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ABSTRACT
Objective  Overweight and obesity are important 
contributors to the non-communicable disease burden. The 
consumption of sugar-sweetened beverages (SSBs) has 
been associated with an increased risk of type 2 diabetes 
mellitus (T2DM), cardiovascular disease, cancer and other 
conditions. The objective of this study was to estimate 
the burden of disease attributable to the consumption of 
SSBs and the costs to the healthcare systems in Argentina, 
Brazil, El Salvador, and Trinidad and Tobago.
Design  Following a systematic review of models, a 
comparative risk assessment framework was developed to 
estimate the health and economic impact associated with 
the consumption of SSBs.
Setting  Argentina, Brazil, El Salvador, and Trinidad and 
Tobago.
Participants  Overall population.
Primary and secondary outcome measures  The model 
estimated the effects of SSB consumption on health 
through two causal pathways: one mediated by body mass 
index (BMI) and health conditions associated with BMI 
and another that reflected the independent effects of SSB 
consumption on T2DM and cardiovascular diseases.
Results  The model results indicated that for all four 
countries, in 1 year, SSB consumption was associated 
with 18 000 deaths (3.2% of the total disease-related 
deaths), seven million disease events (3.3% of the total 
disease-related events), a half-million DALYs and US$2 
billion in direct medical costs. This included 1.5 million 
cases of overweight and obesity in children/adolescents 
(12% of the excess weight cases) and 2.8 million cases 
in adults (2.8%); 2.2 million cases of type 2 diabetes 
(19%); 200 000 cases of heart disease (3.8%); 124 
000 strokes (3.9%); 116 000 cases of musculoskeletal 
disease (0.2%); 102 000 cases of kidney disease (0.9%); 
and 45 000 episodes of asthma (0.4%). The Trinidad and 
Tobago population were the most affected by disease 
events.
Conclusions  The study results indicate that the 
consumption of SSBs is associated with a significant 

burden of disease and death in Latin America and the 
Caribbean.

INTRODUCTION
Globally, non-communicable diseases (NCDs) 
are the leading cause of mortality, accounting 
for more than 70% of deaths, with 77% of 
deaths occurring in low-income and middle-
income countries.1 It also imposes a signifi-
cant economic burden on health systems and 
societies at large.2 The Sustainable Develop-
ment Goals, defined by the United Nations in 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is the first study to assess the disease burden 
of sugar-sweetened beverage (SSB) consumption in 
Latin America and the Caribbean (LAC) with a sim-
ulation model tailored for the region and capable of 
estimating attributable multidisease events, deaths, 
disability-adjusted life years and direct medical 
costs predictions, including the whole population of 
the evaluated countries.

	⇒ LAC is a region that suffers a disproportionate bur-
den of disease and death attributable to SSBs with 
lack of quality sources of information.

	⇒ There are several natural targets for policy-driven 
interventions: the low price of SSB, lack of regula-
tion of advertising and/or suboptimal implementa-
tion of existing policies; lack of awareness in the 
population about the risks associated with SSB; and 
no food warning labels in many countries.

	⇒ This study can be a valuable contribution to draw 
the attention of the population and decision mak-
ers to this critical public health problem and provide 
support to the policy interventions that many coun-
tries are struggling to implement.
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2015, identify the prevention and control of NCDs as core 
priorities.3

Overweight and obesity are critical determinants of 
the burden of disease and death currently attributable to 
NCDs. High body mass index (BMI) was responsible for 
more than eight million deaths worldwide in 2019.4 The 
global prevalence of obesity has tripled over the past few 
years, with nearly 1.9 billion adults estimated to be over-
weight and 650 million obese.5 The prevalence of excess 
weight among children and adolescents has increased 
worldwide and is alarming. In Latin America and the 
Caribbean (LAC), it is estimated that over 3.8 million 
children under 5 years and more than 40 million school-
aged children and adolescents are overweight or obese.6 
Additionally, multiple studies have demonstrated the 
high economic burden of overweight and obesity, both in 
developed and developing countries.7

Sugar-sweetened beverages (SSBs) are high in calo-
ries, low in nutritional value and are the leading source 
of added sugars in the diet.8–11 Consumption of SSBs 
promotes weight gain and increases the risk of other 
metabolic disorders, such as type 2 diabetes mellitus 
(T2DM) in adults. Reducing the consumption of SSBs 
reduces the risk of overweight and obesity and lowers 
the risk of obesity-related diseases such as cardiovascular 
and cerebrovascular disease, cancer, musculoskeletal 
disorders, asthma, depression, social isolation and dental 
caries, among others.12–14 The evidence confirms the link 
between SSB consumption and weight gain in children 
and adolescents along with greater risk of insulin resis-
tance, high blood pressure and dental caries, among 
others.15 16

SSB consumption varies considerably according to 
sociodemographic characteristics, with consumption 
being higher in younger people, males and in LAC in 
relation to other regions.17 In LAC, Trinidad and Tobago 
has the highest consumption of SSBs among adults, while 

Argentina has the highest SSB consumption among chil-
dren in the region.18 19

Estimating the burden of disease and the economic 
burden derived from the consumption of SSBs can 
provide valuable information for policy makers in the 
region. This information allows for the estimation of 
the potential impact of interventions like taxes, front of 
package labelling, advertising restrictions or school envi-
ronment modifications on SSB consumption.20 21

The objective of this study was to estimate the burden 
of disease attributable to the consumption of SSBs and 
the costs to the healthcare systems in Argentina, Brazil, El 
Salvador, and Trinidad and Tobago.

METHODS
Model structure
A comparative risk assessment framework was used to esti-
mate the health and economic impact of SSB consump-
tion. The conceptualisation of the model and the selection 
of outcomes was carried out after a systematic review of 
the existing models for SSBs22 and a Policy Dialogue held 
in Buenos Aires in 2018 that brought together 35 experts 
and decision makers from seven countries in LAC.23 
These activities were used to inform the development 
of the model so that it could adequately respond to the 
information needs of decision makers and contribute to 
the design and implementation of effective public poli-
cies for the control of SSB consumption in the region. 
Following these activities, the use of a comparative risk 
approach was prioritised24 taking into account the feasi-
bility of obtaining the necessary inputs to execute this 
approach in Latin America.

The model estimates the effects of SSB consumption 
on health through two main causal pathways. One path 
is mediated through the effects of SSBs on BMI and the 
effect of BMI on the risk of health conditions associated 

Figure 1  Model framework. BMI, body mass, index; SSB, sugar-sweetened beverag;CVD, cardiovascular disease; QoL, 
quality of life.
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with overweight and obesity. The other causal path reflects 
the independent effects of SSB consumption on T2DM 
and cardiovascular diseases (figure  1).25 26 In children 
and adolescents, the model estimates only the effects of 
SSB consumption on overweight and obesity prevalence.

The comparative risk approach was used to determine 
the Population Attributable Fraction (PAF) for each 
targeted disease. The PAF is the proportion of cases that 
can be attributed to a particular exposure (see online 
supplemental material). The model was developed in 
three stages to estimate the impact of SSB consumption. 
First, changes in SSB consumption distribution between 
baseline (current behaviour) and selected scenarios were 
estimated. Second, changes in T2DM, CVD and BMI 
caused by changes in SSB consumption were calculated. 
Third, changes in disease burden were estimated using 
the PAF and applied to baseline levels of each selected 
disease in the population.

The model measures the number of prevented incident 
and prevalent cases, the number of deaths prevented, the 
years lost due to ill health and total healthy years and 
the economic burden associated with these diseases. The 
disease burden was estimated as the difference between 
the results predicted by the model for each country under 
current SSB consumption prevalence and a counter-
factual scenario of no SSB consumption without caloric 
compensation.

To incorporate uncertainty in the health and economic 
outcomes attributable to SSB consumption, a second 
order Monte Carlo simulation was used. The sensitivity 
analyses explored the potential effect on results attrib-
utable to uncertainty about SSB consumption as well as 
the strength of the association (relative risk, RR or hazard 
ratio, HR) linking SSB consumption with BMI, T2DM 
and CVD. One thousand iterations were done fitting 
distributions from the parameters of SSB consumption 
(mean and SE) and from relative risks (considering a 
normal distribution, where the SD were obtained from 
the reported 95% CIs), for each country, gender and age 
group. The mean and 95% uncertainty intervals were 
reported. The analysis was performed using Stata soft-
ware, V.14.0, and Visual Basic Excel.

The model was calibrated using national vital statistics. 
A variation of plus or minus 10% in the results is consid-
ered acceptable; if it was not achieved, a modification of 
±20% was made in the lethality or incidence risk equa-
tions to adjust the results.

Epidemiological data
The selection of data sources and parameters for the 
four countries was based on a joint decision rule that 
was defined in order to establish a priority among the 
different possible sources of data that stated: (1) use 
good quality local information when available, (2) use 
international sources when local information was not 
available or considered to be of poor quality and (3) use 
the best estimate from the author group when data were 

not considered ‘transferable’, to derive or estimate the 
parameter based on best data available locally.

The following beverages were defined as SSBs: sugar-
sweetened sodas, sugar-sweetened fruit juices, energy 
drinks, sports drinks and sugar-sweetened flavoured 
waters. One hundred per cent homemade natural juices 
and sugar-sweetened dairy products like coffee or tea 
were not included. Population-based surveys were the 
preferred data sources for SSB consumption; where such 
data were unavailable, consumption was estimated from 
international studies. A serving of a SSB was defined as 
240 mL.

Each serving of a SSB per day was associated with a 0.10 
(95% CI 0.05 to 0.15) kg/m2 of increase in BMI in indi-
viduals with BMI <25 and with 0.23 (95% CI 0.14 to 0.32) 
kg/m2 of increase in BMI in individuals with BMI ≥25 in 
adults.27 In children, a BMI reduction of 0.33 kg/m2 for a 
serving of SSB was use.28

Prevalence of overweight and obesity was obtained from 
the last available risk factor survey in each country. Data 
on the general population structure, incidence, preva-
lence and mortality of the different conditions for age and 
gender were also included. The DISMOD II software was 
used to pool data from multiple sources, model missing 
data and check the consistency of estimates of incidence, 
prevalence, duration and case fatality for diseases.

The relative risks of diseases associated with SSB 
consumption were obtained through a comprehen-
sive review of the literature. T2DM and cardiovascular 
diseases—including cerebrovascular disease, ischaemic 
heart disease, atrial fibrillation and hypertensive heart 
disease—were directly associated with daily consumption 
of SSB. For T2DM, an RR of 1.37 (95% CI 1.15 to 1.63) 
per serving per day was used considering the systematic 
review of Imamura et al.25 For the association of SSB 
consumption with mortality and incidence of cardiovas-
cular events, an RR of 1.08 (95% CI 1.04 to 1.13) and 1.08 
(95% CI 1.02 to 1.14) per serving per day respectively 
were considered from a systematic review of Yin et al.26

For the other diseases included in the model, the 
increased risk was mediated by increased BMI. The 
relative risks of developing each condition for different 
BMI were obtained from the Global Burden of Disease 
study (Institute for Health Metrics and Evaluation, 
IHME), including only the BMI-related diseases with the 
highest disease burden. Also included were oncological 
like oesophageal cancer, colon-rectum, uterine body, 
kidney and gallbladder and biliary tract cancer, and non-
oncological diseases like osteoarthritis, lower back pain, 
biliary tract, gallbladder diseases, asthma, dementia, 
Alzheimer’s disease and chronic kidney disease.4

Total disability-adjusted life years (DALYs) were calcu-
lated from the years of life lost due to premature death 
(YLLs) and the years lost due to a disability (YLDs). 
YLLs and YLDs were estimated for each of the diseases 
considered in the model (not for overweight/obesity 
conditions). Life expectancy tables were used when esti-
mating YLLs, for each country using the WHO online 
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Global Health Observatory data repository.29 YLDs were 
calculated from the prevalence values of each disease 
multiplied by its weight of disability. The weighting for 
disability data was obtained from the Global Burden of 
Disease study for each disease.4

Direct medical costs
The direct medical costs (including diagnosis, treat-
ment and follow-up) were estimated for each condition 
included in the model. For Argentina and El Salvador, 
the direct medical costs represent a weighted average of 
the costs of the three main healthcare subsectors (public, 
social security and private). For Brazil and Trinidad and 
Tobago, the direct medical costs were estimated from the 
perspective of the public health system.

In each country, the research team developed a stan-
dard costing approach (microcosting or macrocosting) 
depending on the availability and quality of the informa-
tion. For the microcosting approach, a Microsoft Excel 
spreadsheet was designed to estimate the direct medical 
cost of the following health conditions: T2DM (with and 
without complications), overweight, obesity types 1, 2 and 
3, acute myocardial infarction and its follow-up, heart 
failure, kidney insufficiency (with and without dialysis) 
and stroke. These microcosting spreadsheets were devel-
oped based on previous cost estimation projects, clinical 
guidelines and communications with local experts in 
each country.

When adequate local information was unavailable 
to estimate the direct medical cost of a specific event 
in a particular country, a two-stage indirect estimation 
approach was used. First, for each country with infor-
mation on the cost of a particular health event, the ratio 
between the cost of the health event and the country’s 
gross domestic product (GDP) per capita was calculated. 
Second, for each country with missing cost data, the 
average of these ratios (calculated for countries with cost 
data) was applied to the GDP per capita of the country 
without cost data, in order to estimate (indirectly) the 
cost of the health event of interest.

All direct medical costs were estimated in local 
currency units and then converted to US dollars using the 
exchange rates of 2020, published by the central banks of 
each country.

Patient and public involvement
Patients were not involved directly in the design and 
implementation of this research. The results to be devel-
oped by this study were prioritised in a dialogue of deci-
sion makers and key actors on the subject, including 
civil society actors who presented perspectives from 
the general population. The main study results were 
presented in infographic pieces written in plain language 
for patients and the general population and presented 
in two webinars open to the public. The material is avail-
able in the language of the four study countries at the 
following link www.iecs.org.ar/sugar.

RESULTS
Epidemiological and economic data were obtained for 
each country. The main parameters included in the 
model are shown in table 1 and online supplemental file 
1.

The average consumption of SSBs at the population 
level ranged from 0.78 servings per day in Brazil to 1.21 
servings in Argentina, with considerable variation by 
gender and age groups (see table 1). The country with 
highest consumption in children was Argentina, and the 
country with highest consumption in adults was Trinidad 
and Tobago. The estimated cost of treating each SSB 
consumption related disease by country is available in the 
online online supplemental file 1.

An estimated 1.5 million cases of obesity and overweight 
in children and adolescents (<18 years) were attributable 
to SSB consumption in 2020, which represented 12% of 
the total of obesity cases in this population. In the adult 
population (18 years or older), 2.8 million cases of obesity 
and overweight were attributable to SSB consumption 
representing 2.8% of the total cases of overweight and 
obesity in this population (table 2). The 18–44 years age 
group was the most affected in all countries. Generally, 
men were more affected than women except in the 18–44 
years age group in El Salvador and the 45–64 years age 
group in Trinidad and Tobago. The number of cases of 
overweight and obesity was strikingly high in the 5–17 
years age group in Argentina (figure 2). In terms of direct 
medical costs, it was estimated that US$18 million was 
expended in 1 year to treat obesity and overweight attrib-
utable to SSB consumption in children and adolescents, 
while US$80.7 million was spent to treat obesity and over-
weight in adults.

The effect of SSB consumption on T2DM was markedly 
strong. A total of 2.2 million cases of T2DM, 265 994 DALYs 
and 7000 deaths were attributable to SSB consumption in 
2020 in these countries, which represents approximately 
19% of total T2DM cases and 23% of deaths. Of all the 
direct medical costs estimated to be associated with SSB 
consumption in the four countries, T2DM was respon-
sible for 76% of these costs.

As can be seen in table  2, in the four countries, the 
number of events of other diseases that can be attributed 
to the consumption of SSB is also high, representing close 
to 200 000 cases of heart disease; 124 000 strokes; 116 000 
musculoskeletal diseases – mainly low back pain; 102 000 
kidney disease events; and 45 000 episodes of asthma. 
Also 225 360 DALYs and 11 000 deaths were caused by 
these conditions in 1 year. This resulted in a cost to the 
health system of US$481.1 million.

Overall, for 2020, SSB consumption was associated with 
18 059 deaths (3.2%), 7 139 560 disease events (3.3%), 
491 354 DALYs and US$2010.2 million in direct medical 
costs for these four countries.

Figure 3 provides a breakdown of deaths and events in 
adults attributable to SSB consumption per million adults 
to make countries more comparable. Among the four 
countries, the Trinidad and Tobago population was the 
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most affected, with 50 000 SSB-attributable events and 
close to 400 SSB-attributable deaths per million adults.

DISCUSSION
This is the first study to assess the disease burden of SSB 
consumption in LAC with a simulation model tailored 
for the region and capable of estimating attributable 
disease events, deaths, DALYs as well as direct medical 
costs predictions. Our findings show that SSB consump-
tion is associated with a substantial health and economic 
burden in Argentina, Brazil, Trinidad and Tobago, and 
El Salvador. For 1 year, SSB consumption was associated 
with 18 000 deaths, seven million disease events, a half 
million DALYs and US$2 billion in direct medical costs in 
these four countries. Furthermore, more than 4.3 million 
cases of obesity and overweight and 2.2 million cases of 
diabetes could be attributed to SSBs consumption. Twelve 
per cent of all obesity cases in children and adolescents 

and 19% of the total cases of T2DM in adults was associ-
ated with SSBs consumption.

The study’s findings are consistent with previous studies, 
both on the direction and magnitude of effects. As part 
of a global disease burden study, Singh et al16 considered 
only the BMI-mediated effects of SSB intake on CVD 
and found for 2010 a substantial absolute and propor-
tional burden in SSB-related mortality and morbidity 
in LAC as compared with other regions. These findings 
were interpreted in the context of the low cost of SSBs in 
the region, as well as the suboptimal implementation of 
taxes and regulation of advertising and limited access to 
clean drinking water, all conditions that remain almost 
unchanged in most LAC countries.

In line with our findings, a study conducted in Argen-
tina estimated that over the 2015–2024 period, a real-
istic 10% reduction in SSB consumption with a caloric 
compensation of 39% was projected to reduce incident 

Figure 2  Overweight and obesity total events attributable to SSBs consumption by gender and age group in Argentina, Brazil, 
El Salvador, and Trinidad and Tobago. SSBs, sugar-sweetened beverages.

Figure 3  SSB-attributable events and deaths per million adults in Argentina, Brazil, El Salvador, and Trinidad and Tobago. 
SSB, sugar-sweetened beverage.
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diabetes cases by 13 300–27 700 and myocardial infarc-
tion events by 2500–5100 compared with a scenario of no 
change in SSB consumption, with the largest reductions 
in the youngest and in males.30

We found a markedly higher SSB attributable burden in 
Trinidad and Tobago, a finding also observed in previous 
studies.18 This is not explained by consumption—which is 
just slightly higher in Trinidad and Tobago—but it could 
be attributable to the higher incidence and prevalence 
rates of SSB-related diseases, such as diabetes and cardio-
vascular disease, which was more than twice that of the 
other countries in the study.

One strength of this study is that a model adapted to the 
availability and quality of epidemiological and cost infor-
mation data in LAC was developed. We also incorporated 
the best available evidence for the direct effects of SSBs 
on BMI, diabetes mellitus, cardiovascular disease and on 
the diseases associated with overweight and obesity. The 
additional inclusion of recent evidence on the direct 
effect of SSBs on cardiovascular disease independent of 
BMI constitutes an innovation and has contributed to the 
achievement of results that more accurately reflect the 
prevailing epidemiological reality. We performed sensi-
tivity analyses, which also contribute to a more contextu-
alised interpretation of the results and their uncertainty. 
The inclusion of four countries, with diverse socioeco-
nomic and epidemiological realities, provide elements 
for a more informed extrapolation of the results to other 
countries and regions. The early involvement of decision 
makers and key leaders in this study allows us to have the 
information they prioritised to promote change in public 
policies.

One of the main limitations of our study is that the 
results are highly dependent on the information from 
epidemiological parameters, SSB consumption and costs, 
whose quality and availability may be limited in many LAC 
countries. Our analysis considered the most important 
set of health outcomes linked to SSBs but may represent 
an underestimation of the real burden given that we did 
not include other important dimensions such as dental 
decay, or the social and psychological impact on children 
and adults of being obese. Additionally, we only consid-
ered the direct medical costs generated by SSBs, which 
are only a portion of the total financial burden if other 
dimensions such as productivity losses or caregivers’ 
burden are included.

The countries of our region have a high consumption 
of unhealthy products, including SSBs, and this consump-
tion is partly responsible for the epidemic of chronic 
diseases that have impacted LAC in recent decades and 
has been invisible for years. The information generated 
could be used by the Ministries of Health of the partic-
ipant countries for the design of evidence-based public 
policies.

It is important to implement healthy taxes in LAC 
countries to achieve decreases in consumption. There 
is evidence that increasing taxes can produce important 
public benefits, with Mexico being the first country that 

successfully promoted this type of change in the region.20 
Also, in Brazil, Claro et al31 reported that a 1% increase in 
the price of SSBs could led to a 0.85% reduction of SSB 
calories consumed (1.03% reduction for the poor and 
0.63% for the non-poor).

Likewise, reformulation of SSBs to reduce sugar content 
could produce measurable reductions in consumption 
for populations in LAC countries.32

Furthermore, the beneficial effect that warning labels 
could have on public health and in effectively reducing 
obesity and its associated costs was studied in Mexico. 
The expected impact of beverage labelling could lead 
to a 10.5% reduction in calories consumed.33 Mexico, 
Chile, Peru, Uruguay and recently Argentina have already 
implemented labelling for ultra-processed foods and are 
beginning to benefit from these changes.

Remaining research gaps include the analyses of direct/
indirect costs of the burden of SSBs in LAC, and the 
determination of the expected impact on SSB consump-
tion of bans on formal media and social network adver-
tising, regulation of SSBs in the school environment and 
the exploration of the joint effect of various food policies.

LAC is a region that suffers a disproportionate burden 
of disease and death attributable to consumption of SSBs. 
It is also a region in which there are several natural targets 
for policy-driven interventions: the low price of SSBs, lack 
of regulation of advertising and/or suboptimal imple-
mentation of existing regulations; the lack of awareness 
in the population about the risks associated with the 
consumption of SSBs; and the absence of food warning 
labels in many countries. This study can make a valuable 
contribution to draw the attention of the population and 
decision makers to this important public health problem, 
as well as to provide support to the policy interventions 
that many countries are struggling to implement.
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