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Time trends and projected obesity 
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We examined time trends and projected obesity epidemic in Brazilian adults between 2006 and 2030 
by sex, race/skin color, educational attainment, and state capitals. Self‑reported body weight and 
height of 730,309 adults (≥ 18 years) from the Vigitel study were collected by telephone interview 
between 2006 and 2019. A multinomial logistic regression model was used to predict the prevalence 
of body mass index (BMI) categories as a function of time by 2030. The prevalence of obesity increased 
from 11.8% in 2006 to 20.3% in 2019. The projected prevalences by 2030 are estimated to be 68.1% for 
overweight, 29.6% for obesity, and 9.3% for obesity classes II and III. Women, black and other minority 
ethnicities, middle‑aged adults, adults with ≤ 7 years of education, and in Northern and Midwestern 
capitals are estimated to have higher obesity prevalence by 2030. Our findings indicate a sustained 
increase in the obesity epidemic in all sociodemographic subgroups and across the country. Obesity 
may reach three out of 10 adults by 2030.

Abbreviations
BMI  Body mass index
CI  Confidence interval
NCD  Non-communicable diseases
WHO  World Health Organization
VIGITEL  Surveillance System for Risk and Protective Factors for Chronic Diseases by Telephone Survey

Studies have documented the increasing obesity epidemic across the  globe1. Between 1975 and 2016, the age-
adjusted prevalence of obesity (i.e., defined as body mass index—BMI ≥ 30 kg/m2) tripled worldwide, reaching 
16% or 650 million adults in  20161. The World Health Organization (WHO) Plan of Action for the Control of 
Noncommunicable Diseases aims to reduce by half the increase (slope) in the prevalence of obesity by  20252. 
However, projections suggest this goal may not be  achieved3. In Brazil, epidemiological studies have also shown 
an increase in the prevalence of obesity in adults from 12.5% in 2002 to 25.9% in  20194,5. Overall, the prevalence 
of obesity has been higher in adults of lower socioeconomic levels and educational  attainment4,5.

Recently, a few studies conducted in high-income countries, such as the United  States6 and  England7, have 
projected their national prevalence of obesity to inform local actions aimed to control the obesity  epidemic6,7. In 
low- and middle-income countries, such as Brazil, projections of future obesity epidemic are scarce, despite its 
potential to inform public health policies and decision-makers. In Brazil, the Surveillance System for Risk and 
Protective Factors for Chronic Diseases by Telephone Survey (Vigitel) has conducted yearly since  20068. There-
after, over 50 thousand adults from 27 state capitals and the Federal District (hereinafter defined as geographic 
units) have annually reported their body weight, height, and demographic and socioeconomic characteristics, 
enabling the study of the current and future distribution of obesity in the Brazilian population over  time8.
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In this study, we examined time trends (2006–2019) and projected (2020–2030) the prevalence of BMI 
categories in Brazilian adults between 2006 and 2030, according to sex, age group, race/skin color, educational 
attainment, and geographic units.

Methods
Study design, data source, and sample. Vigitel is an annual telephone survey conducted between 2006 
and 2019 to monitor health indicators in adults aged ≥ 18 years from 26 state capitals and the Federal District. A 
sample of approximately 2000 individuals was interviewed in each city per year, so that all indicators included 
in the system could be assessed with a 95% confidence interval (CI) and a sample error of two percentage 
points. The sampling process was conducted in two stages. The first one consisted of sampling 5000 landlines 
per city (from lists of household telephone numbers provided by the main operators in the country), randomly 
reorganized into 25 replicates (200 numbers). Each landline selected was contacted up to six times on different 
days and times (from nine am to nine pm,  including weekends and holidays) to assess participants’ eligibil-
ity. Out-of-service, non-residential, and non-answering lines were considered ineligible. In the second stage, one 
adult from each household was randomly selected and invited to participate in the study. The weighting factors 
provided by the Brazilian Ministry of Health equate the distribution of the population interviewed by Vigitel 
to that predicted for the entire adult population in each municipality, estimated in two stages. The first stage 
aimed to correct the unequal probability of selecting households with more than one landline or resident, and 
the second stage to balance the distribution of the interviewed population in each city (by sex, age and educa-
tional attainment) to the entire population (based on official projections for each year via the Rake procedure)9. 
Vigitel was approved by the National Research Ethics Commission, and the identified databases are available 
at: http:// svs. aids. gov. br/ downl oad/ Vigit el/. All aspects of the study were in accordance with the Declaration 
of Helsinki. From 2006 and 2019, 730,309 adults (aged ≥ 18 years) responded to the Vigitel questionnaire, but 
64,088 had missing data for self-reported weight and height. We used Hot Deck imputation method for non-
survey response based on municipality, sex, age and education  attainment10, producing a final analytical sample 
of 730,309 adults from Vigitel 2006–2019.

Statistical analysis. Time trends and projected prevalences of BMI categories. We examined time trends 
in the prevalence of BMI categories between 2006 and 2019 according to sociodemographic characteristics (sex, 
age group, race/skin color, education attainment) and geographic units. BMI categories were defined per the 
WHO classification: underweight or normal weight (BMI < 25 kg/m2), pre-obesity (25 to < 30 kg/m2), obesity 
class I (30 to < 35 kg/m2), and obesity classes II and III (≥ 35 kg/m2)11. We also performed time trend analysis 
considering the definitions of overweight (≥ 25 kg/m2) and obesity (≥ 30 kg/m2). We performed simple Poisson 
and linear regression models to estimate the relative (prevalence ratio—PR) and absolute (prevalence differ-
ences—in percentage points—p.p.) increases in the prevalence of overweight, obesity and obesity classes II and 
III between 2006 and 2019.

A simple multinomial logistic regression model was used to predict the prevalence of each BMI category 
over time from 2006 through 2030. This model ensured the prevalence of all BMI categories adds up to 100% 
each year, and enables the estimation of a nonlinear trend in the prevalence of BMI  categories6. In addition, it 
implicitly considers the demographic composition of the population and the factors contributing to BMI changes 
over time (e.g., consumption of ultra-processed foods and physical inactivity)6. Thus, unlike studies estimat-
ing the causal effects of exposures on obesity risk, studies predicting BMI over time require no confounding 
 control6. Therefore, our simple multinomial logistic regression model included only BMI category (dependent 
variable) and time (independent variable). Same methodological approach has been used a previous study on 
projected obesity in  US6.

Regression models were conducted according to sex (men or women), age groups (18–34, 35–54 or ≥ 55 years), 
race/skin color (white or blacks and other minority ethnicities), educational attainment (0–7, 8–11 or ≥ 12 years 
of education) and geographic units (26 state capitals and the Federal District) independently, considering the 
Vigitel sample weights. We examined time trends (2006–2019) and projected (2020–2030) prevalence of each 
BMI category, as well as the prevalence of overweight (BMI ≥ 25 kg/m2), obesity (BMI ≥ 30 kg/m2) and obesity 
classes II and III (BMI ≥ 35 kg/m2).

Assessment of prediction accuracy. The accuracy of the prediction model was evaluated via a simple multino-
mial logistic regression model for BMI categories (dependent variable) and time (independent variable) from 
2006 to 2013. The predicted prevalence of each BMI category from 2014 to 2019 was estimated according to 
sex, and compared with the corresponding observed prevalence for that same year-sex. Model accuracy was 
measured via two metrics. First, we calculated the coverage probability, in which the 95% CI of each predicted 
prevalence between 2014 and 2019 were evaluated to ascertain whether they included the observed prevalence 
for that same year-sex stratum. Second, we evaluated whether the difference between predicted and the observed 
prevalences was lower than 10% (10% relative error).

Ethics approval. Vigitel was approved by the National Research Ethics Commission, and the identified 
databases are available at: http:// svs. aids. gov. br/ downl oad/ Vigit el/.

http://svs.aids.gov.br/download/Vigitel/
http://svs.aids.gov.br/download/Vigitel/
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Results
Time trends prevalence of overweight, obesity and obesity class II and III between 2006 and 
2019. In 2006, the prevalence of overweight, obesity and obesity classes II and III in Brazilian adults were 
30.9%, 8.6%, and 3.2%, respectively. In 2019, the prevalences reached 35.1% for overweight, 14.6% for obesity 
and 5.7% for obesity classes II and III (Fig. 1 and Table 1).

The prevalences of overweight, obesity and obesity classes II and III increased in all sociodemographic sub-
groups between 2006 and 2019 (Table 1). However, speed and extent of weight gain varied by sex, age group, race/
skin color and educational attainment. We observed a higher relative increase in the prevalence of overweight 
between 2006 and 2019 in women (PR 1.40, 95% CI 1.35–1.45), young adults (PR 1.48, 95% CI 1.40–1.57), blacks 
and other minority ethnicities (PR 1.32, 95% CI 1.28–1.37), and adults with 8–11 years of education (PR 2.07, 
95% CI 1.90–2.25). Similar pattern was observed for the increase in the prevalence of obesity by subgroups. 
For obesity classes II and III, the relative increase in the same period was higher in men (PR 1.80, 95% CI 
1.44–2.25), middle-aged adults (PR 1.87, 95% CI 1.56–2.24), blacks and other minority ethnicities (PR 1.97, 95% 
CI 1.70–2.29), and adults with 8–11 years of education (PR 2.55, 95% CI 2.13–3.06). Absolute differences in the 
prevalence of overweight, obesity and obesity classes II and II between 2006 and 2019 are displayed in the Table 1.

Projected prevalence of overweight, obesity and obesity class II and III by 2030. The projected 
prevalences by 2030 are estimated to be 68.1% for overweight, 29.6% for obesity and 9.3% for obesity classes II 
and III (Fig. 2). The prevalence of obesity is estimated to be 30.2% in women and 28.8% in men. Middle-aged 
adults, blacks and other minority ethnicities, and adults with lower educational attainment (none to seven years) 
are also estimated to have higher prevalences of obesity by 2030 (Fig. 2).

Northern and Midwestern capitals are estimated to have the highest prevalence of obesity by 2030; namely, 
Manaus (35.8%; 95% CI 31–40.6); Cuiabá (34.9%; 95% CI 30.7–39.1), and Rio Branco (32.8%; 95% CI 29.5–39.8). 
The capitals with the lowest prevalence of obesity are estimated to be Florianópolis (23.0%; CI 95% 19.6–26.5), 
Palmas (23.8% 95% CI 19.8–27.8), and Curitiba (24.9% 95% CI 21.5–28.4).

In 2030, a quarter of the adult population may be living with obesity (prevalence of obesity ≥ 25%) by 2030 in 
24 (88.8%) out of the 27 geographic units. The prevalence of obesity classes II and III is estimated to be higher 
than 10% in 8 (29.6%) out of 27 geographic units (Fig. S1 and Table S1).

Predictive accuracy of the model. Our model had a 21% coverage probability (i.e., the proportion of 
95% CI for the predicted obesity prevalence between 2014 and 2019 which included the observed prevalence 
for the same sex- and year-stratum). All projected prevalence from 2014 to 2019 showed a relative error lower 
than 10% (10% relative error) in relation to the observed prevalence. Our model showed a 54% accuracy when 
considered a 5% relative error (Table S2).

Discussion
In this study, we used data from 730,309 participants from Vigitel to examine time trends and projected obesity 
epidemic in Brazil between 2006 and 2030. Between 2006 and 2019, we observed a 30% increase in the prevalence 
of overweight (from 42.6 in 2006 to 55.4% in 2019), a 72% increase in the prevalence of obesity (from 11.8 to 
20.3%) and a 76% increase in the prevalence of obesity classes II and III (from 3.2 to 5.7%). The prevalences of 
BMI categories by 2030 are estimated to be 68.1% for overweight, 29.6% for obesity and 9.3% for obesity classes 
II and III.

The obesity epidemic is a global public health concern. In 2016, approximately 1.9 billion adults were living 
with obesity, and an increasing time trend has been observed in almost every country in the  world1. Studies on 
the projected future trajectories of obesity prevalence are scarce in low- and middle-income countries, despite 
its potential to inform the need for preventive strategies and preparedness of health systems to cope with obesity 
consequences. The World Obesity Atlas 2022 have recently estimated that 1 in 5 women and 1 in 7 men will 
live with obesity by  203012. The global projected prevalence by 2030 is estimated to be 17.5% (approximately, 1 
billion people) for obesity and 5.7% (333 million people) for obesity classes II and III. In Brazil, their projected 
prevalence of obesity is estimated to be 33% for women and 25% for men by 2030, which are similar to our find-
ings (women 30.2%; men 28.8%). Although these findings indicate an increasing obesity epidemic in Brazil, the 
Brazilian figures are still lower than other countries in Americas and worldwide. By 2030, 1 in 3 men (34.4%) 
and almost two-fifths of women (39.7%) living in Americas region are predicted to have obesity. The 10 highest 
projected prevalence of obesity in the Americas region ranged from 47% in US to 32% in Dominican Republic. 
In the global rank, Brazil is also not listed in the top 20 countries with highest projected prevalence of obesity by 
2030 (women: 69% in American Samoa to 50% in Turkey; Men: 67% in Nauru to 39% in Canada). Nonetheless, 
the increasing prevalence of obesity in Brazil is a concern as it will increase the burden of non-communicable 
diseases (NCDs) and its associated costs to the Brazilian Unified Health  System13.

Our findings indicate socioeconomic disparities in time trends and projected prevalence of obesity epidemic 
in Brazil. Data from 103 countries has also shown that as countries develop economically, overweight rates rise, 
affecting poorer individuals more  markedly14. Of note, we observed a higher relative increase in the prevalence 
of overweight between 2006 and 2019 in women, young adults, blacks and other minority ethnicities, and adults 
with 8–11 years of education. Similar results were observed for absolute increases in the prevalence of obesity. 
By 2030, 6 out of 10 adults with lower educational attainment (< 7 years of education) are estimated to be living 
with overweight. Adults with lower educational attainment and blacks and other minority ethnicities may have 
an even higher prevalence of obesity classes II to III by 2030, compared to its respective counterparts. In Brazil, 
educational attainment is a good proxy of socioeconomic status. People without access to formal education or 
those with < 7 years of education (elementary school only) are more likely to have lower socioeconomic status 
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Figure 1.  Time trends and projected prevalence of body mass index categories in Brazilian adults between 2006 
and 2030 according to sex.
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and worse health  outcomes15,16. These results corroborate the projected prevalence of obesity in the United States 
by 2030: 55.6% of participants with household income below $20.000/year will be living with obesity vs 41.7% in 
participants with higher household income (≥ $50.000/year). Lower educational attainment was also associated 
with a higher prevalence of obesity classes II to III in  US17. These findings suggest that public policies aimed at 
mitigating obesity inequalities are imperative.

Obesity is a major risk factor for several NCDs, such as cardiovascular diseases, diabetes, and several types of 
 cancer18,19. In 2019, NCDs were responsible for 55% of the 738.371 deaths in  Brazil20, of which, 56.1% or 173.207 
occurred in adults aged 30–69 years and, therefore, are premature and preventable (in principle). The increasing 
obesity epidemic has contributed to the increasing burden of cancer in Brazil. Approximately 15,000 cancer cases 
per year are attributable to high BMI in Brazil, and projections suggest that this number could surpass 29.000 
cases by  202518, The worldwide increase in obesity will impact the rise of other NCDs. Projections indicate that 
type 2 diabetes will affect at least half a billion people by  203021. For each 4 kg/m2 increase in BMI there is a 26% 
to 56% increase in the risk of ischemic heart  disease22. In Brazil, overweight and obesity has caused more than 
30,000 deaths per year from cardiovascular diseases, cancers and respiratory  diseases23.

Our study has important public health implications. Projected obesity epidemic in Brazil — a middle-income 
country with limited health care resources — reinforce that primary prevention is pivotal to change obesity 
trajectories in the country. Our findings also highlight the importance of obesity prevention strategies focusing 

Table 1.  Time trends prevalence of overweight, obesity, and obesity classes II and III in Brazilian adults 
between 2006 and 2019, according to sociodemographic characteristics. Abbreviation: CI, confidence interval; 
Kg/m2, kilograms per meters squared.

BMI categories/sociodemographic 
subgroups

Prevalence (95% CI) Prevalence ratio 
(95% CI)

Prevalence difference 
(95% CI)2006 2019

Overweight (≥ 25 kg/m2)

Overall 42.6 (41.8 to 43.5) 55.4 (54.4 to 56.3) 1.30 (1.26 to 1.33) 12.7 (11.5 to 14.0)

Men 47.5 (46.1 to 48.9) 57.1 (55.6 to 58.7) 1.20 (1.16 to 1.25) 9.6 (7.5 to 11.7)

Women 38.5 (37.4 to 39.6) 53.9 (52.7 to 55.0) 1.40 (1.35 to 1.45) 15.4 (13.8 to 17.0)

Younger adults (18–34 years) 30.3 (29.0 to 31.6) 44.9 (43.1 to 46.8) 1.48 (1.40 to 1.57 14.6 (12.4 to 16.9)

Middle-aged (35–54 years) 51.4 (50.0 to 52.8) 62.3 (60.1 to 63.7) 1.21 (1.17 to 1.26) 10.9 (8.9 to 12.9)

Older adults (55 + years) 54.4 (52.6 to 56.2) 61.5 (60.3 to 62.8) 1.13 (1.09 to 1.18) 7.2 (4.9 to 9.4)

Blacks and other ethnical minorities 42.8 (41.7 to 43.9) 56.5 (55.2 to 57.7) 1.32 (1.28 to 1.37) 13.7 (12.0 to 15.4)

Whites 42.4 (41.1 to 43.8) 53.8 (52.3 to 55.3) 1.27 (1.22 to 1.32) 11.4 (9.3 to 12.4)

0–7 years of education 49.7 (48.0 to 51.3) 61.1 (59.0 to 63.2) 1.23 (1.17 to 1.29) 11.4 (8.7 to 14.1)

8–11 years of education 39.4 (38.2 to 40.6) 55.0 (53.6 to 56.4) 1.40 (1.34 to 1.45) 15.6 (13.8 to 17.4)

12 + years of education 37.3 (35.7 to 39.0) 52.2 (50.6 to 53.9) 1.40 (1.32 to 1.48) 14.9 (12.6 to 17.3)

Obesity (≥ 30 kg/m2)

Overall 11.8 (11.2 to 12.4) 20.3 (19.5 to 21.0) 1.72 (1.62 to 1.83) 8.5 (7.6 to 9.4)

Men 11.4 (10.5 to 12.3) 19.5 (18.3 to 20.7) 1.71 (1.55 to 1.89) 8.1 (6.6 to 9.6)

Women 12.1 (11.4 to 12.9) 21.0 (20.0 to 21.9) 1.73 (1.60 to 1.86) 8.8 (7.6 to 10.0)

Younger adults (18–34 years) 7.5 (6.7 to 8.3) 15.5 (14.2 to 16.9) 2.08 (1.82 to 2.38) 8.1 (6.5 to 9.6)

Middle-aged (35–54 years) 14.2 (13.3 to 15.2) 23.6 (22.4 to 24.9) 1.66 (1.53 to 1.81) 9.4 (7.8 to 11.0)

Older adults (55 + years) 17.1 (15.7 to 18.5) 22.7 (21.7 to 23.8) 1.33 (1.21 to 1.47) 5.7 (3.9 to 7.5)

Blacks and other ethnical minorities 12.1 (11.4 to 12.8) 21.5 (20.5 to 22.5) 1.78 (1.65 to 1.92) 9.4 (8.2 to 10.7)

Whites 11.4 (10.5 to 12.3) 18.5 (17.4 to 19.6) 1.62 (1.47 to 1.80) 7.1 (5.7 to 8.5)

0–7 years of education 16.0 (14.9 to 17.3) 25.1 (23.4 to 26.9) 1.56 (1.41 to 1.73) 9.1 (6.9 to 11.2)

8–11 years of education 9.8 (9.2 to 9.6) 20.3 (19.2 to 21.4) 2.07 (1.90 to 2.25) 10.5 (9.2 to 11.7)

12 + years of education 8.6 (7.8 to 9.6) 17.2 (16.0 to 18.5) 1.99 (1.76 to 2.26) 8.6 (7.8 to 9.5)

Obesity class II and III (≥ 35 kg/m2)

Overall 3.2 (2.9 to 3.5) 5.7 (5.3 to 6.1) 1.76 (1.56 to 1.99) 2.4 (1.9 to 3.0)

Men 2.6 (2.2 to 3.1) 4.7 (4.2 to 5.4) 1.80 (1.44 to 2.25) 2.1 (1.3 to 2.9)

Women 3.7 (3.3 to 4.2) 6.5 (5.9 to 7.0) 1.74 (1.51 to 2.01) 2.7 (2.0 to 3.4)

Younger adults (18–34 years) 2.1 (1.7 to 2.6) 3.8 (3.2 to 4.5) 1.81 (1.38 to 2.38) 1.7 (0.9 to 2.5)

Middle-aged (35–54 years) 3.7 (3.2 to 4.3) 6.9 (6.2 to 7.8) 1.87 (1.56 to 2.24) 3.2 (2.3 to 4.2)

Older adults (55 + years) 4.8 (4.0 to 5.7) 6.6 (6.0 to 7.3) 1.39 (1.14 to 1.70) 1.9 (0.8 to 2.9)

Blacks and other ethnical minorities 3.2 (2.8 to 3.5) 6.2 (5.7 to 6.8) 1.97 (1.70 to 2.29) 3.1 (2.4 to 3.8)

Whites 3.3 (2.8 to 3.9) 4.8 (4.3 to 5.4) 1.48 (1.20 to 1.82) 1.6 (0.8 to 2.4)

0–7 years of education 5.0 (4.3 to 5.8) 7.6 (6.7 to 8.7) 1.52 (1.25 to 1.86) 2.6 (1.4 to 3.9)

8–11 years of education 2.2 (1.9 to 2.6) 5.7 (5.1 to 6.3) 2.55 (2.13 to 3.06) 3.4 (2.8 to 4.1)

12 + years of education 2.2 (1.8 to 2.7) 4.4 (3.8 to 5.1) 2.01 (1.55 to 2.61) 2.2 (1.4 to 3.0)
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the whole population, surveillance systems, and prevention research to better evaluate and design public health 
 strategies24. Moreover, our results showed that obesity affect more socioeconomically deprived groups, whose 
tend to have less access to healthcare and worse health  outcomes14. Therefore, public health policies better 
directed at preventing obesity and reducing social inequalities may reduce the disease burden for future genera-
tions, change the predicted trend, and protect vulnerable individuals.

Our predictions assume that no major changes in obesity determinants will take place in the next years. 
However, since the beginning of the Coronavirus pandemic in 2020, the world has been facing an unprecedent 
health, economic, and social crises, which disproportionately affect poor individuals and low- to middle-income 
 countries25–27. Unemployment and inflation have risen in Brazil, and austerity measures have jeopardized fund-
ing for social protection, compromising the food and nutrition security of vulnerable  groups28. Thus, we expect 
that the impoverishment of the population, alongside the limited economic access to healthy food and physical 
activity might lead to a sharper increase in obesity rates in the near  future29.

This study has some limitations. Weight and height were self-reported and therefore misclassification of BMI 
categories may have  ocurred30. In addition, we used hot deck imputation method due to 8.7% missing data of 
weight or height. The use of landlines in the survey may have included adults with a higher socioeconomic level 
than the average population of Brazilian  capitals31,32. However, BMI results from Vigitel have a high agreement 
with other nationally representative surveys in Brazil. Similarly, projected obesity epidemic based on adults living 
in capital cities may not reflect the entire Brazilian adult population, since they are more industrialized and eco-
nomically developed than the non-capital municipalities. Our model had a moderate to good predictive accuracy.

Conclusions
In conclusion, our results indicate an increasing obesity epidemic in Brazil. The prevalences of overweight, 
obesity and obesity classes II and III increased in all sociodemographic subgroups between 2006 and 2019. 
However, speed and extent of weight gain varied by sex, age group, race/skin color and educational attainment. 
We observed a higher relative increase in the obesity epidemic among women, young adults, blacks and other 
minority ethnicities, and adults with 8–11 years of education.

The projected prevalence of obesity may affect 3 out of 10 Brazilian adults by 2030; obesity classes II and III 
may affect 1 out of 10 adults. Our results also highlighted marked regional and sociodemographic inequalities 
in the obesity epidemic by 2030; approximately 24 out of the 27 geographic units may have more than a quarter 
of their population living with obesity; and prevalence of obesity classes II and III may be higher than 10% in 
eight out of the 27 geographic units.

Data availability
All data generated as part of this manuscript are included as additional files in this published article.
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Figure 2.  Projected prevalence of underweight or normal weight, pre-obesity, obesity and obesity classes II and 
III in Brazilian adults by 2030 according to sociodemographic characteristics.



7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:12699  | https://doi.org/10.1038/s41598-022-16934-5

www.nature.com/scientificreports/

 3. World Obesity Federation. World Obesity Atlas 2022. London: WOF; 2022. https:// www. world obesi ty. org/ resou rces/ resou rce- libra 
ry/ world- obesi ty- atlas- 2022. Accessed June 7, 2022.

 4. IBGE. Pesquisa de orçamentos familiares 2017–2018: primeiros resultados. IBGE, Coordenação de Trabalho e Rendimento. Rio 
de Janeiro: IBGE (2019).

 5. IBGE. Pesquisa nacional de saúde.: 2019: atenção primária à saúde e informações antropométricas : Brasil / IBGE, Coordenação 
de Trabalho e Rendimento. Rio de Janeiro: IBGE (2020).

 6. Ward, Z. J. et al. Projected U.S. State-Level Prevalence of Adult Obesity and Severe Obesity. N. Engl. J. Med. 381, 2440–2450 (2019).
 7. Cobiac, L. J. & Scarborough, P. Modelling future trajectories of obesity and body mass index in England. PLoS ONE 16, e0252072 

(2021).
 8. da Silva, L. E. S. et al. Data resource profile: Surveillance system of risk and protective factors for chronic diseases by telephone 

survey for adults in Brazil (Vigitel). Int. J. Epidemiol. 50, 1058–1063 (2021).
 9. Ogden, C. L. et al. Prevalence of obesity among adults, by household income and education - United States, 2011–2014. MMWR 

Morb. Mortal Wkly. Rep. 66, 1369–1373 (2017).
 10. Andridge, R. R. & Little, R. J. A review of hot deck imputation for survey non-response. Int. Stat. Rev. 78, 40–64 (2010).
 11. World Health Organization. https:// www. euro. who. int/ en/ health- topics/ disea se- preve ntion/ nutri tion/a- healt hy- lifes tyle/ body- 

mass- index- bmi Accessed October 21, 2021 (2021).
 12. NCD Risk Factor Collaboration. https:// ncdri sc. org/ obesi ty- preva lence- proje ction- map. html. [Accessed December 8th, 2021]. , 

2021).
 13. Ferrari, G. et al. The economic burden of overweight and obesity in Brazil: Perspectives for the Brazilian Unified Health System. 

Public Health 207, 82–87 (2022).
 14. Templin, T., Cravo Oliveira Hashiguchi, T., Thomson, B., Dieleman, J. & Bendavid, E. The overweight and obesity transition from 

the wealthy to the poor in low- and middle-income countries: A survey of household data from 103 countries. PLoS Med. 16, 
e1002968 (2019).

 15. Ferrari, G., Dulgheroff, P. T., Claro, R. M., Rezende, L. F. M. & Azeredo, C. M. Socioeconomic inequalities in physical activity in 
Brazil: A pooled cross-sectional analysis from 2013 to 2019. Int. J. Equity Health 20, 188 (2021).

 16. Dulgheroff, P. T. et al. Educational disparities in hypertension, diabetes, obesity and smoking in Brazil: a trend analysis of 578 977 
adults from a national survey, 2007–2018. BMJ Open 11, e046154 (2021).

 17. Hales, C. M. et al. Differences in obesity prevalence by demographic characteristics and urbanization level among adults in the 
United States, 2013–2016. JAMA 319, 2419–2429 (2018).

 18. Rezende, L. F. M. et al. The increasing burden of cancer attributable to high body mass index in Brazil. Cancer Epidemiol. 54, 63–70 
(2018).

 19. Singh, G. M. et al. The age-specific quantitative effects of metabolic risk factors on cardiovascular diseases and diabetes: a pooled 
analysis. PLoS ONE 8, e65174 (2013).

 20. Global Burden of Disease. https:// vizhub. healt hdata. org/ gbd- compa re/, Accessed 20 th Ago 2021. (2019).
 21. Gillman, M. W. & Ludwig, D. S. How early should obesity prevention start?. N. Engl. J. Med. 369, 2173–2175 (2013).
 22. Nordestgaard, B. G. et al. The effect of elevated body mass index on ischemic heart disease risk: Causal estimates from a Mendelian 

randomisation approach. PLoS Med. 9, e1001212 (2012).
 23. Rabacow, F. M., Azeredo, C. M. & Rezende, L. F. M. Deaths Attributable to High Body Mass in Brazil. Prev. Chronic. Dis. 16, E141 

(2019).
 24. Ford, N. D., Patel, S. A. & Narayan, K. M. Obesity in low- and middle-income countries: Burden, drivers, and emerging challenges. 

Annu Rev Public Health 38, 145–164 (2017).
 25. Roelen, K., Ackley, C., Boyce, P., Farina, N. & Ripoll, S. COVID-19 in LMICs: The need to place stigma front and centre to its 

response. Eur. J. Dev. Res. 1–21 (2020).
 26. Hargreaves, J., Davey, C. & Group for lessons from pandemic, H. I. V. p. f. t. C.-r. Three lessons for the COVID-19 response from 

pandemic HIV. Lancet HIV 7, e309-e311 (2020).
 27. Marmot, M. Society and the slow burn of inequality. Lancet 395, 1413–1414 (2020).
 28. Carvalho, C. A., Viola, P. & Sperandio, N. How is Brazil facing the crisis of Food and Nutrition Security during the COVID-19 

pandemic?. Public Health Nutr. 24, 561–564 (2021).
 29. Dwyer, M. J., Pasini, M., De Dominicis, S. & Righi, E. Physical activity: Benefits and challenges during the COVID-19 pandemic. 

Scand. J. Med. Sci. Sports 30, 1291–1294 (2020).
 30. Moreira, N. F. et al. Self-reported weight and height are valid measures to determine weight status: results from the Brazilian 

National Health Survey (PNS 2013). Cad Saude Publica 34, e00063917 (2018).
 31. Agência Nacional de Telecomunicações, A. Telefonia Fixa. https:// www. anatel. gov. br/ paine is/ acess os/ telef onia- fixa (accessed 

December 2020). . (2020).
 32. Bernal, R. T., Malta, D. C., Araujo, T. S. & Silva, N. N. Telephone survey: post-stratification adjustments to compensate non-coverage 

bias in city of Rio Branco, Northern Brazil. Rev. Saude Publica 47, 316–325 (2013).

Author contributions
J.M.E., and L.F.M.R., conceived, designed, and helped to write and revise the manuscript; J.G-H., J.L., C.M.A., 
R.C., G.F., and F.A., interpreted the data, helped to write and revise the manuscript. All authors contributed to 
the study design, critically reviewed the manuscript, and approved the final version.

Funding
This project was supported by grants from the Brazilian National Council of Scientific and Technological Devel-
opment (CNPq), no. 442658/2019–2.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 16934-5.

Correspondence and requests for materials should be addressed to L.F.M.R.

Reprints and permissions information is available at www.nature.com/reprints.

https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://ncdrisc.org/obesity-prevalence-projection-map.html
https://vizhub.healthdata.org/gbd-compare/
https://www.anatel.gov.br/paineis/acessos/telefonia-fixa
https://doi.org/10.1038/s41598-022-16934-5
https://doi.org/10.1038/s41598-022-16934-5
www.nature.com/reprints


8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:12699  | https://doi.org/10.1038/s41598-022-16934-5

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Time trends and projected obesity epidemic in Brazilian adults between 2006 and 2030
	Methods
	Study design, data source, and sample. 
	Statistical analysis. 
	Time trends and projected prevalences of BMI categories. 
	Assessment of prediction accuracy. 

	Ethics approval. 

	Results
	Time trends prevalence of overweight, obesity and obesity class II and III between 2006 and 2019. 
	Projected prevalence of overweight, obesity and obesity class II and III by 2030. 
	Predictive accuracy of the model. 

	Discussion
	Conclusions
	References


