
Health and economic burden of sugar-sweetened
beverages consumption in Brazil 

Carga sanitaria y económica del consumo de 
bebidas azucaradas en Brasil

Carga sanitária e econômica do consumo de 
bebidas açucaradas no Brasil

Lucas Perelli 1

Andrea Alcaraz 1

Cid Manso de Mello Vianna 2

Natalia Espinola 1

Federico Rodriguez Cairoli 1

Ariel Bardach 1,3

Alfredo Palacios 1,4

Dario Balan 1

Paula Johns 5

Federico Augustovski 1

Andrés Pichón-Rivière 1

doi: 10.1590/0102-311XEN249422

Cad. Saúde Pública 2023; 39(12):e00249422

Abstract

Sugar-sweetened beverages (SSBs) are a major source of added sugar and are 
associated with noncommunicable diseases (NCDs) such as obesity and diabe-
tes. This study assessed the impact of SSBs consumption on disease burden in 
Brazil, including deaths, disability-adjusted life years (DALYs), and healthcare 
costs. A 3-stage methodology was used to assess the direct effects of SSBs on 
diabetes, cardiovascular diseases, and body mass index (BMI), along with the 
influence of BMI on disease incidence. These assessments were then used to es-
timate the economic and health burden using population-attributable factors. 
Results showed that 2.7% and 11% of adult and children overweight/obesity 
cases were attributable to SSBs, respectively. SSBs consumption in Brazil led 
to 1,814,486 cases, 12,942 deaths, 362,088 DALYs, and USD 2,915.91 mil-
lion in medical costs related to diabetes, cardiovascular diseases, oncological 
diseases, and other NCDs. Urgent implementation of public policies is crucial 
to address the consumption of SSBs, recognized as a key risk factor for NCDs.
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Introduction

Noncommunicable diseases (NCDs) are the product of a combination of genetic and environmental 
risk factors influenced by physiology and behavior 1. NCDs are responsible for most deaths world-
wide yearly, and the disease burden is much more significant in low- and middle-income countries, 
with more than 80% of premature deaths from NCDs occurring in these countries. Overweight and 
obesity are two of the most important determinants of the burden of disease and death currently 
attributable to NCDs, with high body mass index (BMI) responsible for more than 4 million deaths 
and 120 million disability-adjusted life years (DALYs) worldwide in 2019 2. Even though obesity 
occurs worldwide, its incidence has rapidly increased in low- and middle-income countries. In Latin 
America, the rate of obesity is growing faster than anywhere else in the world 3. In Brazil, 96 million 
people are affected by overweight, and 29.5% and 21.8% of Brazilian women and men live with obe-
sity, respectively 4. In recent decades, an increase in NCDs has been noted in Brazil, closely related 
to the rise in obesity 5. Moreover, this problem is not only relevant in the adult population since, in 
Brazil, in 2019, it was found that 7% and 3% of children up to 5 years old were suffering from over-
weight and obesity, respectively; moreover, regarding adolescents aged 15 to 17 years, it was found 
that 19.4% and 6.7% were afflicted with overweight and obesity, respectively 4,6. People living with 
obesity are at risk of developing type 2 diabetes mellitus, cardio and cerebrovascular diseases, renal 
disorders, osteoarthritis, and several types of cancer, such as esophageal, uterine, and colon cancers 7.

High consumption of sugars has been associated with an increased risk of developing NCDs, 
including obesity and dental caries 8,9. Sugar-sweetened beverages (SSBs) are high in calories, low 
in nutritional value, and the diet’s first source of added sugar. Its consumption varies considerably 
according to sociodemographic characteristics, being higher in young people, in the male sex, and 
in America in relation to other regions. SSBs promote weight gain and increase the risk of other 
cardiovascular and metabolic disorders, such as type 2 diabetes mellitus. In addition, reducing their 
consumption promotes weight loss and thus reduces the risk of obesity-related diseases, such as 
cardiovascular disease (CVD), cancer, musculoskeletal disorders, asthma, depression, social isolation, 
dental caries, among others. It should be noted that these diseases attributable to the consumption of 
SSBs imply a great cost for health systems and society in general; therefore, this enormous disease and 
economic burden is a significant barrier to development.

In this context, it is essential for policy makers to have data that allow estimating the burden of 
disease attributable to SSBs consumption both in terms of health consequences and associated costs. 
Although extensive literature exist on the burden associated with this health detrimental consump-
tion, to the best of our knowledge, no regional estimate addressing the economic burden attribut-
able to SSBs consumption exist 10,11. This study is part of a collaborative effort between researchers, 
policymakers, and scientists from different universities, research centers, and government institu-
tions in Argentina (Institute for Clinical Effectiveness and Health Policy), Brazil (ACT Health Pro-
motion and the State University of Rio de Janeiro), El Salvador (Ministry of Health), and Trinidad 
and Tobago (University of the West Indies). This study aimed to estimate the burden of disease  
attributable to SSBs consumption in terms of deaths, events, DALYs, and direct medical costs to the 
Brazilian health system.

Methods

Model structure

The assessment of SSBs’ economic and health burden was conducted using a comparative risk assess-
ment framework. A model with two main mechanisms was used to assess the yearly burden attribut-
able to SSBs consumption. In the first path, SSBs consumption directly affects BMI, which contrib-
utes to the health and economic effects of overweight, obesity, and related diseases. In the second 
path, SSBs consumption directly affects type 2 diabetes mellitus and CVD (Figure 1). The initial model 
structure and the selection of outcomes were based on a systematic review of models to assess the 
burden of diseases attributable to SSBs consumption in international scientific literature 12. In addi-
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Figure 1

Model for causal framework and main outcomes.

BMI: body mass index; CVD: cardiovascular disease; QoL: quality of life; SSBs: sugar-sweetened beverages. 
Note: CVD – include stroke ischemic, intracerebral hemorrhage, subarachnoid hemorrhage, atrial fibrillation and flutter, ischemic heart disease, and 
hypertensive heart disease; Other conditions include oncologic diseases (cancers of the colon and rectum, esophagus, gallbladder, biliary tract, kidney, 
and uterus) and non-oncologic diseases (dementia, asthma, chronic kidney disease, gallbladder and biliary diseases, low back pain, and osteoarthritis).

tion, a policy dialogue was held, attended by experts and decision-makers from Argentina, Brazil, El 
Salvador, and Trinidad and Tobago 13. As a result of these activities, the model was developed to meet 
the information needs of decision-makers to control SSBs throughout the region. For children and 
adolescents, the model estimates only the impact of SSBs consumption on the prevalence of over-
weight and obesity.

To calculate the impact of SSBs consumption on each health event, the population attributable 
fraction (PAF) was used. By reducing exposure to a risk factor (SSBs consumption) to a minimal theo-
retical risk exposure scenario (zero consumption), the PAF was used to estimate a proportional reduc-
tion in disease and mortality in the population. By applying the population impact factor attributed to 
a risk factor to the total number of deaths, cases, or costs, the number of deaths, cases and costs were 
quantified. We used the PAF equation as follows:

where i = SSBs consumption level; P = current distribution in the age and sex stratum; P’ = alterna-
tive distribution (zero consumption); RR = relative risk of mortality/cases/costs at SSBs consumption 
level i; and max = maximum exposure level.

The methodology employed in this study consisted of a three-stage process to assess the impact of 
SSBs on both health outcomes and economic burdens. In the first stage, the direct effect of variations 
in SSBs consumption were quantified on the incidence of type 2 diabetes mellitus, CVD, and changes 
in the BMI. Subsequently, the influence of BMI was estimated on the occurrence of the related diseas-
es considered. The diseases linked to an increase in BMI considered for this model were asthma, atrial 
fibrillation and flutter, chronic kidney disease, colon and rectal cancer, dementia, esophageal cancer, 
gallbladder and bile duct cancer and kidney cancer, gallbladder and bile duct disease, hypertensive 
heart disease, intracerebral hemorrhage, low back pain, osteoarthritis, and subarachnoid hemor-
rhage. Finally, the population attributable factor was determined to estimate the economic and health 
burden associated with SSBs consumption. This model estimates the number of cases, deaths, DALYs, 
and healthcare costs associated with SSBs consumption in Brazil in 2020. The sensitivity analyses 
were performed using Monte Carlo simulation, which examined the impact of uncertainty regarding 
SSBs consumption and the relative risk (RR) linking SSBs to BMI, type 2 diabetes mellitus, and CVD. 
For each sex and age group, 1,000 iterations were performed using SSBs consumption distribution 
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(mean and standard error), and relative risks were calculated using normal distributions and standard 
deviations. The mean and 95% confidence interval (95%CI) were reported. Moreover, this analysis 
was performed using Stata, version 14.04 (https://www.stata.com), and Visual Basic Excel programs 
(https://products.office.com/).

Epidemiological data

Concerning the epidemiological parameters, the following sources of data were prioritized: (i) Bra-
zilian sources, when available, (ii) Latin American sources when local information was not available, 
(iii) international sources, and (iv) estimates from the research group when data was not considered 
transferable from other sources.

The SSBs were defined as sports and energy drinks, sugar-sweetened sodas, sugar-sweetened 
fruit juices, and sugar-sweetened and flavored waters. The SSBs category did not include products 
containing sugar such as dairy products, coffee, mate, or tea. To estimate the consumption of SSBs in 
Brazil, data from the 2017-2018 Household Budgets Survey (POF) were used according to sex and the 
age strata considered 14. One serving was defined as the intake of 240mL of any SSB.

Regarding the impact of SSBs consumption on BMI, a 0.10kg/m2 (95%CI: 0.05-0.15) increase 
in BMI of subjects with basal BMI < 25kg/m2, and a 0.23 (95%CI: 0.14-0.32) increase in BMI of 
subjects with basal BMI ≥ 25kg/m2, was inputted per each serving of SSB consumed per day in  
adults 15. Moreover, BMI reductions of ~ 0.57kg/m2 were calculated for a 1.7 servings reduction in 
SSBs consumption of children 16.

Overweight and obesity prevalence data were obtained from the latest national risk factor survey 
conducted (2018), data were gathered on the demographic structure, incidence, prevalence, and mor-
tality of each disease, stratified by sex and age 14.

The DisMod II software (https://www.epigear.com/index_files/dismod_ii.html) was used to 
model missing information regarding incidence, prevalence, or case-fatality rates for each disease 17.  
RR that quantifies the direct association between SSBs consumption and type 2 diabetes mellitus 
incidence and CVD incidence/mortality were identified. For type 2 diabetes mellitus, a 1.37 RR 
(95%CI: 1.15-1.63) increase was calculated on incidence per serving per day 18. For CVD, a 1.08 
(95%CI: 1.04-1.13) and 1.08 (95%CI: 1.02-1.14) RR per serving per day were considered for incidence  
and mortality, respectively 19.

The remaining diseases included (cancers of the esophagus, colon, rectum, uterus, kidney, gall-
bladder, and biliary tract; osteoarthritis; low back pain; asthma; dementia; chronic kidney disease; and 
biliary tract and gallbladder diseases) were modelled by an increase in the BMI (indirect pathway). The 
respective RR of developing each disease from different basal BMI measures were obtained from the 
Institute of Health Metrics and Evaluation (IHME) 7.

Direct medical costs

The direct medical costs of diagnosis, treatment, and follow-up were estimated for each disease 
included in the model. The direct medical costs represent the cost of the public health system. A micro 
costing approach was used to estimate the direct medical cost of the following conditions: type 2 dia-
betes mellitus, overweight, obesity, acute myocardial infarction, heart failure, renal failure (with and 
without dialysis), and stroke. Estimates were developed primarily based on consultation with clinical 
experts and, when possible, also based on international clinical guidelines 20,21. The costs of incident 
diseases were considered and, for chronic pathologies, a differentiation was made between the costs 
of the first year and subsequent years. The direct medical costs were estimated in local currency units 
(Brazilian Real) and then converted to US Dollars using the exchange rates of 2020, published by the 
Brazilian Central Bank 22.
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Results

The model’s main epidemiological and economic parameters are detailed in Tables 1 and 2.
The average consumption of sugar-sweetened beverages in adults over 18 years of age was 52 

liters per year per person, corresponding to 0.6 servings per day, whereas children and adolescents 
were found to drink 87,6 liters per year per person (1 serving per day). Marked differences were 
observed by sex and age groups (Table 1).

Table 3 details the events, deaths, and direct medical costs attributable to SSBs consumption 
for each disease for both males and females. This number of cases could be avoided if no SSBs were 
consumed.

Overweight and obesity

A total of 722,639 cases of obesity and overweight in children and adolescents are attributable to SSBs 
consumption, representing 11% of the total cases of obesity and overweight in this population. In the 
adult population over 18 years of age, a total of 2,219.16 cases of obesity or overweight can be attrib-
uted, representing 2.7% of the total number of cases of both conditions. The direct medical costs for 
treating these cases of obesity and overweight attributable to SSBs consumption totaled USD 21.74 
million per year in children and adolescents and USD 112.54 million per year in the adult population. 
Figures 2 and 3 illustrate the burden of overweight and obesity attributable in adults and children by 
sex and age groups in Brazil.

Diabetes, cardiovascular disease, and other chronic diseases

The model estimated that, for the adult population, 1,814,486 cases and 12,942 deaths from type 2 
diabetes mellitus, CVD, oncological diseases, and other chronic NCDs can be attributed to the con-
sumption of SSBs in Brazil. These numbers could be avoided in a hypothetical scenario without con-
sumption of SSBs, using population data for the year 2020. This disease burden represents 362,088 
DALYs and USD 2,915.91 million in direct medical costs. The proportion of cases was 10.9% higher 
in males than in females, while a similar difference was observed in attributable deaths (11.8%, with 
5,951 attributable deaths in females and 7,069 deaths in males) (Table 3).

The largest number of cases, deaths, and attributable DALYs corresponded to type 2 diabetes 
mellitus. An estimation of 1,415,383 cases and 5,292 deaths due to complications secondary to type 2 
diabetes mellitus accounted for 16.63% of all cases and 12.07% of deaths due to type 2 diabetes mel-
litus in Brazil by 2020. These values represent 190,976 DALYs lost and an annual cost of USD 2,314.44 
million for its treatment, which represents the 16.73% of the total direct costs attributable to the treat-
ment of diabetes mellitus at the national level.

It was further estimated that a total of 139,623 cardiovascular events, 93,133 strokes, 7,943 cases 
of musculoskeletal disease (mainly low back pain), 74,725 cases of chronic kidney disease, and 27,333 
cases of asthma are attributable to SSBs consumption. Figure 4 shows the relative burden of mortality 
related to SSBs consumption, showing the high proportion of deaths attributable to type 2 diabetes 
mellitus, CVD and cerebrovascular diseases. Moreover, 13,020 deaths were found, corresponding to 
2.98% of deaths from these causes in Brazil. These values represent 362,088 DALYs and an annual cost 
of USD 3,050 million per year.

Sensitivity analysis

The findings from the sensitivity analysis are presented in Table 3 as values that compose the 95%CI 
around the central value of the number of events, deaths, and costs for each condition and sex.
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Table 1

Main epidemiological parameters.

Gender/Age group (years) Population 
(millions) *

SSBs consumption 
(servings mean) **

Overweight (%) ** Obesity grade 1 
(%) **

Obesity grade 2 
(%) **

Obesity grade 3 
(%) **

Adults
Female

18-44 45.0 0.8 27.57 10.00 2.62 1.10

45-64 22.8 0.5 37.26 16.04 4.67 1.76

> 65 10.0 0.3 37.61 15.87 4.08 1.55

Subtotal 77.8 0.5 33.62 13.68 3.75 1.41

Male

18-44 44.0 1.08 38.44 14.19 3.54 1.44

45-64 21.2 0.6 45.69 16.85 3.87 1.17

> 65 7.0 0.3 42.00 13.54 2.23 0.63

Subtotal 72.2 0.6 41.70 14,60 3.36 1.15

Both

18-44 89.0 0.93 33.03 11.58 3.08 1.20

45-64 44.0 0.5 41.23 16.39 4.19 1.49

> 65 17.0 0.3 39.61 14.18 3.41 1.09

Subtotal 150.0 0.6 37.70 14.14 3.55 1.28

Children and teenagers
Female

0-4 7.2 0.5 7.60 7.40

5-17 19.8 1.17 6.58 2.03

Subtotal 27.0 1.0 7.10 4.70

Male

0-4 7.5 0.4 7.60 8.30

5-17 20.6 1.29 8.37 3.60

Subtotal 28.1 1.1 8.00 4.30

Both

0-4 14.7 0.4 7.60 7.80

5-17 40.4 1.21 7.48 2.81

Subtotal 55.1 1.0 7.50 6.40

SSB: sugar-sweetened beverage. 
* Source: Brazilian Institute of Geography and Statistics 31; 
** Source: Brazilian Institute of Geography and Statistics 32.

Discussion

This model estimated that approximately 13,000 deaths, more than 1,800,000 cases of disease events, 
2,219,168 cases of overweight or obesity in the adult population, 722,639 cases of overweight or obe-
sity in children and adolescents, and USD 3,050 million per year spent in direct medical costs could 
be attributable to SSBs consumption in Brazil.

Our results are consistent with previous studies for the Americas region in both the direction 
and magnitude of the effects of SSBs on health and economic outcomes. A study by Singh et al. 10, 
which considered only the effects of SSBs consumption mediated by BMI, have reported a substan-
tial absolute and relative burden of mortality and morbidity related to SSBs consumption in Latin 
America in 2010. In the case of Brazil, it was reported that SSBs are responsible for 13,733 deaths 
(including deaths from CVD, diabetes mellitus, and different types of cancer), which represents 2.3% 
of deaths from these types of diseases 10. Similarly, Singh et al. 10 calculated that SSBs are responsible 
for approximately 8.5 million DALYs globally, of which 195,424 DALYs (95%CI: 111,520-315,353) 
correspond to Brazil, a value inferior to our estimation. One of the probable explanations for this dif-
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Table 2

Economic and other epidemiological parameters of the model. 

Diseases Incidence 
rate *

Prevalence 
rate *

Mortality 
rate *

Incident event costs 
(USD)

Costs of 2+ year 
per prevalent 
event (USD)

Asthma 1,021.77 4,665.80 1.16 1,453.80

Atrial fibrillation and flutter 46.09 640.80 4.840 960.04

Chronic kidney diseases 268.62 7,337.15 16.10 1,504.69

Colon and rectum cancer 16.30 69.600 10.28 14,699.91 1,918.04

Dementia 94.50 603.70 35.50 1,996.65

Type 2 diabetes mellitus 195.70 3,834.20 20.82 1,635.20

Esophageal cancer 4.60 6.57 4.84 22,403.94 15,174.22

Gallbladder and biliary diseases 69.30 433.60 2.92 271.46

Gallbladder and biliary tract 
cancer

2.20 1.60 2.34 18,136.41 12,415.07

Hypertensive heart disease 46.90 211.50 10.60 1,122.53

Intracerebral hemorrhage 33.90 189.70 27.90 1,683.61

Ischemic heart disease 78.80 1,563.70 80.00 6,210.62 345.45

Ischemic stroke 67.21 856.20 22.60 1,683.61

Kidney cancer 44,717.00 28.900 1.77 19,204.09 13,450.09

Low back pain 4,528.15 11,018.36 NA 16.55

Osteoarthritis 160.48 3,142.85 NA 372.66

Subarachnoid hemorrhage 16.44 144.18 6.06 5,528.82

Uterine cancer 3.59 25.78 1.13 9,094.23 898.76

NA: not available.  
Note: country economic data – gross domestic product (GDP) per capita: USD 8,717; percentage of GDP spending on health: 9.50%;  
USD exchange rate: 3.94. 
* Per 100,000 inhabitants.

ference is that this model includes more pathologies that generate a high burden in years of life with 
disability, such as musculoskeletal problems 10.

Although some studies reported a slight decrease in the consumption of SSBs in recent years, 
consumption is still high, and a significant portion of the Brazilian population consume SSBs daily 23. 
Some of the factors that appear to increase the SSBs consumption are exposure to advertisements and 
other forms of publicity, the availability of SSBs in schools and restaurants, the relatively low prices of 
these products, distrust in the safety of tap water, consumption patterns, and ignorance or disbelief of 
the association between SSBs consumption with weight gain and other diseases 3,24.

The results of our model to assess the burden of diseases attributable to SSBs consumption reveals 
the need to strengthen policies to reduce their consumption. Measures to reduce SSBs consumption 
are a political axis for the prevention of NCDs across the region 24,25. Evidence has pointed that 
increasing taxes on these products can bring public benefits, with Mexico being the first country 
to successfully promote this type of change in the region 26. In the case of Brazil, Claro et al. 27 have 
reported that a 1% increase in the price of SSBs can lead to a 0.85% reduction in calories consumed 
from these products (1.03% reduction for the population below the poverty line and 0.63% for the 
population above it).

Another possible policy to be implemented, the reformulation of SSBs to reduce sugar content, 
could also produce significant reductions in consumption among the populations of the Americas 28.  
Likewise, warning labels could have a beneficial effect on public health and obesity and its associ-
ated costs. The expected impact of beverage labeling was estimated at a 10.5% reduction in calories 
consumed by these ultra-processed products 29. Mexico, Chile, Peru, Uruguay, and recently Argen-
tina have already implemented the labeling of ultra-processed foods and are beginning to benefit  
from these changes.
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Table 3

Attributable burden due to sugar-sweetened beverages (SSB) consumption in Brazil.

Condition Women Men Both

Total attributable (95%CI) % Total attributable (95%CI) % Total attributable (95%CI) %

Overweight and 
obesity (< 18 years)

Events 331,630 (172,447-461,495) 11.00 391,009 (203,324-543,502) 7.00 722,639 (381,499-1,006,604) 11.00

Direct medical 
costs (USD million)

13.33 (7.2-18.3) 14.00 8.42 (4.54-11.6) 10.00 21.74 (11.7-30) 12.00

Overweight and 
obesity (adults)

Events 829,703 (613,980-1,028,204) 2.20 1,389,465 (102,824-1,806,304) 3.20 2,219,168 (1,647,187-2,907,689) 2.70

Direct medical 
costs (USD million)

37.24 (27.7-54.7) 3.00 75.3 (56-111) 6.70 112.54 (83.8-165.7) 4.80

Type 2 diabetes 
mellitus

Deaths 2,672 (1,054-4,546) 10.90 2,591 (1,117-4,195) 13.60 5,225 (2,181-8,511) 12.07

Events 688,369 (295,545-1,041,745) 15.00 727,013 (323,894-1,089,068) 19.00 1,415,383 (624,131-2,129,006) 17.00

Direct medical 
costs (USD million)

1,126 (506.7-1,722.78) 15.20 1,189 (503-1,819) 18.00 2,265 (1,021-3,482) 16.30

Heart diseases *

Deaths 1,444 (605-2,441) 2.60 2,220 (1,018-3,581) 3.35 3,664 (1,654-5,910) 3.02

Events 51,967 (23,157-83,174) 2.93 87,365 (41,486-138,275) 3.76 139,332 (65,165-217,649) 3.40

Direct medical 
costs (USD million)

81 (37.6-127) 2.90 132 (61.3-206) 3.07 213 (99-334) 3.30

Cerebrovascular 
disease

Deaths 1,533 (659-2,574) 2.65 1,945 (893-3,107) 3.37 3,479 (1,568-5,593) 3.00

Events 42,880 (19,646-67,369) 3.20 49,743 (23,776-78,421) 3.96 92,938 (43,293-143,770) 3.58

Direct medical 
costs (USD million)

104 (48.1-160) 3.35 110 (50.8-169.6) 4.00 214 (99-330) 3.60

Other conditions **

Deaths 260 (161-394) 0.22 313 (194-474) 0.35 573 (354-868) 0.27

Events 96,498 (60,996-149,951) 0.56 82,753 (52,308-128,592) 0.46 179,251 (113,304-278,544) 0.53

Direct medical 
costs (USD million)

88 (55.5-133.5) 0.30 87 (54-132) 0.04 175 (110-265) 0.33

Total

Deaths 5,910 (3,247-8,940) 2.60 7,032 (4,310-10,175) 3.36 12,942 (8,070-18,500) 2.96

Events 857,242 (203,122-1,462,143) 2.02 957,243 (259,976-1,576,838) 2.68 1,814,485 (463,098-3,038,981) 2.32

Direct medical 
costs (USD million)

1,399 (801-1,999.1) 3.80 1,517 (869.42-5,813.48) 5.30 2,865 (1,642-4,094) 4.50

95%CI: 95% confidence interval. 
Note: USD exchange rate source: World Bank 33. 
* Includes: atrial fibrillation, ischemic heart disease and hypertensive heart disease; 
** Includes: cancer, oosteoarthritis, asthma, chronic kidney disease, dementia, and biliary diseases.
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Figure 2

Burden of overweight and obesity attributable in children by sex and age groups in Brazil.

Figure 3

Burden of diseases attributable to overweight and obesity in adults by sex and age groups in Brazil.

Low- and middle-income countries and Latin America suffer a disproportionate disease burden 
and death attributable to SSBs consumption 10. However, it is a region where health policy-driven 
interventions could be beneficial since many countries present low price of SSBs, lack of advertising 
regulation and/or suboptimal implementation of existing regulations, lack of public awareness to 
the risks associated with SSBs, and absence of warning labels on foods. This study can be a valuable 
contribution to raising awareness among the population and decision-makers about this important 
public health problem in Brazil and support policy interventions that many countries are struggling 
to implement.
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Figure 4

Sugar-sweetened beverages attributable deaths in adults.

This model was developed based on epidemiological and cost information for Brazil. It included a 
comprehensive review of the best available evidence, along with the effects of SSBs on weight, type 2  
diabetes mellitus, and cardiovascular disease. The additional inclusion of recent evidence on the 
direct effect of SSBs on both diabetes mellitus and CVD (independent of BMI) has contributed to 
results that more accurately reflect the epidemiological reality of the country and region 18,19. Finally, 
the early involvement of key decision-makers in this study provides the information prioritized by 
experts in the field to drive policy change.

One of the main limitations of our study is that the results rely heavily on information on epi-
demiological parameters, SSBs consumption, and costs. Thus, the data quality and availability may 
be limited in many countries of the region. Our analysis considered the essential set of health out-
comes related to SSBs. However, it may represent an underestimate of the actual burden since other 
conditions, such as dental decay and social and psychological impact of suffering from obesity, were 
not included in our model. Moreover, cost estimate of illnesses linked to SSBs consumption may be 
underestimated since we used data from the public sub-sector. Furthermore, only the direct medical 
costs generated by SSBs were considered, which are only a part of the financial burden to society since 
other social costs exist, such as productivity loss, school absenteeism, and informal caregiver time 
cost 30. Lastly, in our study, the impact of SSBs consumption was modeled by a hypothetical exercise 
of no consumption, without replacing it for other sugary products. Other modeling exercises have 
incorporated the consumption shift to other products, so the benefits of reduced consumption of 
SSBs may be diminished.

Conclusion

This study estimated the burden of diseases attributable to SSBs consumption and the associated 
direct medical costs in Brazil.



HEALTH AND ECONOMIC BURDEN OF SUGAR-SWEETENED BEVERAGES CONSUMPTION 11

Cad. Saúde Pública 2023; 39(12):e00249422

Contributors

L. Perelli contributed to the data acquisition, analy-
sis and interpretation, and writing; and approved 
the final version. A. Alcaraz contributed to the 
study design, data analysis, writing, and review; 
and approved the final version. C. M. M. Vianna 
contributed to the data acquisition and review; and 
approved the final version. N. Espinola contributed 
to the model conceptualization, data acquisition, 
analysis and interpretation, writing, and review; and 
approved the final version. F. R. Cairoli contributed 
to the data acquisition, analysis and interpretation, 
writing, and review; and approved the final ver-
sion. A. Bardach contributed to the data interpre-
tation and review; and approved the final version. 
A. Palacios contributed to the data interpretation 
and review; and approved the final version. D. Balan 
contributed to the data interpretation and review; 
and approved the final version. P. Johns contributed 
to the data interpretation and review; and approved 
the final version. F. Augustovski contributed to the 
data interpretation and review; and approved the 
final version. A. Pichón-Rivière contributed to the 
study design, data analysis, writing, and review; and 
approved the final version.

Additional information

ORCID: Lucas Perelli (0000-0001-6444-4143); 
Andrea Alcaraz (0000-0002-4260-8239); Cid 
Manso de Mello Vianna (0000-0003-0252-1144); 
Natalia Espinola (0000-0001-5511-3561); Federico 
Rodriguez Cairoli (0000-0002-3029-4439); Ariel 
Bardach (0000-0003-4437-0073); Alfredo Palacios 
(0000-0001-7684-0880); Dario Balan (0000-0002-
3465-3304); Paula Johns (0000-0002-0868-0894); 
Federico Augustovski (0000-0002-2914-5022); 
Andrés Pichón-Rivière (0000-0001-6052-025X).

Acknowledgments

To International Development Research Centre 
(IDRC; Canada).

References

1.	 Organización Mundial de la Salud. Enferme-
dades no transmisibles. https://www.who.int/
es/news-room/fact-sheets/detail/noncommu 
nicable-diseases (accessed 24/Jun/2022).

2.	 Murray CJL, Aravkin AY, Zheng P, Abbafati C, 
Abbas KM, Abbasi-Kangevari M, et al. Global 
burden of 87 risk factors in 204 countries and 
territories, 1990-2019: a systematic analysis 
for the Global Burden of Disease Study 2019. 
Lancet 2020; 396:1223-49.

3.	 Bergallo P, Castagnari V, Fernández A, Me-
jía R. Regulatory initiatives to reduce sugar-
sweetened beverages (SSBs) in Latin America. 
PLoS One 2018; 13:e0205694.

4.	 Instituto Brasileiro de Geografia e Estatística. 
Pesquisa Nacional de Saúde. https://www.ibge. 
gov.br/estatisticas/sociais/saude/9160-pesqui 
sa-nacional-de-saude.html?=&t=resultados 
(accessed on 27/Jun/2022).

5.	 Nucci LB, Rinaldi AEM, Ramos AF, Itria 
A, Enes CC. Impact of a reduction in sugar-
sweetened beverage consumption on the 
burden of type 2 diabetes in Brazil: a mod-
eling study. Diabetes Res Clin Pract 2022; 
192:110087.

6.	 Estudo Nacional de Alimentação e Nutrição 
Infantil. https://enani.nutricao.ufrj.br/ (acces-
sed on 27/Jun/2022).

7.	 GBD 2015 Obesity Collaborators; Afshin A, 
Forouzanfar MH, Reitsma MB, Sur P, Estep K, 
et al. Health effects of overweight and obesity 
in 195 countries over 25 years. N Engl J Med 
2017; 377:13-27.

8.	 Bleich SN, Vercammen KA. The negative im-
pact of sugar-sweetened beverages on chil-
dren’s health: an update of the literature. BMC 
Obes 2018; 5:6.

9.	 Malik VS, Popkin BM, Bray GA, Després J-P, 
Hu FB. Sugar-sweetened beverages, obesity, 
type 2 diabetes mellitus, and cardiovascular 
disease risk. Circulation 2010; 121:1356-64.

10.	 Singh GM, Micha R, Khatibzadeh S, Lim S, Ez-
zati M, Mozaffarian D, et al. Estimated global, 
regional, and national disease burdens related 
to sugar-sweetened beverage consumption in 
2010. Circulation 2015; 132:639-66.

11.	 Leal JSV, Vegi ASF, Meireles AL, Machado ÍE, 
Menezes MC. Burden of non-communicable 
chronic diseases attributable to the consump-
tion of sugar-sweetened beverage, 1990-2019. 
Clin Nutr ESPEN 2022; 51:253-61.

12.	 Alcaraz A, Pichon-Riviere A, Palacios A, Bar-
dach A, Balan DJ, Perelli L, et al. Sugar sweet-
ened beverages attributable disease burden 
and the potential impact of policy interven-
tions: a systematic review of epidemiologi-
cal and decision models. BMC Public Health 
2021; 21:1460.

13.	 Alcaraz A, Perelli L, Rodriguez MB, Palacios 
A, Bardach A, Gittens-Baynes K-A, et al. ¿Qué 
necesita nuestra región para fortalecer políti-
cas públicas sobre bebidas azucaradas? diálogo 
de decisores. Rev Peru Med Exp Salud Pública 
2023; 40:86-93.



Perelli L et al.12

Cad. Saúde Pública 2023; 39(12):e00249422

14.	 Instituto Brasileiro de Geografia e Estatística. 
POF – Consumer Expenditure Survey. https://
www.ibge.gov.br/en/statistics/multi-domain/
gender/25610-pof-2017-2018-pof-en.html? 
edicao=29788&t=resultados (accessed on 27/
Jul/2022).

15.	 Ebbeling CB, Feldman HA, Chomitz VR, An-
tonelli TA, Gortmaker SL, Osganian SK, et al. 
A randomized trial of sugar-sweetened bev-
erages and adolescent body weight. N Engl J 
Med 2012; 367:1407-16.

16.	 de Ruyter JC, Olthof MR, Seidell JC, Katan 
MB. A trial of sugar-free or sugar-sweetened 
beverages and body weight in children. N Engl 
J Med 2012; 367:1397-406.

17.	 Barendregt JJ, Van Oortmarssen GJ, Vos T, 
Murray CJL. A generic model for the assess-
ment of disease epidemiology: the computa-
tional basis of DisMod II. Popul Health Metr 
2003; 1:4.

18.	 Imamura F, O’Connor L, Ye Z, Mursu J, Hayas-
hino Y, Bhupathiraju SN, et al. Consump-
tion of sugar sweetened beverages, artificially 
sweetened beverages, and fruit juice and in-
cidence of type 2 diabetes: systematic review, 
meta-analysis, and estimation of population 
attributable fraction. BMJ 2015; 351:h3576.

19.	 Yin J, Zhu Y, Malik V, Li X, Peng X, Zhang FF, 
et al. Intake of sugar-sweetened and low-calo-
rie sweetened beverages and risk of cardiovas-
cular disease: a meta-analysis and systematic 
review. Adv Nutr 2021; 12:89-101.

20.	 Asociación Latinoamericana de Diabetes. 
Guías ALAD sobre el diagnóstico, control y 
tratamiento de la diabetes mellitus tipo 2 con 
medicina basada en evidencia. Edición 2019. 
https://www.revistaalad.com/guias/5600 
AX191_guias_alad_2019.pdf (accessed on 27/
Jul/2022).

21.	 Sociedad Latinoamericana de Nefrología e Hi-
pertensión; Fundación Mexicana del Riñón. 
Guías latinoamericanas de práctica clínica 
sobre la prevención, diagnóstico y tratamien-
to de los estadios 1-5 de la enfermedad renal 
crónica. https://www.slanh.net/wp-content/
uploads/2014/07/enfermedad_renal_cronica.
pdf (accessed on 27/Jul/2022).

22.	 Banco Central do Brasil. Exchange rate. 
https://www.bcb.gov.br/en (accessed on 27/
Jun/2022).

23.	 Figueiredo N, Maia EG, da Silva LES, Granado 
FS, Claro RM. Trends in sweetened beverages 
consumption among adults in the Brazilian 
capitals, 2007-2016. Public Health Nutr 2018; 
21:3307-17.

24.	 Sandoval RC, Roche M, Belausteguigoitia I, Al-
varado M, Galicia L, Gomes FS, et al. Excise 
taxes on sugar-sweetened beverages in Latin 
America and the Caribbean. Rev Panam Salud 
Pública 2021; 45:e21.

25.	 Molina M, Anderson LN, Guindon GE, Tar-
ride J-E. A review of implementation and eval-
uation of Pan American Health Organization’s 
policies to prevent childhood obesity in Latin 
America. Obes Sci Pract 2022; 8:352-62.

26.	 Barrientos-Gutierrez T, Zepeda-Tello R, Ro-
drigues ER, Colchero MA, Rojas-Martínez R, 
Lazcano-Ponce E, et al. Expected population 
weight and diabetes impact of the 1-peso-per-
litre tax to sugar sweetened beverages in Mexi-
co. PLoS One 2017; 12:e0176336.

27.	 Claro RM, Levy RB, Popkin BM, Monteiro 
CA. Sugar-sweetened beverage taxes in Brazil. 
Am J Public Health 2012; 102:178-83.

28.	 Basto-Abreu A, Braverman-Bronstein A, 
Camacho-García-Formentí D, Zepeda-Tello 
R, Popkin BM, Rivera-Dommarco J, et al. Ex-
pected changes in obesity after reformulation 
to reduce added sugars in beverages: a model-
ing study. PLoS Med 2018; 15:e1002664.

29.	 Basto-Abreu A, Torres-Alvarez R, Reyes-Sán-
chez F, González-Morales R, Canto-Osorio 
F, Colchero MA, et al. Predicting obesity re-
duction after implementing warning labels in 
Mexico: a modeling study. PLoS Med 2020; 
17:e1003221.

30.	 Dee A, Kearns K, O’Neill C, Sharp L, Staines A, 
O’Dwyer V, et al. The direct and indirect costs 
of both overweight and obesity: a systematic 
review. BMC Res Notes 2014; 7:242.

31.	 Instituto Brasileiro de Geografia e Estatística. 
Projeções da população. https://www.ibge.
gov.br/estatisticas/sociais/populacao/9109- 
projecao-da-populacao.html (accessed on 27/
Jun/2022).

32.	 Instituto Brasileiro de Geografia e Estatística. 
POF – Consumer Expenditure Survey. https://
www.ibge.gov.br/en/statistics/social/popula 
tion/25610-pof-2017-2018-pof-en.html?=&t= 
o-que-e (accessed on 27/Jun/2022).

33.	 World Bank. Official exchange rate (LCU per 
US$, period average). https://data.worldbank.
org/indicator/pa.nus.fcrf (accessed on 27/
Jun/2022).



HEALTH AND ECONOMIC BURDEN OF SUGAR-SWEETENED BEVERAGES CONSUMPTION 13

Cad. Saúde Pública 2023; 39(12):e00249422

Resumen

Las bebidas azucaradas (BA) tienen una gran 
fuente de azúcar añadido y están asociadas con 
enfermedades no transmisibles (ENT), como la 
obesidad y la diabetes. Este estudio evaluó el im-
pacto del consumo de las BA en la carga de en-
fermedad en Brasil, incluidas las muertes, los años 
de vida ajustados por discapacidad (AVAD) y los 
costos con la salud. Con el uso de una metodología 
de tres etapas, se evaluaron los efectos directos de 
las BA sobre la diabetes, las enfermedades cardio-
vasculares y el índice de masa corporal (IMC), la 
influencia del IMC en la incidencia de la enferme-
dad, y se estimó la carga económica y de salud uti-
lizando los factores atribuibles a la población. Los 
resultados mostraron que el 2,7% de los casos de 
sobrepeso/obesidad en adultos y del 11% en niños 
fueron atribuibles a las BA. El consumo de las BA 
en Brasil generó 1.814.486 casos, 12.942 muertes, 
362.088 AVAD y USD 2.915,91 millones en cos-
tos médicos relacionados con diabetes, enfermeda-
des cardiovasculares, enfermedades oncológicas y 
otras ENT. Es necesario implementar políticas pú-
blicas para tratar el consumo de las BA, reconocido 
este como un factor de riesgo clave para las ENT.

Bebidas Azucaradas; Costo de Enfermedad; 
Enfermedades No Transmisibles

Resumo

As bebidas açucaradas (BAs) são uma grande fonte 
de açúcar adicionado e estão associadas a doenças 
não transmissíveis (DNTs), como obesidade e dia-
betes. Este estudo avaliou o impacto do consumo de 
BAs sobre a carga de doenças no Brasil, incluindo 
óbitos, anos de vida ajustados por incapacidade 
(AVPIs) e custos de saúde. Usando uma metodolo-
gia de três estágios, examinamos os efeitos diretos 
das BAs sobre diabetes, doenças cardiovasculares 
e índice de massa corporal (IMC), a influência do 
IMC na incidência de doenças e estimamos o car-
ga econômica e de saúde usando fatores atribuíveis 
à população. Os resultados mostraram que 2,7% 
dos casos de sobrepeso/obesidade em adultos e 11% 
em crianças foram atribuíveis a BAs. O consumo 
de BAs no Brasil levou a 1.814.486 casos, 12.942 
mortes, 362.088 AVPIs e USD 2.915,91 milhões 
em custos médicos relacionados a diabetes, doen-
ças cardiovasculares, doenças oncológicas e outras 
DNT. A implementação urgente de políticas pú-
blicas é crucial para enfrentar o consumo de BAs, 
reconhecido como um fator de risco fundamental 
para as DNT.

Bebidas Adoçadas com Açúcar; Carga da Doença; 
Doenças Não Transmissíveis
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