childrenand adolescents according to age, parental education and
urbanicity have not previously been reported.

To address these major gaps in knowledge, we investigated and
report on intakes of major categories of ASF among children and
adolescents by age (from birth to age 19 years), sex, parental educa-
tion level, urbanicity, country and world region between 1990 and
2018, using systematically collected and standardized individual-level
national dietary surveys and Bayesian modelling from the Global
Dietary Database (GDD).

Results

Global, regional and national total ASF consumption
Worldwide, total ASF consumptionby children and adolescents (from
birthtoage19 years)in2018 was 1.9 servings per day (95% uncertainty
interval:1.9,2.1), ranging from 0.8 in South Asia to 4.2 in Central/Eastern
Europe and Central Asia (Fig. 1). Globally, ASF consumption varied
4.5-fold by age group, from 0.6 inage <lyearto2.5in15-19 years. Among
the world’s 20 most populous countries, mean ASF intake was highestin
Russia, Brazil, Mexico and Turkey (range: 3.0-5.0 servings per day), and
lowestin Uganda, India, Kenya and Bangladesh (range: 0.7-0.8; Fig. 2).

Global, regional and national consumption of dairy
Mean milk intake globally was 103 g d* (98, 109; equivalent to 0.4
servings per day); cheese intake, 6 gd™ (6, 7; equivalent to 0.1servings
per day); and yogurt intake, 18 g d* (15, 21; equivalent to 0.5 servings
per week; Fig. 1). Globally, mean milk intake was highest among ages
10-14 years (115g d™;108,122), followed by 5-9 years (112 g d*; 105, 118),
15-19 years (105 g d™?; 100, 111), 3-4 years (92 g d*; 87, 98), 1-2 years
(77gd™; 73,82)and <1year (63 g d™; 58, 67).

AS5.5-fold difference in milk intake was found across regions, from
46 gdinsub-Saharan Africa to 252 in high-income countries (Fig. 1).
Among populous countries, mean intakes were highest in Mexico,
the United States, Brazil and Turkey (222-257 g d™), and lowest in
Nigeria, the Democratic Republic of the Congo, Bangladesh and
Tanzania (32-43gd™).

Mean regional cheese intake ranged from1gd™inSouth Asiaand
sub-Saharan Africa to 29 in Central/Eastern Europe and Central Asia
(Fig.1). Among populous countries, highest intakes were in the United
States, Turkey, Russia and Mexico (15-26 gd™), and lowest in Uganda,
the Democratic Republic of the Congo, Bangladesh, India, Tanzania,
Pakistan, the Philippines, Nigeria and Kenya (<1gd™).

Mean regional consumption of yogurt ranged from 6 to 73 g d™*
(Fig. 1). Among populous countries, national intakes were lowest in
Uganda, Indonesia, Bangladesh, Tanzania and Kenya (<5 g d™), and
highest in Turkey, Russia, Iran and Mexico (23-105gd™).

Global, regional and national consumption of eggs
Meanglobalintake of eggs was17 gd™ (15, 20; equivalent to 0.3 servings
per day) in 2018, with regional consumption 5- to 7-fold higher in
Southeast and East Asia (5-34 g d), Central/Eastern Europe and
Central Asia, the Middle East and Northern Africa, and Latin America
and the Caribbean compared with sub-Saharan Africaand South Asia
(Fig.1). Among populous countries, national intakes were lowest in
the Democratic Republic of the Congo, Kenya, Tanzania, Uganda and
Nigeria (<4 g d™), and highest in Vietnam, China, Mexico and Russia
(33 to 44 g d). National egg intake was moderately correlated
with intake of unprocessed red meat (r=0.6) and processed
meat (r=0.5), but not seafood (r=-0.03).

Global, regional and national consumption of seafood
Worldwide, mean seafood consumptionwas 21 gd™(20,23; equivalent
to 0.2servings per day), ranging from2gd™(2,2)inage<lyearto31lg
d?(29,33)in15-19 years (Fig. 1). Regionally, seafood intake was highest
in Southeast and East Asia (32 g d*; 30, 35), followed by sub-Saharan
Africa, Central/Eastern Europe and Central Asia, the Middle East and
Northern Africa, and Latin America and the Caribbean. Intake was low-
estin high-income countries and South Asia (<10 gd™). Among popu-
lous countries, mean intakes were highest in Vietnam, Indonesia, the
Democratic Republic of the Congo and Bangladesh (37-43 gd™), and
lowest in Pakistan, Ethiopia, Turkey, and the United States (<6 g d™).
National seafood intake was negatively correlated with unprocessed
red meatintake (r=-0.2) and not correlated with processed meat intake
(r=0.008).

Global, regional and national consumption of meats

The mean global consumption of unprocessed red meat in 2018 was
40 gd™(38,42; equivalent to 0.4 servings per day), varying with age at 3
gd™(3,4)inchildrenage<lyear,9gd™(8,9)in1-2years,19gd?(17,20)
in3-4years,38gd ™ (36,41) in5-9 years, 54 gd ™ (51,57) in10-14 years
and 59 gd™ (56, 63) in15-19 years (Fig. 1). By region, unprocessed red
meat consumption was highest across all ages in Central/Eastern
Europe and Central Asia, and Southeast and East Asia, and lowest in
South Asia and sub-Saharan Africa. Among the 20 most populous
countries, intakes ranged widely from 3 to 152 g d % highest in Russia,
China, Brazil and Vietnam, and lowest in India, Bangladesh, Ethiopia
and Uganda.

Globally, mean consumption of processed meat was 18 g d*
(15, 23; equivalent to 0.4 servings per day), with a 15-fold difference
acrossregions (from3gd™inSouth Asiato 44 gd™in Central/Eastern
Europe and Central Asia; Fig. 1). Among populous countries, national
intakes were highest in the Philippines, Indonesia, Brazil and Russia
(40-71g d™), and lowest in Bangladesh, Kenya, India and Tanzania
(s4gd™.

Across nationsin2018, unprocessed red meat and processed meat
were moderately correlated (r=0.5). In most countries, unprocessed
red meat consumption exceeded processed meat consumption; for
example, Papua New Guinea (231 versus 10 g d), Latvia (178 versus
47gd™), Montenegro (179 versus 52g d™), Croatia (219 versus 94 g d™)
and South Africa (135 versus 19 g d™). Notable exceptions included
Sierra Leone (9 versus 67 g d'), Mongolia (58 versus 114 g d™),
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Fig.1|Mean global and regional consumption of ASF in 2018 (servings per day) by age. One serving of unprocessed red meat =100 g; total processed meat=50 g;
seafood =100 g; egg =55 g; cheese =42 g; yogurt =245 g; and milk =245 g.
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Fig.2|Mean national consumption of total ASF (milk, cheese, yogurt, eggs, seafood, unprocessed red meat and processed meat) in 2018 (servings per day), by
age. Of185 countries, 68, representing 16.3% of the global child population, had mean ASF consumption of >3 servings per day.

the Philippines (24 versus 71 g d™), Armenia (52 versus 95 g d™) and
Georgia (13 versus 56 gd™).

Extended Data Figs. 1-7 show the consumption of each ASF
by age group.

Differences by sex, education and urbanicity
Globally, mean consumption of most ASF was similar among girls
compared withboys, except girls had slightly higher intakes of seafood
(+0.04 servings per week; 0.01, 0.07) and milk (+0.03 servings per
week; 0.01,0.06). These differences were generally consistent by age.
Mean intakes of all ASF globally were higher among children and
adolescents withmore educated parents. Inabsolute servings, global
differences by parental education were largest for milk (+1.7 servings
per week; 1.6, 1.9), followed by eggs (+0.7 servings per week; 0.6,
0.9), seafood (+0.5 servings per week; 0.4, 0.6), processed meat
(+0.4 servings per week; 0.08, 0.8), yogurt (+0.3 servings per week;
0.3, 0.4), cheese (+0.3 servings per week; 0.2, 0.3) and unprocessed
red meat (+0.2 servings per week; 0.2, 0.3; Fig. 3). Among different

world regions, the largest differences in absolute intakes by parental
education were seen for unprocessed red meat, seafood, eggs and
yogurt in sub-Saharan Africa; for milk and cheese in Latin America
and the Caribbean; and for processed meatin Southeast and East Asia.

Globally, children and adolescents residing in urban areas
consumed more ASF than those in rural areas. Largest global differ-
ences (absolute intakes) in urban versus rural consumption were for
processed meat (+0.6 servings per week; 0.06, 1.3) followed by
milk (+0.5 servings per week; 0.4, 0.7), eggs (+0.4 servings per
week; 0.3, 0.6), yogurt (+0.3 servings per week; 0.2, 0.6), seafood
(+0.2 servings per week; 0.09, 0.3), cheese (+0.2 servings per week;
0.02, 0.3) and unprocessed red meat (+0.2 servings per week;
0.1, 0.2; Fig. 4). The corresponding largest regional differences in
urban versus rural consumption were for unprocessed red meat, egg,
cheese and yogurt in Latin America and the Caribbean; processed
meat in Southeast and East Asia; seafood in Central/Eastern Europe
and Central Asia, and Latin America and the Caribbean; and milk in
high-income countries.
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Fig. 3| Mean global and regional difference in consumption of ASF according
to parental education in 2018, by age. One serving of unprocessed red meat
=100 g; total processed meat =50 g; seafood =100 g; egg =55 g; cheese =42 g;
yogurt =245 g; and milk =245 g. The absolute differences by parental education

were computed at the stratum level and aggregated to the global and regional
mean differences, comparing high education (=12 years) to low education
(<6years).
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Differences between 1990 and 2018

Between 1990 and 2018, mean total ASF consumption increased
globally by +0.5 servings per week (0.4, 0.6; Fig. 5). Intake increased
in all regions except sub-Saharan Africa, with the largest increase in
Southeast and East Asia. Among populous countries, absolute increases
were largest in Brazil (+1.8 servings per week; 1.6, 2.0), China (+1.8
servings per week; 1.6, 2.1), Vietnam (+1.6 servings per week; 1.2, 2.1)
and Mexico (+1.1servings per week; 1.0, 1.2). Decreases larger than
0.2 servings were seen in 32 of 185 countries, largest in Tanzania (-1.1
servings per week; -1.3,-0.9), Iran (-0.3 servings per week; -0.4,-0.2)
and Kenya (0.2 servings per week; -0.3,-0.2; Fig. 6). Global increases
intotal ASF consumption were higher at older ages, with increases of
+0.3 servings per week (0.2, 0.3) in children <1 year and +0.7 servings
per week (0.6, 0.8) inage 15-19 years.

Regional variation in trends for milk was substantial, from
increases of +2.4 servings per week in Latin America and the Caribbean
(2.2,2.6) and +0.3 servings per week in high-income countries (0.3, 0.4),
to no change in the Middle East and Northern Africa, and decreases
in sub-Saharan Africa (-0.03 servings per week; —0.06, —0.01; Fig. 5).
Among populous countries, Brazil experienced the largest increase
(+4.5 servings per week; 4.0, 5.2), followed by Mexico (+4.1 servings
perweek; 3.7,4.5), Turkey (+2.3 servings per week; 1.5, 3.6) and Russia
(+2.3 servings per week; 1.7, 3.0), while the largest decreases were in
the Philippines (-2.7 servings per week; 3.0, -2.4), Iran (-1.7 servings
per week; -1.9,-1.5) and Kenya (-0.9 servings per week; -1.0,-0.8).

Cheeseintakeincreased globally by +0.1servings per week (0.05,
0.2), with increased consumption in the high-income countries (+0.4
servings per week; 0.2,0.7),and Latin Americaand the Caribbean (+0.4
servings per week; 0.2, 0.5; Fig. 5). Among populous nations, largest
nationalincreases were in Mexico (+0.6 servings per week; 0.5,0.7), the
United States (+0.4 servings per week; 0.3,0.5), Iran (+0.3 servings per
week; 0.2,0.4) and Brazil (+0.2 servings per week; 0.1, 0.3); only Turkey
experienced a decrease (0.4 servings per week; —0.5, -0.3; Fig. 6).

Global yogurt consumption was stable between 1990 and 2018
(+0.02 servings per week; —0.01, 0.04; Fig. 5). Intakes did not substan-
tially increase or decrease in any region. Among populous nations,
intakesincreased in Mexico (+0.04 servings per week; 0.02,0.07), the
United States (+0.01 servings per week; 0.01, 0.02) and Egypt (+0.01
servings per week; 0.01, 0.03). A decrease in intake occurred in Iran
(-0.2servings per week; —0.3,-0.07), Turkey (-0.04 servings per week;
-0.08,-0.01) and Brazil (-0.03 servings per week; —0.06, -0.01).

Egg consumption doubled globally, increasing by +1.0 servings
per week (0.8, 1.2), with increases in all regions (range +0.3 to +2.8)
except high-income countries and sub-Saharan Africa, largest in
Southeast and East Asia (Fig. 5). Across populous countries, greatest
increases were in Vietnam (+4.8 servings per week; 3.4, 6.6), China
(+3.7 servings per week; 2.5, 5.2) and Mexico (+2.5 servings per week;
2.3,2.8). Greatest decreases were in Ethiopia (-0.5 servings per week;
-0.6,-0.4), Tanzania (—0.4 servings per week; —0.5,-0.3), Kenya (-0.4
servings per week; —0.4, —0.3) and the Democratic Republic of the
Congo (-0.1servings per week; —0.1,-0.09).

Globally, seafood intake increased by +0.2 servings per week
(0.1,0.2),asmall change but still representing anear doubling between
1990 and 2018 (Fig.5). The largest regional increase was +0.9 servings
per week (0.8,1.1) in Southeast and East Asia, and the largest decrease
was —-0.5 servings per week (-0.6, —0.4) in sub-Saharan Africa. Across
populous countries, greatestincreases were in Vietnam (+2.3 servings
perweek;1.6,3.3), China (+1.2 servings per week; 1.0,1.3), Bangladesh
(+0.9servings per week; 0.7,1.1) and Indonesia (+0.8 servings per week;
0.7,1.0). Largest decreases were in Tanzania (-7.6 servings per week;
-9.1,-6.3), the Philippines (-2.4 servings per week; -2.7,-2.2), Uganda
(-0.9 servings per week; -1.0, —0.8) and the Democratic Republic of
the Congo (-0.5servings per week; —0.6,-0.4).

Notably, unprocessed red meat intake only meaningfully increa-
sed in Southeast and East Asia (+3.9 servings per week; 3.5, 4.4) and

Latin Americaand the Caribbean (+1.2 servings per week; 1.1,1.3), while
itdeclinedin Central/Eastern Europe and Central Asia (-0.7 servings per
week; -1.0,-0.5; Fig. 5). Among populous countries, largest increases
were in China (+6.1 servings per week; 5.3, 6.9), Brazil (+2.4 servings
per week; 2.2,2.7), Mexico (+1.1servings per week; 1.0, 1.3) and Egypt
(+1.0 servings per week; 0.9, 1.1), and largest decreases were in Russia
(-1.5 servings per week; -1.8, -1.0), Iran (-1.0 servings per week;
-1.2,-0.9) and the United States (0.4 servings per week; -0.4,-0.3).
Increases in processed meat consumption occurred in 4 regions
(range +0.5to +1.5servings per week), withno change inthe Middle East
and Northern Africa, South Asia or sub-Saharan Africa (Fig.5). Among
populous countries, increases were seen in 11 of 25 nations, largest in
the Philippines (+6.2 servings per week; 4.9, 7.7), Brazil (+3.9 servings
per week; 2.9, 5.1) and Indonesia (+3.7 servings per week; 1.4, 6.3); and
adecrease only in Mexico (-0.7 servings per week; -1.0, —0.4).

Discussion

We systematically quantified ASF consumption among children and
adolescentsin 185 countriesin1990 and in 2018. Our results show that
global mean intake of total ASF was almost 2 servings per day in 2018
butvaried from <1serving per day in South Asiato >4 servings per day
in Central/Eastern Europe and Central Asia. Our findings also identified
substantial heterogeneity by type of ASF, age, parental education and
urbanversusrural residence. As ASF intake isimportant for both human
and planetary health, with differing impacts by life stage and type
of ASF, these findings are highly relevant to health and nutrition
professionals, scientists, policymakers, the private sector and the
public, and canbe used toinform policies and programmes toimprove
ASF consumption among specific population groups.

At global and regional levels, mean total ASF intake was lower at
younger ages. Generally, milk intake contributed around half of total
ASF servings in the youngest age groups, while intakes of ASF were
more variedin older age groups. Consumption of cheese, seafood and
especially yogurt generally contributed the fewest daily servings across
allages and regions. These findings demonstrate consistent shiftsinthe
types and quantities of ASF consumed as children and adolescents age
acrossthe globe. Theseresults also support theimportance of early life
interventions toimprove types of ASF consumption for optimal child-
hood health, dietary preferences for disease preventioninadulthood
and planetary health targets.

Infants and young children are particularly vulnerable to various
forms of undernutrition due to their high energy and nutrient needs,
smallstomachs and increased sensitivity to anti-nutrients®**. In addi-
tion to obvious manifestations such as stunting, poor diet during early
life may adversely affect metabolic health, cognitive performance,
physical activity and immune function, creating negative health and
economic consequences in adulthood”. The prevalence of micronu-
trient deficiencies including for iron, zinc, iodine, folate, vitamin A,
vitamin B12 and vitamin D are high globally, but disproportionately
impact childreninSouth Asia and sub-Saharan Africa® %, where intakes
of ASF were lowest. Organ meats, fish, eggs and ruminant meat are
micronutrient dense and can help address nutritional gaps among
children in low-income countries” ™. Yet, we found that intakes of
seafood, eggs and unprocessed red meat were very low among children
in South Asia and sub-Saharan Africa, and increased only slightly
overtime, highlighting the urgency of new dietary policies to address
childhood and adolescent malnutrition in these regions.

Childrenand adolescents’ intakes of ASF were highestin Central/
Eastern Europe and Central Asia, Latin America and the Caribbean,
and high-income countries. In adulthood, different ASF subtypes
have varying associations with diet-related chronic diseases, with
beneficial associations observed for fish, milk, cheese and yogurt,
generally neutral associations for eggs, and harmful associations for
red meat and especially processed meat'®. Additionally, compared
with ruminant meats (goat, lamb/mutton and especially beef), eggs,
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=42 g; yogurt =245 g; milk =245 g. The absolute difference between 2018 and
1990 was computed as the difference at the stratum level and aggregated to the
global and regional mean differences using weighted population proportions.
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was computed as the difference at the stratum level and aggregated to the global and regional mean differences using weighted population proportions for 2018.

dairy and seafood have lower environmental impacts, including for
greenhouse gas emissions, land use, energy use, acidification potential
and eutrophication potential®**, Yet, our results show that consump-
tion of red and processed meat was generally higher than other ASFin
theseregions, especiallyamong adolescents. Among populations with
adequate ASF consumption, substituting seafood and dairy in place of
meats would engender both human and planetary health benefits®.
Several studies have demonstrated nutritional benefits from
regularly consuming ASF during childhood®~%*, but mean ASF
consumption remains less than 2 servings per day, particularly in
low-income countries. Several factors may be a barrier to ASF intake,
including affordability, nutritional knowledge, parental education,
householdincome, household ownership of livestock and social norms
and beliefs*****, Our findings show higher ASF consumption among
children and adolescents with more educated parents, and children
and adolescents residing in urban areas. Similarly, the International
Study of Childhood Obesity, Lifestyle and the Environment study
reported that household socioeconomic status was related to children’s

dietary intakes across countries*’. Interestingly, we found that differ-
encesin ASF intake by both parental education and urbanicity tended
tobelarger atolder ages for all ASF subtypes. Considering our findings,
additional research examining the influence of parental education
and urbanicity on diet across childhood and adolescence is needed
within and across countries.

Previously, astudy of 130,432 children aged 6-23 months enrolled
in the Demographic Health Survey found that 50.7% of children 6-11
months, 66.4% 12-17 months and 69.8% 18-23 months consumed
at least 1 ASF per day®. Among this population, milk and red/white
meat were more commonly consumed than eggs or fish*, which
generally agrees with our results. Data from 41 countries collected
by the Gallup World Poll reported that most adolescents (=15 years
of age) consumed at least 1 ASF per day, but with less than 70% of
adolescents from Mozambique, Burkina Faso and Tanzania consum-
ing 1 ASF per day*.. Consistent with our findings, the percentage of
adolescents consuming at least 1 daily serving of unprocessed red
meat was highest in Vietnam and China*.
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Strengths of our study should be highlighted. Bayesian hierar-
chical modelling was used to incorporate data on >400 individual-
level surveys and address heterogeneity, and sampling and modelling
uncertainty®. We estimated intakes of several ASF subtypes, many
of which have not previously been systematically reported for
children>5years of age. We investigated global, regional and national
differences by important demographic characteristics, and over time.

Potential limitations should also be considered. Despite extensive
efforts to identify data on ASF intakes, survey availability was limited
for some ASF subtypes (for example, cheese and yogurt), age groups,
countries and years*>*., Differences in individual survey design and
dietary assessment required certain decisions about serving sizes,
food group definitions, energy adjustment and the disaggregation
of household-level data when standardizing the dietary surveys®.
However, our detailed standardization methods have previously
been reported to allow for transparency*>**. The GDD was originally
designed to estimate intakes of foods and nutrients with potential
causal relationships with non-communicable diseases. As the data
searches, extraction and harmonization did notinclude poultry, we are
notable to estimate poultryintake, but we plan to do thisin future itera-
tions of the GDD”. Consequently, the omittance of poultry intake may
underestimate total ASF consumption, particularly among children
and adolescents in high-income countries, Latin America and the
Caribbean, and China, where the per capita availability of poultry is
highest*. Although absolute intake of poultry is likely to be lowest
among children and adolescents in South Asia and sub-Saharan Africa®,
poultry consumption may contribute a substantial proportion of
total ASF among these populations. Additionally, we did not collect
data on breastfeeding or formula use, and we were unable to account
for energy intake from breastfeeding or formula among infants.
Lastly, individual-level dietary surveys are subject to sampling and
measurement bias, and despite incorporating additional uncertainty
in the Bayesian hierarchical models, these types of bias cannot be
ruled out*.

In conclusion, we found that global ASF consumption among
children and adolescents was approximately 2 servings per day,
but with substantial variation across regions, countries, age groups,
parental education level, urbanicity and the types of ASF consumed.

Methods

Data sources and retrieval

We produced comprehensive, comparable estimates of dietary
intakes of 53 major foods and nutrients in 185 countries as a part
of the GDD. Detailed methods and standardized data collection
have been reported®*****_In brief, we systematically searched for
individual-level national surveys for dietary intakes worldwide, with
additional dataobtained through communication withresearchersand
governmentauthorities*>. We prioritized nationally and sub-nationally
representative surveys, and surveys collected at the individual level
using standardized 24-hour recalls, food frequency questionnaires
or short standardized questionnaires (for example, Demographic
Health Survey questionnaire)*’. Surveys from large cohort studies or
household budget surveys in populous countries were selected when
nationally or sub-nationally representative individual-level surveys
were not identified*”. Surveys focused on special populations (for
example, pregnant women, lactating women, individuals with a specific
disease) were excluded*.

GDD 2018 incorporated 1,248 dietary surveys from 188 countries,
comprising 99% of the world’s population®. Data on ASF consumption
(milk, cheese, yogurt, eggs, seafood, unprocessed red meat, processed
red meat) were reported in 498 surveys?, including 429 with data on
children and adolescents, defined as between age 0 to 19 years (Sup-
plementary Table 3). These 429 surveys included 3.3 million children
from 125 countries, representing 93.1% of the global child population
(Supplementary Table 4). Most surveys were nationally representative

(88.1%), collected at the individual level (78.1%), and included data by
ruraland/or urbanresidence (71.1%) and by parental education (53.4%).

Data extraction and harmonization

Data were extracted for each survey using standardized methods on
survey characteristics and diet metrics, units, means and standard
deviations of intake, in subgroups jointly stratified by age group,
sex, parental education and urban/rural residence***. Standardized
protocols assessed data for extraction errors and survey quality includ-
ing selection bias, sample representativeness, response rate and valid-
ity of diet assessment method****. Data were standardized to mean
individual intakes using the average of all days of dietary assessment;
harmonized dietary definitions and units of measures across surveys;
and adjusting for total energy based on age-specific energy intakes?*,
For children <lyear of age, intakes were energy adjusted to 700 kcal d
for 1-<2 years, 1,000 kcal d*; for 2-5 years, 1,300 kcal d; for 6-10
years, 1,700 kcal d%; and for 11-19 years, 2,000 kcal d* (refs. 23,42).
Data harmonization and energy adjustment analyses were performed
using SASv9.4 (SAS Institute), Stata v14.0 (StataCorp LLC) and RStudio
v1.1.453 (RStudio).

Modelling and uncertainty

A Bayesian model was used to account for missingness, differences
in survey methods, representativeness, time and uncertainty®. The
model incorporated a nested hierarchical structure, with random
effects by country and region, globally, and jointly stratified for age
(<1,1-2,3-4,5-9,10-14,15-19years), sex (boys, girls), parental education
(<6yearsofeducation,>6to<12years, >12 years) and urbanicity (urban,
rural residence)?. For each ASF, primary model inputs were stratified
survey data on quantitative intakes, survey characteristics (dietary
assessment method, diet metric) and country-year-specific covari-
ates®. The model included overdispersion of survey-level variance
for surveys that were not nationally representative or not stratified
by smaller age groups (<10 years), sex, education or urbanicity. Uncer-
tainty of each stratum-specific estimate was quantified using 4,000
runs to determine posterior distributions of consumption jointly by
country, year and demographic subgroup®. The median intake and
95% uncertainty interval for each stratum were calculated from the
50th, 2.5th and 97.5th percentiles of the 4,000 draws, respectively®.
Validity was assessed by fivefold cross-validation (randomly omitting
20% of the raw survey data, run 5 times), comparing predicted versus
observed intakes; and by assessment of implausible estimates and
visual assessment of global heat maps?. A second time component
Bayesian model was used to strengthen differences in estimates over
time for diet factors with food or nutrient availability data (United
Nations Food and Agriculture Organization Food Balance Sheets*
and the Global Expanded Nutrient Supply project*®)?. The results
were based on these two Bayesian models, as described in detail in the
Supplementary Information. Analyses were completed using RStudio
v3.3and Stan v2.29.

Statistical analysis

The model estimated mean intake of each ASF and its statistical
uncertainty for each of the 72 population strata (jointly by age group,
sex, education and urbanicity) from 185 countries, for 1990 and 2018.
Using data on population weights, we estimated global, regional,
national and within-country population subgroup intakes of ASF by
calculating population-weighted averages of the stratum-specific
estimates for each of the 72 demographic stratain each country-year®.
Population weights for each stratum in 1990 and 2018 were derived
from the United Nations Population Division*, with supplemental
data on education and urbanicity from Barro-Lee’® and the United
Nations?*". Intakes were calculated as grams per day and servings
per day or week using standardized portion sizes?. A serving size
of milk was defined as 245 g; 42 g for cheese; 245 g for yogurt; 55 g
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for eggs; 100 g for seafood; 100 g for unprocessed red meat; and
50 g for total processed meat. Spearman correlations evaluated rela-
tionships between mean intakes of different ASF. When comparing
subgroups and trends over time, absolute differences in consumption
were calculated using all 4,000 posterior predictions at each stratum
level to incorporate the full spectrum of uncertainty?. Differences
inintakes between 1990 and 2018 were standardized to the 2018 popu-
lation weights to account for changes in demographics over time*.

Ethics statement

This modelling study was exempt from ethical review board approval
because it was based on published dataand nationally representative,
de-identified data sets without personally identifiable information.
Individual surveys underwent ethical review board approval required
for the applicable local context.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The modelled estimates are available for download from the Global
Dietary Database (https://www.globaldietarydatabase.org/). Survey-
level information and original data download weblinks are also pro-
vided for all public surveys; and survey-level microdataor stratum-level
aggregate data are provided for direct download for all non-public
surveys granted consent for public sharing by the data owner. Dataon
national food and nutrient supplies are available for download from
the United Nations Food and Agriculture Organization (https://www.
fao.org/faostat/en/#data) and the Global Expanded Nutrient Supply
(GENuS) model dataset (https://dataverse.harvard.edu/dataverse/
GENuS). Dataon population demographics are available for download
from the United Nations Population Division (https://population.
un.org/wpp/DataQuery/).

Code availability
The statistical coding is available from the corresponding author on
reasonable request.
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Extended Data Fig. 1| National milk intake (g/d) from 185 countries, by milk (245 g) daily (representing 7.7% of the global child population), and 21 of
age. Of 185 countries, 20, representing 867 million or 34.0%, had intakes <1 185 (representing 10.7% of the global child population) had mean intakes of <1
serving per day. Of 185 countries, 22 had meanintakes of at least one serving of serving per week.
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Extended Data Fig. 2| National cheese intake (g/d) from 185 countries, by age. Of 185 countries, 8 had mean intakes of at least one serving of cheese (42 g) daily
(representing <1% of the global child population), and 88 of 185 (representing 75.7% of the global child population) had meanintakes of <1 serving per week.
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Extended Data Fig. 3| National yogurt intake (g/d) from 185 countries, by age. Of 185 countries, 25 had mean intakes of >2 servings of yogurt (245 g) per week
(representing 5.2% of the global child population).
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Extended Data Fig. 4 | National egg intake (g/d) from 185 countries, by age. Only 5 0of 185 countries consumed >1 egg (55 g) daily, representing 0.9% of the global
child population, and 410f 185 (representing 41.3% of the global child population) consumed <1serving per week.

Grams per day

Nature Food


http://www.nature.com/natfood

Article https://doi.org/10.1038/s43016-023-00731-y

1 to 2 years

0 10 20 30 40 50 60 70 80 — —= g 10 20 30 40 50 60 70 80
Extended Data Fig. 5| National seafood intake (g/d) from 185 countries, by age. Only 8 of 185 countries consumed a mean of >2 servings of seafood (100 g each)
per week, representing 2.0% of the global child population, while 56 countries representing 1.2 billion children (45.3% of the global child population) had mean intakes
of <1serving per week.
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Extended Data Fig. 6 | National unprocessed red meat intake (g/d) from 185 countries, by age. Of 185 countries, 14 (representing 17.9% of the global child
population) had mean consumption of >1 serving of unprocessed red meat (100 g) per day, and 24 of 185 (representing 33.5% of the global child population) had mean
consumption of <1serving per week.
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Extended Data Fig. 7 | National processed meat intake (g/d) from 185 countries, by age. Of 185 countries, 28 (representing 9.2% of the global child population) had
mean intakes of > 1serving of processed meat (50 g) daily, and 37 of 185 (representing 44.6% of the global child population) had mean intakes of <1 serving per week.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name, describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  SAS Version 9.4, and Stata 12

Data analysis R Studio v3.3, Stan v2.29

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The modelled estimates are available for download from the Global Dietary Database (https://www.globaldietarydatabase.org/). Survey-level information and
original data download weblinks are also provided for all public surveys; and survey-level microdata or stratum-level aggregate data are provided for direct
download for all non-public surveys granted consent for public sharing by the data owner. Data on national food and nutrient supplies are available for download
from the United Nations Food and Agriculture Organization (https://www.fao.org/faostat/en/#data) and the Global Expanded Nutrient Supply (GENuS) model




dataset (https://dataverse.harvard.edu/dataverse/GENuS). Data on population demographics are available for download from the United Nations Population
Division (https://population.un.org/wpp/DataQuery/).

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender Our study reports animal source food consumption by sex. Data on gender was not collected or reported.

Population characteristics GDD 2018 incorporated 1,248 dietary surveys from 188 countries, comprising 99.0% of the world’s population. Data on ASF
consumption (milk, cheese, yogurt, eggs, seafood, unprocessed red meat, processed red meat) was reported in 498 surveys,
including 429 with data on children, defined as between age 0 to 19 years. These 429 surveys included 3.3 million children
from 125 countries, representing 93.1% of the global child population . Most surveys were nationally representative (88.1),
collected at the individual-level (78.1%), and included data by rural and/or urban residence (71.1%) and by parental
education (53.4%).

Recruitment Not applicable.

Ethics oversight Not applicable.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences |X| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description We conducted a Bayesian hierarchical modeling study. First, we systematically searched, identified, extracted and harmonized
publicly available and privately-held dietary surveys. To account for differences in survey methods, representativeness, time trends,
input data, and uncertainty, a Bayesian model estimated the log-means of dietary intake (mean and standard deviation) within a
nested hierarchical structure. The model included random effects by country, region, and globally; sex, education, urban/rural
residence, and non-linear age effects; survey-level indicator data for dietary assessment method (24-hr recall, FFQ, Demographic
Health Survey (DHS) questionnaire, household budget survey) and type of dietary metric (optimal or suboptimal definition); and
national year-specific covariate data relevant to each dietary factor. The model included overdispersion of study-level variance for
surveys that were not nationally representative or not stratified by sex, education, urbanicity, or small age groups (<10 years). The
model estimated mean intake of each ASF and its statistical uncertainty for each of the 72 population strata from 185 countries, for
1990 and 2018.

Research sample The research sample consists of dietary surveys identified through systematic searches and personal communication with survey
owners. The GDD incorporated 1,248 dietary surveys from 188 countries, comprising 99.0% of the world’s population. Data on ASF
consumption (milk, cheese, yogurt, eggs, seafood, unprocessed red meat, processed red meat) was reported in 498 surveys,
including 429 with data on children, defined as between age 0 to 19 years. These 429 surveys included 3.3 million children from 125
countries, representing 93.1% of the global child population . Most surveys were nationally representative (88.1%), collected at the
individual-level (78.1%), and included data by rural and/or urban residence (71.1%) and by parental education (53.4%).

Sampling strategy We systematically searched for individual-level national surveys for dietary intakes worldwide, with additional data obtained through
communication with researchers and government authorities. We prioritized nationally and sub-nationally representative surveys,
and surveys collected at the individual level using standardized 24-hr recalls, food frequency questionnaires (FFQ), or short
standardized questionnaires (e.g., Demographic Health Survey [DHS] questionnaire). Surveys from large cohort studies or household
budget surveys in populous countries were selected when nationally or sub-nationally representative individual-level surveys were
not identified. Surveys focused on special populations (e.g., pregnant women, lactating women, individuals with a specific disease)
were excluded.

Data collection Standardized protocols were used to identify, extract, and analyze data in a systematic and comparable manner. For privately owned
surveys, survey characteristics were retrieved using a standardized electronic form, including data on survey name, country, years
performed, sampling methodology, response rate, national representativeness, level of data collection (individual- or household-
level), dietary assessment method and validation, sample size, population demographics (age, sex, education, urban/rural residence,
pregnancy/lactation status), and definitions and measurement units of dietary factors. Individual-level microdata were retrieved as
SAS, or STATA files. Aggregate stratum-level dietary intake data were collected using standardized electronic spreadsheets, including
data on stratum sample size and means, standard deviations, and 10th, 25th, 50th, 75th, and 90th percentiles of intake for each
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dietary factor, jointly stratified by age, sex, education and urban/rural strata, as available. Data from publicly available surveys were
retrieved using a similar standardized electronic spreadsheet as for the privately owned surveys. For each survey in the GDD, we
assessed the credibility of information obtaining relating to survey characteristics, including survey name, country, years performed,
sampling methods, response rate, national representativeness, level of data collection (individual or household), dietary assessment
method and validation, sample size, population demographics (age, sex, education, urban/rural residence, pregnancy/lactation
status), and definitions and units of dietary factors. We evaluated dietary intakes adjusted to age-standardized energy intakes to
assess dietary composition independently of quantity, account for estimated age-specific average requirements, and reduce
measurement error within and across surveys. The research team was not blinded to the study hypothesis.

Timing Systematic searches were conducted between May 2008-September 2010 and November 2014-May 2017 to identify dietary surveys.
We included surveys conducted between 1980 and 2016.

Data exclusions Surveys focused on special populations (e.g., pregnant women, lactating women, individuals with a specific disease), conducted prior
to 1980 or after 2016 were excluded.

Non-participation The study is an analysis of existing observational studies.

Randomization The study is an analysis of existing observational studies and randomization is not applicable.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies X[ ] chip-seq
Eukaryotic cell lines |Z| |:| Flow cytometry
Palaeontology and archaeology |Z| |:| MRI-based neuroimaging
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