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ABSTRACT

OBJECTIVE

To quantify global intakes of sugar sweetened
beverages (SSBs) and trends over time among
children and adolescents.

DESIGN

Population based study.

SETTING

Global Dietary Database.

POPULATION

Children and adolescents aged 3-19 years in 185
countries between 1990 and 2018, jointly stratified
at subnational level by age, sex, parental education,
and rural or urban residence.

RESULTS

In 2018, mean global SSB intake was 3.6
(standardized serving=248 g (8 0z)) servings/week
(1.3 (95% uncertainly interval 1.0 to 1.9) in south Asia
to 9.1 (8.3 to 10.1) in Latin America and the
Caribbean). SSB intakes were higher in older versus
younger children and adolescents, those resident in
urban versus rural areas, and those of parents with
higher versus lower education. Between 1990 and
2018, mean global SSB intakes increased by 0.68
servings/week (22.9%), with the largest increases in
sub-Saharan Africa (2.17 servings/week; 106%). Of
185 countries included in the analysis, 56 (30.3%)
had a mean SSB intake of >7 servings/week,
representing 238 million children and adolescents,
or 10.4% of the global population of young people.
CONCLUSION

This study found that intakes of SSBs among children
and adolescents aged 3-19 years in 185 countries
increased by 23% from 1990 to 2018, parallel to the
rise in prevalence of obesity among this population
globally. SSB intakes showed large heterogeneity
among children and adolescents worldwide and by
age, parental level of education, and urbanicity. This
research should help to inform policies to reduce SSB
intake among young people, particularly those with
larger intakes across all education levels in urban
and rural areas in Latin America and the Caribbean,
and the growing problem of SSBs for public health
in sub-Saharan Africa.

Introduction

In 2015, obesity was estimated to affect more than
100 million children and adolescents, in line with
observed increases in body mass index among this
population from 1975 to 2016 in most world
regions.! 3 Among the main risk factors for obesity,
unhealthy diets play a crucial role.? In particular,
intake of sugar sweetened beverages (SSBs) has been
consistently reported to increase the risk of obesity
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among children and adolescents.?3 This is especially
concerning because obesity in childhood tends to
persist into adulthood, increasing the risk of type 2
diabetes, cardiovascular disease, and premature
mortality.” Explanations for the increase in intake of
SSBs include globalization of markets, transformation
of food systems, aggressive marketing strategies
directed at children and adolescents, and lack of (or
poor) regulatory measures to limit intake.5 © In studies
at national and subnational level, policies and
strategies such as taxation on sugar sweetened
drinks, restrictions on food marketing, regulations
for front-of-package labeling, and restrictions at
school level have proven to curb the intake of SSBs
among children and adolescents.® 8

Although quantifying the intake of SSBs among
children and adolescents is critical to further evaluate
the impact of these beverages on disease and the
effectiveness of policies to control intake, recent
national estimates among young people are
unavailable for most countries.® The lack of such data
prevents an analysis of the trends in SSB intake over
time, as well as the role of key sociodemographic
factors such as age, sex, education, and urbanicity
to more accurately inform current and future policies.
In this study we present SSB intakes among children
and adolescents aged 3-19 years at global, regional,
and national level and trends over time from 1990 to
2018, jointly stratified at subnational level by age,
sex, parental level of education, and area of
residence.

Methods
Study design

This investigation is based on a serial cross sectional
analysis of SSB intakes from the Global Dietary
Database 2018 for 185 countries. Details on the
methods and standardized data collection protocol
are described in detail elsewhere.” 3 Compared with
the Global Dietary Database 2010, innovations include
major expansion of individual level dietary surveys
and global coverage up to 2018; inclusion of new data
jointly stratified at subnational level by age, sex,
education level, and urban or rural residence; and
updated modeling methods, covariates, and
validation to improve prediction of stratum specific
mean intakes and uncertainty. This present analysis
focused on children and adolescents aged 3-19 years.

Data sources

The approach and results of our survey search
strategy by dietary factor, time, and region are
reported in detail elsewhere.!* We performed
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systematic online searches for individual level dietary surveys in
global and regional databases: PubMed, Embase, Web of science,
LILACS, African Index Medicus, and the South-east Asia Index
Medicus, using search terms “nutrition” or “diet” or “food habits”
or “nutrition surveys” or “diet surveys” or “food habits”[mesh] or
“diet”[mesh] or “nutrition surveys”[mesh] or “diet surveys”[mesh]
and (“country of interest”). Additionally, we identified surveys
through extensive personal communications with researchers and
government authorities throughout the world, inviting them to be
corresponding members of the Global Dietary Database. The search
included surveys that collected data on at least one of 54 foods,
beverages, nutrients, or dietary indices, including SSBs. A single
reviewer screened identified studies by title and abstract, arandom
subset of articles was screened by a second reviewer to ensure
consistency and accuracy, and a third reviewer screened studies to
ensure that survey inclusion criteria were met. Surveys were
prioritized if they were performed at national or subnational level
and used individual level dietary assessments with standardized
24 hour recalls, food frequency questionnaires, or short standardized
questionnaires (eg, Demographic Health Survey questionnaires).
When national or subnational surveys at individual level were not
identified for a country, we searched for individual level surveys
from large cohorts, the World Health Organization (WHO) Global
Infobase, and the WHO Stepwise Approach to Surveillance database.
When individual level dietary surveys were not identified for a
particular country, we considered household budget surveys. We
excluded surveys focused on special populations (eg, exclusively
pregnant or nursing mothers, individuals with a specific disease)
or cohorts (eg, specific occupations or dietary patterns).
Supplementary methods 1-3, supplementary tables 1-2, and
supplementary figure 1 provide additional details on the methods.
The final Global Dietary Database model incorporated 1224 dietary
surveys from 185 countries, with 89% representative at national or
subnational level, thus covering about 99.0% of the global
population in 2018. Among these, 450 surveys reported data on
SSBs, 85% of which provided individual level data. These 450
originated from 118 countries and surveyed a total of 2.9 million
individuals, with 94% being representative at national or
subnational level (see supplementary tables 4 and 5). Supplementary
data 1 provides details on the characteristics of the survey.

Data extraction

For each survey, we used standardized methods to extract data on
survey characteristics and dietary metrics, units, and mean and
standard deviation of intake by age, sex, education level, and urban
or rural residence (see supplementary methods 1).! All intakes are
reported adjusted to 5439 kilojoules (kJ) daily (1300 kilocalories
(kcal) daily) for ages 3-5 years, 7113 kJ/day (1700 kcal/day) for ages
6-10 years, and 8368 kJ/day (2000 kcal/day) for ages 11-19 years.
SSBs were defined as any beverages with added sugars and 2209 kJ
(50 kcal) for each 237 g serving, including commercial or homemade
beverages, soft drinks, energy drinks, fruit drinks, punch, lemonade,
and aguas frescas. This definition excluded 100% fruit and vegetable
juices, non-caloric artificially sweetened drinks, and sweetened
milk. All included surveys used this definition.

Data modeling

Our model estimates intakes of SSBs for years for which we have

survey data available. To incorporate and deal with differences in
data comparability and sampling uncertainty, we used a bayesian
model with a nested hierarchical structure (with random effects by
country and region) to estimate the mean consumption of SSBs and
its statistical uncertainty for each of 264 population strata across

185 countries for 1990, 1995, 2000, 2005, 2010, 2015, and 2018. Our

model incorporated seven world regions: central and eastern Europe
and central Asia, high income countries, Latin America and the
Caribbean, the Middle East and north Africa, south Asia, southeast
and east Asia, and sub-Saharan Africa. Our team and others (eg,
the Global Burden of Disease study) have previously used this (or
similar) classification for world regions, which aims to group nations
by general similarities in risk profiles and disease outcomes.
Although the current analysis only focuses on children and
adolescents aged 3-19 years, the model used all age data to generate
the strata predictions. Modeling all age groups jointly allows the
use of the full set of available data and covariates to inform
estimates, including age patterns, relationships between predictors
and SSB intakes, and influence of covariates (eg, dietary assessment
methods).

Primary inputs were the survey level quantitative data on SSB
intakes (by country, time, age, sex, education level, and urban or
rural residence), survey characteristics (dietary assessment method,
type of dietary metric), and country-year specific covariates (see
supplementary methods 2). 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 level, or urbanicity. Survey level covariates addressed
potential survey bias, and the overdispersion parameter
non-sampling variation due to survey level error (from imperfect
study design and quality). The model then estimated intakes jointly
stratified by age (<1, 1-2, 3-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34,
35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84,
85-89, 90-94, 295 years), sex, education (<6 years, >6-12 years, >12
years), and urbanicity (urban, rural). For children and adolescents
(age <20 years) the stratification by education refers to parental
education.

The uncertainty of each stratum specific estimate was quantified
using 4000 Monte Carlo iterations to determine posterior predictive
distributions of mean intake jointly by country, year, and
sociodemographic subgroup. We computed the median intake and
the 95% uncertainty interval (UI) for each stratum as the 5oth, 2.5th,
and 97.5th percentiles of the 4000 draws, respectively. For model
selection and validation, we compared results from fivefold cross
validation (randomly omitting 20% of the survey data at the stratum
level and using that to evaluate predictive ability, run five times),
compared predicted country intakes with survey observed intakes,
assessed implausible estimates (see supplementary table 2), and
visually assessed global and national mean intakes using heat maps.

A second bayesian model was used to strengthen time trend
estimates for dietary factors (including SSBs) with corresponding
available date on food or nutrients from the Food and Agriculture
Organization’s food balance sheets'# or the Global Expanded
Nutrient Supply dataset.’> No time component was formally included
in the model; rather, time was captured by the underlying time
variation in the model covariates. This second model incorporated
country level intercepts and slopes, along with their correlation
estimated across countries. The model is commonly referred to as
avarying slopes model structure, and it leverages two dimensional
partial pooling between intercepts and slopes to regularize all
parameters and minimize the risk of overfitting.'° '7 The final
presented results are a combination of these two bayesian models,
as detailed in supplementary methods 3.

Statistical analysis

Global, regional, national, and within country population subgroup
intakes of SSBs and their uncertainty were calculated as population
weighted averages using all 4000 posterior predictions for each of
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the 264 demographic strata in each country-year. Population weights
for each year were derived from the United Nations (UN) Population
Division,'® supplemented with data for education and urban or
rural status from Barro and Lee'® and the UN.>°

Intakes were calculated as 248 g (8 0z) servings weekly, or two thirds
of a common 355 mL (12 0z) can of a sugar sweetened drink weekly.
Absolute changes and percentage changes in consumption between
1990 and 2005, 2005 and 2018, and 1990 and 2018 were calculated
at the stratum specific prediction level to account for the full
spectrum of uncertainty and standardized to the proportion of
individuals within each stratum in 2018 to account for changes in
population characteristics over time. Stratum specific predictions
were summed to calculate the differences in intake between all
children and adolescents aged 3-19 years, high and low parental
education (>12 years and <6 years, respectively), and urban and
rural residence, further stratified by sex, age, parental education,
and area of residence, as appropriate.

National intakes of SSBs and trends were assessed by
sociodemographic development index, including trends over time
between 1990 and 2005, 2005 and 2018, and 1990 and 2018. The
sociodemographic development index is a measure of the
development of a country or region, ranging from o to 1, with o
representing the minimum level and 1 the maximum level of
development of a given nation, and it is based on income per capita,
average educational attainment, and fertility rates.?* Our Uls are
derived from a bayesian model and can be interpreted as at least
95% probability that the true mean is contained within the interval.
For comparisons between groups (or over time), if the 95% UI of
the difference (or change over time) does not include zero, this can
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be interpreted as at least 95% probability of a true difference. No
hypothesis testing was conducted, as estimation with uncertainty
has been recognized as a more informative approach.??

Patient and public involvement

No patients or members of the public were involved in the study as
we did not collect data directly from individuals, the funding source
did not provide support for direct patient and public involvement,
and the study was initiated before patient and public involvement
was common. The present analysis used modeled data derived from
dietary data that had been previously collected, and we engaged
with a diverse set of 320 corresponding members in nations around
the world.

Results
Global, regional, and national SSB intakes in 2018

In 2018, the mean global intake of SSBs among children and
adolescents was 3.6 (standardized serving=248 g (8 0z))
servings/week (95% UI 3.3 to 4.0), with wide (sevenfold) variation
across world regions, from 1.3 servings/week (1.0 to 1.9) in south
Asia to 9.1 (8.3 to 10.1) in Latin America and the Caribbean (table
1). Among the 25 countries with the largest population of children
and adolescents worldwide, mean highest intakes were in Mexico
(10.1 (9.1 to 11.3)), followed by Uganda (6.9 (4.5 to 10.6)), Pakistan
(6.4 (4.3 t0 9.7)), South Africa (6.2 (4.7 to 8.1)), and the US (6.2 (5.9
t0 6.6)); while the lowest intakes were in India and Bangladesh (0.3
servings/week each) (fig 1, also see supplementary figure 9). Of the
185 countries included in the analysis, 56 (30.3%) had mean SSB
intakes of >7 servings/week, representing 238 million young people
aged 3-19 years, or 10.4% of the global population for this age group.
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Table 1| Global and regional mean intake of SSBs (248 g (8 0z) serving/week) in children and adolescents aged 3-19 years, by age, sex, parental education,
and area of residence across 185 countries in 2018

Mean (95% UI)
Central and S . . .
Worldwide eastern Europe HI?:ul:tcr (i)(:e Laﬂ::eACl:sEtc)Z::d Mlgg:fhE:?rti::d South Asia* Sot;t:;a:;i:nd Sub-Saharan Africa
and central Asia*

Overall 36 (3.3t04.0) 40(35t04.7) 50 (481t05.2) 9.1(83t010.1) 73 (6.2t08.9) 13(1.0t01.9) 21(1.8t025) 42(33t053)
Sex

Female 36(32t039) 38(3.3t045) 45(43t04.8) 8.8(791t09.8) 73(62t09.0) 13(09t019) 21(1.8t025) 41(321t05.3)
Male 37 (B4t04) 42(3.61t050) 54(521057) 9.5(8.5t010.5) 73(61t089) 14(1.0t019) 21(1.8t025) 43(331055)
Age (years)

3-4 18(1.6t02.1) 14(1.0t019) 19 (1.7t02.0) 44(40105.0) 33 (27t04.0) 17(12t02.5) 09(0.7t012) 14(1.0t019)
59 32(29t03.6) 34(29t042) 40(38104.2) 8.0 (7.2t089) 6.8 (58t08.3) 14(1.0t02.0) 19 (1.6t02.2) 33(25t044)
10-14 43(39t04.7) 51(45t06.1) 6.0 (5.7106.3) 10.6 (9.6 to 11.8) 92(7.8t01.2) 12(09101.8) 26((22t03.0) 53 (41t06.8)
15-19 46 (42t05.7) 54(47106.4) 6.7 (64t07.1) 115(104t0127) 9.0 (7.6t011.0) 11(0.8t01.6) 25(21t03.0) 6.6 (5210 8.4)

Parental education level
0-6 years (low) 32(2.8t03.6) 40 (31t05.2) 51(47t055) 83 (741t09.5) 8.0(6.5t010.3) 11(0.7t01.6) 20(1.7t025) 34(2.61t045)

Z?{ggiﬁrs 38341042  43(361052)  52(49t055 97(8610109) 70(60t082)  11(08t017)  20(18t024)  59(45t077)
»12 years (high) 46431051  38(32t045) 49461051  98(@85toM4)  57(491068)  45(30t071)  23(Q1t027) 63 (461086)
Area of residence

Rural 27041031  44(361054)  50(48t052) 88(7810100) 83(66t0110) 06(05t009)  21(181026)  36(28t046)
Urban 46(421050) 38(33t044)  50(47t053) 92(8310102) 68(9t079)  28(19t043)  20(181024)  52(391069)

SSB=sugar sweetened beverage; Ul=uncertainty interval.

The standardized serving size used for this analysis was a 248 g (80z) serving. All intakes are reported adjusted to 5439 kJ/day (1300 kcal/day) for ages 3-5 years, 7113 kJ/day (1700 kcal/day) for ages
6-10 years, and 8368 kJ/day (2000 kcal/day) for ages 11-19 years. Data are based on a bayesian model that incorporated up to 451 individual level dietary surveys, and additional survey level and
country level covariates, to estimate dietary consumption levels. Overall SSB intake was defined as any beverage with added sugars and 2209 kJ (50 kcal) per 237 g serving, including commercial or
homemade beverages, soft drinks, energy drinks, fruit drinks, punch, lemonade, and aguas frescas. This definition excluded 100% fruit and vegetable juices, non-caloric artificially sweetened drinks,
and sweetened milk.

*In previous Global Dietary Database reports, the region central or eastern Europe and central Asia was referred to as the former Soviet Union, and southeast and east Asia was referred to as Asia.
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Fig 1| National mean intakes of SSBs (standardized 248 g (8 0z) serving/week for this analysis) in children and adolescents aged 3-19 years across 185 countries in 2018.
SSBs were defined as any beverage with added sugars and 2209 kJ (50 kcal) per 237 g serving, including commercial or homemade beverages, soft drinks, energy drinks,
fruit drinks, punch, lemonade, and aguas frescas. This definition excludes 100% fruit and vegetable juices, non-caloric artificially sweetened drinks, and sweetened milk. For
this visual representation, values were truncated at 21 servings/week to better reflect the distribution of intakes globally. The figure was created using the rworldmap package

(v1.3-6). SSB=sugar sweetened beverage

SSBintake by sex and age in 2018

Globally, regionally, and nationally, SSB intakes between male and
female children and adolescents aged 3-19 years did not differ
noticeably, as observed by the 95% UI of the differences including
zero (table 1, also see supplementary tables 7 and 8). Intake of SSBs
in young people was greater with increasing age globally and
regionally, although with varying magnitude of these differences
by region (table 1 and fig 2). For instance, intakes of SSBs exceeded
9 servings/week among children aged =10 years in Latin America
and the Caribbean and in the Middle East and north Africa but were
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just over 1 serving/week among young people of the same age in
south Asia. Regionally, patterns of intake by age were similar
between young people (see supplementary figure 2). Considering
both age and region, the highest weekly intakes of SSBs were in
Latin America and the Caribbean in 15-19 year olds (11.5
servings/week) and lowest in southeast and east Asia in 3-4 year
olds (0.9 servings/week) (table 1). Among the 25 most populous
countries, the highest intakes of SSBs were in Mexico among 10-14
year olds (11.9 servings/week) and 15-19 year olds (12.8
servings/week) and lowest in Kenya and China among 3-4 year olds
(0.2 servings/week each) (supplementary table 6).
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SSB intake by parental education and urbanicity in 2018

Intakes of SSBs were greater in children and adolescents from urban
areas than those from rural areas (4.6 servings/week (4.2 to 5.0) v
2.7 servings/week (2.4 to 3.1); table 1). When parental education
and area of residence was assessed jointly, globally the highest
intakes of SSBs were among children and adolescents of parents
with high education in urban areas (5.15 servings/week (4.76 to
5.64)), representing 11.2% of the global population of children and
adolescents (fig 3). Regionally, a similar pattern was observed in
Latin America and the Caribbean, south Asia, and sub-Saharan

Africa, with the largest intakes of SSBs in children and adolescents
of parents with high and medium education in urban and rural
areas in Latin America and the Caribbean (>9 servings/week each),
representing 56% of the population of children and adolescents in
that region. Intakes of SSBs by area of residence and education were
inverted in the Middle East and north Africa, with larger intakes
among children and adolescents from rural areas and of parents
with lower education, and little variation was observed in other
world regions. See supplementary tables 7, 9, and 10, supplementary
figures 3 and 4, and supplementary results for further details on
SSB intakes by parental education and area of residence.
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Fig 3 | Global and regional mean SSB intakes (standardized 248 g (8 0z) serving/week for this analysis) in children and adolescents aged 3-19 years by area of residence
and parental education level in 2018. SSBs were defined as any beverage with added sugars and 2209 kJ (50 kcal) per 237 g serving, including commercial or homemade
beverages, soft drinks, energy drinks, fruit drinks, punch, lemonade, and aguas frescas. This definition excludes 100% fruit and vegetable juices, non-caloric artificially
sweetened drinks, and sweetened milk. Error bars represent 95% Uls. Values were truncated at 11.5 servings/week to better reflect the distribution of intakes. Upper 95%
Uls above that value are shown with a dashed line. In previous Global Dietary Database reports, the region central and eastern Europe and central Asia was referred to as
the former Soviet Union, and southeast and east Asia was referred to as Asia. SSBs=sugar sweetened beverages; Ul=uncertainty interval

Trendsin SSB intake during 1990-2005, 2005-18, and 1990-2018

Supplementary tables 11-14 and supplementary figures 5-8 show
absolute global, regional, and national intakes of SSBs for 1990 and
2005. Globally, from 1990 to 2018, intakes among children and
adolescents increased by 0.68 servings/week (95% Ul 0.54 to 0.85;
22.9%) (fig 4, also see supplementary data 2). The magnitude of
global increase was similar from 1990 to 2005 (0.33 (0.25 t0 0.43);
11.0%) and from 2005 to 2018 (0.35 (0.26 t0 0.47); 10.7%). However,
regionally, changes did not follow the same global pattern. Between
1990 and 2005, increases in intakes of SSBs were observed in most
regions, with the largest increase in high income countries (1.48
(1.37 t0 1.60); 29.1%), little change in central and eastern Europe
and central Asia and in south Asia, and a decrease in Latin America
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and the Caribbean (-1.20 (-1.54 to —0.88); —12.7%). More recently,
from 2005 to 2018, increases continued in most regions, with the
largest in sub-Saharan Africa (1.38 (1.01 to 1.85); 49.2%), except for
south Asia where little change was evident and high income
countries where intakes decreased (-1.59 (—1.71 to —1.47); —24.1%).
In the overall period from 1990 to 2018, the largest regional increase
was in sub-Saharan Africa (2.17 (1.60 to 2.88); 106%), with other
world regions showing steady, more modest increases over time.
Exceptions were high income countries and Latin America and the
Caribbean, where intakes increased after 1990 and then decreased
close to 1990 levels by 2018. The supplementary results and
supplementary table 15 describe regional trends over time by age,
sex, parental education, and urbanicity.
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Fig 4 | (Top panel) Mean SSB intakes (standardized 248 g (8 0z) serving/week for this analysis) by world region in 1990, 2005, and 2018, and absolute changes from 1990
t0 2005, 2005-18, and 1990-2018 in children and adolescents aged 3-19 years. (Bottom panel) Absolute changes in SSB intakes from 1990-2005, 2005-18, and 1990-2018.
SSBs were defined as any beverage with added sugars and 2209 kJ (50 kcal) per 237 g serving, including commercial or homemade beverages, soft drinks, energy drinks,
fruit drinks, punch, lemonade, and aguas frescas. This definition excludes 100% fruit and vegetable juices, non-caloric artificially sweetened drinks, and sweetened milk.
Error bars represent 95% Uls. In previous Global Dietary Database reports, the region central and eastern Europe and central Asia was referred to as the former Soviet Union,
and southeast and east Asia was referred to as Asia. SSBs=sugar sweetened beverages; Ul=uncertainty interval

Among the 25 most populous countries, the largest increase from
1990 to 2005 was in the US (2.95 (2.73 t0 3.17); 43.2%) and the largest
decrease was in Brazil (-3.42 (-3.95 to —2.97); —40.6%) (see
supplementary data 2 and supplementary figure 9). From 2005 to
2018, the largest increase was in Uganda (4.30 (2.31 to 7.39); 173%),
and the largest decrease was in the US (-3.55 (-3.81 to -3.30);
-36.4%). Overall, between 1990 and 2018, the largest increased was
in Uganda (6.73 (4.38 t0 10.39); 5573%) and the largest decrease was
in Brazil (-3.29 (-3.79 to —2.86); —39.0%) (see supplementary data
2 and supplementary figure 10). The supplementary results and
supplementary tables 16-19 show trends over time within the 25

most populous countries by age, sex, parental education, and
urbanicity.

SSBintakes and trends by sociodemographic developmentindex
and obesity

In 1990 and 2005 a positive correlation was evident between national
intakes of SSBs and sociodemographic development index, with
greater intakes observed in countries with a higher
sociodemographic development index (see supplementary figures
11 and 12). However, this correlation was no longer present in 2018
(r=—0.001, P=0.99). Intakes of SSBs and prevalence of obesity were
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positively correlated in both 1990 (r=0.28, P<0.001) and 2018 (r=0.23,
P<0.001) (see supplementary figure 13).

Discussion

Intakes of SSBs among children and adolescents aged 3-19 years in
185 countries increased by 23% (0.68 servings/week (0.54 to 0.85))
from 1990 to 2018, parallel to the rise in prevalence of obesity among
this population globally.?> We found a positive correlation between
intake of SSBs and prevalence of obesity among children and
adolescents in all years. This finding needs particular attention
given the incremental economic costs associated with overweight
and obesity globally, which are projected to increase from about
$2.0tn (£1.6tn; €1.9tn) in 2020 to $18tn by 2060, exceeding 3% of
the world’s gross domestic product.># Chronic diet related conditions
such as obesity have been recognized as part of a global syndemic
along with undernutrition given their interaction and shared
underlying societal drivers.>> Tackling drivers of obesity and other
diet related diseases among children and adolescents is also critical
to be better equipped for potential future pandemics, as
cardiometabolic conditions such as obesity, diabetes, and
hypertension were top drivers of increased risk of hospital admission
and death with covid-19.2° The increase in intakes of SSBs among
children and adolescents corresponded to nearly twice the absolute
increase in intake observed among the adult population from 1990
to 2018, for which policies targeting specifically children and
adolescents are critical.’> Young people are particularly appealing
to the food industry as they are easily influenced by food marketing,
having an effect on not only their current intakes but also their
preferences as they develop into adulthood.?” Their susceptibility
to marketing, rising trends in obesity, and accelerated increases in
intakes of SSBs underline the necessity for interventions such as
taxes, regulations on front-of-package labeling, and regulations in
the school environment to curb intakes of SSBs.© 8 27 28

Changes in intakes of SSBs in children and adolescents from 1990
to 2018 varied substantially by world region. As with the adult
population, the largest increase from 1990 to 2018 was in
sub-Saharan Africa, emphasizing the need for prompt interventions
in this region. Young people in the Middle East and north Africa
and in southeast and east Asia showed a more accelerated increase
in SSB consumption compared with adults, underlining the
importance of policies targeting young people in these regions. The
Middle East and north Africa had the second highest intakes of SSBs
among children and adolescents in 2018, which differed from our
findings among adults, where the Middle East and north Africa
occupied third place after sub-Saharan Africa.

Latin America and the Caribbean experienced an overall decrease
in intakes of SSBs from 1990 to 2005, which could be attributed to
the economic crisis experienced among most of the major economies
in the region during this period,? in addition to potential greater
health awareness as a result of healthy eating campaigns in several
countries in the region.3° In contrast, the increases in intakes in
this region from 2005 to 2018 may relate to economic recovery,
increased marketing campaigns, and industry opposition to public
policies to reduce the intake of SSBs.3! These findings align with
findings in the adult population of this region.'> Over the past 30
years, Latin America and the Caribbean has undergone an
accelerated transformation in the food systems, resulting in wider
availability of unhealthy foods, including SSBs, that could explain
the large intakes in this region.” Moreover, the influence of
multinational corporations responsible for ultra-processed foods,
marketing strategies targeted at young people, lack of (or poor)
regulatory measures to limit the intake of SSBs have also been
consistently observed in Latin America and other regions with
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improving economies.’ ©7 The use of social media and TV to target
advertising at young people has been identified as being especially
high in Latin America as well as in the Middle East.® 27

High income countries experienced an overall decrease in intakes
of SSBs from 2005 to 2018. This might be explained by the increasing
scientific and public health attention on the harms of SSBs as well
as obesity in these nations during this period, which may have led
toincreased media and public awareness about the harms to health
associated with SSBs, wider formulation, promotion, and availability
of non-caloric sweetened beverage substitutes, and, more recently,
taxation on SSBs in several of these nations.3?

The potential role of sociodemographic factors on intakes of SSBs
was evidenced by the large variations in intake by parental
education and urbanicity, particularly in south Asia and
sub-Saharan Africa, evidencing the need to account for these factors
in the design of policies and interventions. At national level, the
correlation between intake of SSBs and sociodemographic
development index changed from positive in 1990 to null in 2018
(see supplementary figure 11), suggesting that the association
between the two might be reversing. This is similar to what was
observed in adults, where the association between intake of SSBs
and sociodemographic index changed from null to negative from
1990 to 2018.3 Our new findings show similar directional trends in
national and subnational intakes of SSBs among young people
compared with adults,’3 although with generally higher absolute
intakes among young people, suggesting nation specific influences
on SSBintakes are at least partly shared across the lifespan. Further
efforts are needed to incorporate data on other social determinants
of health, such as income, access to water, access to healthcare,
and race/ethnicity to elucidate additional potential heterogeneities.

Strengths and limitations of this study

Our study has several strengths. We assessed and reported global,
regional, and national estimates of SSB intakes jointly stratified by
age, sex, parental education, and urbanicity among children and
adolescents. Compared with previous estimates, our current model
included a larger number of dietary surveys, additional demographic
subgroups, and years of assessment. Our updated bayesian
hierarchical model better incorporated survey and country level
covariates—and addressed heterogeneity and uncertainty about
sampling and modeling.’3 33 Intakes were estimated from 450
surveys—mostly representative at national and subnational levels
and collected at individual level—and represented 87.1% of the
world’s population. Other recent estimates for global intakes of
SSBs relied mostly on national per capita estimates of food
availability (eg, Food and Agriculture Organization food balance
sheets) or sales data.>* Such estimates can substantially
overestimate and underestimate intake compared with individual
level data3® and are less robust for characterizing differences across
population subgroups. Our estimates are informed by dietary data
at individual level collected from both 24 hour recalls (24% of
surveys), considered the ideal method for assessing nutritional
intakes of populations), and food frequency questionnaires (61%
of surveys), a validated approach for measuring intakes of SSBs3¢
(see supplementary table 4).

Overall, our findings should be taken as the best currently available,
but nonetheless imperfect, estimates of SSB intakes worldwide.
Even with systematic searches for all relevant surveys, we identified
limited availability of data for several countries (particularly lower
income nations) and time periods.'! Thus, estimated findings in
countries with no primary individual level surveys have higher
corresponding uncertainty, informing surveillance needs to assess
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SSBs nationally and in populations at subnational level. Particularly,
we identified limited surveys for south Asia (n=9) and sub-Saharan
Africa (n=22), which might have affected the accuracy of our
estimates in those regions (see supplementary table 4). This finding
emphasizes the critical need for further efforts in data collection
and surveillance, particularly in these regions. Categorization by
age, parental education, and urbanicity were in groups rather than
in more nuanced classifications, balancing the interest in subgroup
detail versus the realities required from a global demographic effort
of de novo harmonized analyses of individual level dietary data
from hundreds of different dietary surveys and corresponding
members globally. All types of dietary assessments include some
errors, whether from individual level surveys, national food
availability estimates, or other sources. Our model’s incorporation
of multiple types and sources of dietary assessments provided the
best available estimates of global diets, as well as the uncertainty
of these estimates. For instance, self-reported data rely on the
memory and personal biases of the respondents, thus introducing
potential bias from underreporting or overreporting of actual
intakes. Furthermore, assumptions relating to standardization of
serving sizes, SSB definitions, energy adjustment, and
disaggregation at household level, as well as of no interaction
between sociodemographic variables in our model, could have
impacted our estimates. To minimize these limitations, we used
standardized approaches and carefully documented each survey’s
methods and standardization processes to maximize transparency.

Our definition and data collection on SSBs excluded 100% fruit
juice, sugar sweetened milk, tea, and coffee, given that evidence
for health effects of these beverages is inconsistent and does not
achieve at least probable evidence for causal harms.3” 38 These
differences may relate to additional nutrients, such as calcium,
vitamin D, fats, and protein in milk, caffeine and polyphenols in
coffee and tea, and fiber and vitamins in 100% juice; or to
differences in rapidity of consumption and drinking patterns. Each
of these beverages is generally also excluded in policy and
surveillance efforts around SSBs. A recent meta-analysis suggested
amodest positive association between 100% fruit juices and body
mass index in children (0.03 units higher for each daily serving),3°
highlighting the need for more research on the health impacts of
these and other beverages in children. Sweetened milks are mostly
targeted at children and adolescents, and in some regions are mostly
consumed by the youngest children.“° Given that our SSBs definition
excluded sweetened milk, this could partially explain the low
intakes observed in our study among the youngest age categories.
Future studies should also look into characterizing intakes of
sweetened milks, especially in countries such as the US, Australia,
Pakistan, and Chile where high intakes among children and
adolescents have been reported.“° 4 Home sweetened teas and
coffees were not explicitly excluded from the definition of SSBs at
the time of data collection, but tea and coffee were collected as
separate variables and thus most likely excluded by data owners
from the SSBs category. SSBs were defined as beverages with added
sugars and >209 k] (50 kcal) per 237g serving, capturing most of the
SSBs during the time period of our investigation that typically
contained about 418 kJ (100 kcal) per serving. More recently, some
SSBs with slightly less than 10 g of added sugar have entered the
market. As these are a relatively recent addition, their exclusion is
unlikely to meaningfully alter our findings, but future research
should focus on more refined surveillance of SSBs to allow flexibility
in beverage group definitions—for example, similar to the data
harmonized in our collaboration with the FAO/WHO GIFT food
consumption data tool.%*> Our current definition leveraging product
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name and caloric content to identify beverages with added sugar
across the world ensures consistency in reporting.

Conclusion

Intakes of SSBs among children and adolescents aged 3-19 years in
185 countries increased by almost a quarter from 1990 to 2018,
parallel to the rise in prevalence of obesity among this population
globally. Policies and approaches at both a national level and a
more targeted level are needed to reduce intakes of SSBs among
young people worldwide, highlighting the larger intakes across all
education levels in urban and rural areas in Latin America and the
Caribbean, and the growing problem of SSBs for public health in
sub-Saharan Africa. Our findings are intended to inform current
and future policies to curb SSB intakes, adding to the UN’s 2030
Agenda for Sustainable Development for improving health and
wellbeing, reducing inequities, responsible consumption, poverty,
and access to clean water.

What is already known in this topic

® Theintake of sugarsweetened beverages (SSBs) has been consistently
reported to increase the risk of obesity among children and
adolescents

® This is especially concerning given that obesity in childhood tends
to persist into adulthood, increasing the risk of type 2 diabetes,
cardiovascular disease, and premature mortality

® Quantification of SSB intakes among children and adolescents is
therefore critical, yet recent estimates among children and adolescents
are unavailable for most nations

What this study adds

® Intakes of SSBs among children and adolescents aged 3-19 years in
185 countries increased by almost a quarter from 1990 to 2018, parallel
to the rise in prevalence of obesity among this population globally

® Largerintakes were identified across all education levels in urban
and rural areas in Latin America and the Caribbean, along with the
growing problem of SSBs for public health in sub-Saharan Africa

® Intake of SSBs among children and adolescents showed large
heterogeneity by region and population characteristics, informing the
need for national and targeted policies and approaches to reduce
SSB intake among this population worldwide
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