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Abstract The aim of this article is to analyze and quantify changes in acceleration and/or deceleration in temporal
trends in the prevalence of overweight and obesity in adults in Brazilian capitals and the Federal District between
2006 and 2021. Using data from Risk and Protective Factors Surveillance System for Chronic Diseases by Telephone
Interviews (Vigitel), joinpoint regression analyses were performed to identify potential inflection points in trends and
to estimate the annual percentage change (VPA) of overweight and obesity prevalence. Obesity prevalence increased
Sfrom 11.9% in 2006 to 22.4% in 2021, and that of overweight from 37.3% in 2006 to 58.8% in 2021. The increase in
obesity suggests an annual growth rate of 5.8% (95%CI 4.7; 7.0) in the period from 2006 to 2012, and after that, a
slower annual rate of 2.7% (95%CI 2.1; 3.3) between 2012 and 2021. The same trend pattern occurs for overweight
prevalence, which grew by 2.9% (95%CI 2.7; 3.2) from 2006 to 2013, and by 1.3% (95%CI 1.1; 1.5) from 2013 to
2021. Reductions in the growth rates were more intense for women with less than 8 years of schooling. The results
indicate a likely deceleration in the growth rates of the prevalence of overweight and obesity from 2012/2013 among
Brazilian adults.
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Introduction

Obesity is one of the greatest global public health
challenges. Prevalence of overweight has tripled
worldwide since 1975', affecting almost one
quarter of the global population in 2019°. Obe-
sity is associated with a range of noncommuni-
cable diseases (NCDs), including cardiovascular
diseases, type 2 diabetes mellitus and some types
of cancers’, and is one of the leading factors con-
tributing to the global burden of disease and
years of life lost due to disability*.

In view of this problem, the creation of health
surveillance policies that enable the monitoring
and analysis of trends in obesity and overweight
is a priority for national governments. In Brazil,
since 2006, the annual Surveillance of Risk and
Protective Factors for Chronic Diseases Tele-
phone Survey (Vigitel) has been collecting data
on height and weight, socioeconomic and demo-
graphic characteristics, behavior and health status
among adults living in the country’s capital cities
and the Federal District (DF). The annual nature
of the survey and the long period covered by data
mean it is possible to monitor trends in the obe-
sity epidemic and provide essential information
to help shape public policies designed to address
this problem and evaluate implementation®.

A study using Vigitel data showed that the
prevalence of overweight and obesity increased
from 42.6% and 55.4%, respectively, in 2006,
to 11.8% and 20.3%, respectively, in 2019°. The
2020 and 2021 Vigitel reports indicate that this
upward trend was maintained®’. However, these
studies did not explore eventual shifts in trends
in time series, which can help identify points
of acceleration and deceleration and stabiliza-
tion or contraction of the epidemic, providing
important insights into the potential effects of
public policies. This first-of-its-kind study inves-
tigates potential shifts in trends in prevalence of
overweight and obesity among adults living in
the country’s capital cities and the DF between
2006 and 2021.

Methods

We used Vigitel data for the period 2006-2021.
The data are freely available to the public on the
national health system’s department of infor-
matics’ (DATASUS) website. Each edition of the
Vigitel was approved by the National Research
Ethics Committee attached to the Ministry of
Health, and verbal informed consent was ob-
tained from all respondents.

The Vigitel sampling process consists of the
random selection of 10,000 landline telephone
numbers distributed uniformly across the coun-
try®. One individual aged 18 years or over is
then randomly selected from each household
and asked to answer a questionnaire. A mean of
approximately 2,000 interviews were conduct-
ed annually in each capital, except in 2020 and
2021, when the number of interviews was re-
duced to 1,000 per capital due to the COVID-19
pandemic. The total population over the period
2006-2021 was 811,753 respondents (an average
of 50,735 per edition).

Self-reported weight and height were used
to calculate overweight and obesity rates. The
respondent is asked to say their approximate
weight in kilograms (accepting weights of be-
tween 30 and 300 kg) and height in meters (ac-
cepting heights of between 1.20 and 2.20 m).
Body mass index [weight (kg)/height (m)*] was
used to classify obesity (= 30 kg/m?) and over-
weight (> 25 kg/m?). Missing data from respon-
dents who were unaware of their weight and
height or did not wish to respond were imputed
using the Hot Deck method®. Further informa-
tion about methodology can be found in the an-
nual Vigitel reports.

National overweight and obesity prevalence
rates and their respective 95% confidence inter-
vals (95%CI; p < 0.05) were described for each
year of the study by sex (female and male) and
education level (up to 8 years of schooling, 9-11
years; and 12 years and over). Absolute per-
centage-point (pp) differences in prevalence
between the beginning and end of the period
(delta) were calculated and the t-test was used
to assess the statistical significance of these dif-
ferences.

Joinpoint v.4.9.1.0 (The National Cancer In-
stitute, MD, EUA) was used to perform the time
series analysis and calculate annual percentage
change (APC). This software detects linear pat-
terns in the distribution of estimated annual
prevalence rates, identifying line segments with
similar APC. The null hypothesis of this analysis
was that a single linear equation explains year-
to-year variability and the alternative hypothesis
was that two or more linear equations better ex-
plain this variability. In other words, the analysis
identifies whether there are inflection points in
the time series data, indicating potential shifts
in trends. We described APC and respective
95%CI (p < 0.05) across all years, comparing
the following strata: sex (male and female); and
education level (low: up to 8 years of schooling;
and high: 12 years and over).



The Vigitel estimated prevalence rates are
weighted using preestablished weighting factors
to correct for the unequal probability of select-
ing households with more than one telephone
line or adult resident and to match the sex, age
and education level strata with the sociode-
mographic structure of the total adult popu-
lation in each location in each year (based on
census data or official population projections
when the former were not available). RStudio
v2022.07.2+576% was used to calculate mean
prevalence rates and their respective 95%CI (p
< 0.05) and to perform the t-test for hypothesis
testing.

Results

National prevalence of obesity rose 10.5 pp be-
tween 2006 and 2021 (from 11.9% to 22.4%).
This trend and the magnitude of change was
consistent across all population strata, ranging
from 10 pp among men with at least 12 years
of schooling and 14.8 pp in women with 9-11
years of schooling. National prevalence of over-
weight rose 18.2 pp (from 37.3% to 53.8%). The
increase of overweight was more pronounced in
women with 9-11 years of schooling (23.5 pp)
and less pronounced among men with at least
12 years of schooling, with overall growth of
11.3 pp (Supplementary Table 1 - available at
https://doi.org/10.48331/scielodata.U4BENU).

The results of the time series analysis show
that the prevalence growth rate was not even
over study period. Between 2006 and 2012, APC
for obesity prevalence was 5.8%, compared to
2.7% between 2012 and 2021, showing a signif-
icant reduction in the pace of growth (Table 1;
Figure la).

The analysis of the data stratified accord-
ing to sex reveals similar results to those of the
general population, with the period 2006-2012
seeing a sharper increase in prevalence of obe-
sity than the period 2012-2021 (APC of 5.9%
and 2.7%, respectively, for both sexes). Howev-
er, trends differed according to education level,
with a slowdown in growth of obesity from 2013
among people with at least 8 years of schooling
(5.3% of APC up to 2013 compared to 1.7% in
the following period). This break was not ob-
served however in the stratum with at least 12
years of schooling, with APC stabilizing at 4.8%
throughout the study period (Table 1; Figure
1b).

Women with a low level of education
showed a similar break in trend to that of the

general population, with an APC of 5.7% up to
2013 and 1.8% up to 2021. In contrast, among
women with a high level of education APC was
6.2% throughout the whole study period. Men
showed a similar upward trend in prevalence of
obesity across both education groups (APC of
3.6% throughout the whole study period) (Table
1; Figure 1c).

As with obesity, the rate of increase in preva-
lence of overweight was not even over the study
period among the general population. APC
decreased from 2.9% up to 2013 to 1.3% from
2013 up to the end of the time series, revealing a
slowdown in growth (Table 2; Figure 1a).

The findings reveal differences between
men and women, with the former showing a
significant increase in prevalence of overweight
from 2006 to 2015 (APC 2.2%), followed by a
stationary trend between 2015 and 2019 (APC
-0.1%; not statistically significant), increasing
once again up to the end of the time series (APC
2.3%). This stationary trend was not observed
among women, who showed an APC of 3.7% up
to 2012, falling to 1.9% for the rest of the time
series. As with obesity, the results of the time
series analysis reveal differences in overweight
prevalence growth rates according to education
level. APC among the group with up to 8 years
of schooling was 5.2% up to 2014, falling to 0.8%
throughout the rest of the time series. A point
of inflection was not found in the group with
at least 12 years of schooling, which showed an
APC of 2.3% over the whole period (Table 2;
Figure 1b).

The results of the analysis by sex and level
of education showed that trends were not even.
Among women with a low level of education,
there was a slowdown in the overweight prev-
alence growth rate, from 2.8% between 2006
and 2014 to 1.0% between 2014 and the end
of the time series. A break was not observed in
women with a high level of education, with APC
remaining stable at 3.9% throughout the study
period. Breaks were not observed in men, with
APC remaining stable throughout the study pe-
riod at 1.5% for the group with a low level of
education and at 1.1% for those with a high level
(Table 2; Figure 1c).

Discussion

The data on weight and height collected during
the period 2006-2021 from a sample of over
810,000 adults living in the country’s capital
cities and the DF indicate changing patterns of
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Table 1. Annual percentage change (total and in periods determined by inflection points) for prevalence of
obesity among the adult population (18 years and over) living in Brazil’s capital cities and the Federal District by
sex. level of education. and sex stratified by level of education.

Period 1 Period 2
Models MAPC?>  Inflection APC? APC?
A Years Years
(95%CI) points (95%CI) (95%CI)
General trend 3.9 (3.4-4.4) 1 2006 - 2012 5.8 (4.7-7.0) 2012 -2021 2.7 (2.1-3.3)
Sex
Women and men 4.0 (3.4-4.5) 1 2006 - 2012 5.9 (4.7-7.1) 2012 -2021 2.7 (2.1-3.3)
Education level
General pop
< 8 years 3.3(2.8-3.8) 1 2006 - 2013 5.3 (4.4-6.2) 2013-2021 1.7 (1.1-2.4)
> 12 years 4.8 (4.0-5.5) 0 2006 - 2021 4.8 (4.0-5.5)
Women
< 8 years 3.3(2.6-4.1) 1 2006 - 2012 5.7 (4.1-7.4) 2012 -2021 1.8 (0.9-2.6)
> 12 years 6.2 (5.1-7.3) 0 2006 - 2021 6.2 (5.1-7.3) - -
Men
< 8yearsand > 12 years 3.6 (3.1-4.1) 0 2006 - 2021 3.6 (3.1-4.1) - -
! Mean annual percentage change; > annual percentage change.
Source: Authors.
(a) Trends in the general population.
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Figure 1. Temporal trends with points of inflection in prevalence of overweight and obesity among the adult
population (18 years and over) living in Brazil’s capital cities and the Federal District by sex and education level.

prevalence of overweight and obesity, revealing
an upward trend in rates throughout the peri-
od marked by a slowdown in growth from 2012

and 2013. This slowdown was more pronounced
in women with a low level of education.



(b) Trends stratified by sex and trends stratified by education level.
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Figure 1. Temporal trends with points of inflection in prevalence of overweight and obesity among the adult
population (18 years and over) living in Brazil’s capital cities and the Federal District by sex and education level.

Understanding the causes of this slowdown
is a complex task and the results should be in-
terpreted with caution. However, it is worth
noting that this slowdown occurred in tandem

with a decline in the share of ultra-processed
foods in household food purchases’. High rates
of consumption of these foods is strongly as-
sociated with increased risk of overweight and
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(c) Trends among women and men stratified by education level.
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Figure 1. Temporal trends with points of inflection in prevalence of overweight and obesity among the adult
population (18 years and over) living in Brazil’s capital cities and the Federal District by sex and education level.

Source: Authors.

obesity'*'?, with a study analyzing data from 80
countries showing that increased sales of these
products between 2002 and 2016 was positively
associated with population-level BMI trajec-

tories". Data from household budget surveys
shows that there was a 4pp/year rise in purchas-
es of ultra-processed foods between the periods
2002-2003 and 2008-2009; however, between



Table 2. Annual percentage change (total and in periods determined by inflection points) for prevalence of overweight among
the adult population (18 years and over) living in Brazil’s capital cities and the Federal District by sex, level of education, and sex
stratified by level of education.

Periodo 1 Periodo 2 Periodo 3
Models MAPC?  Inflection Years APC? Years APC? Years APC?
(95%CI) points (95%CI) (95%CI) (95%CI)

General trend 2.1 (1.9-2.2) 1 2006 - 2013 2.9 (2.7-3.2) 2013 -2021 1.3(1.1-1.5) - -
Sex

Women 2.6 (2.2-3.1) 1 2006 - 2012 3.7 (2.8-4.7) 2012 -2021 1.9(1.4-2.4) - -

Men 1.6 (1.0-2.1) 2 2006 - 2015 2.2 (1.9-2.4) 2015-2019 -0.1(-1.5-1.2) 2019-2021 2.3(-1.5-6.2)
Education level
General pop

< 8 years 1.7 (1.3-2.2) 0 2006 - 2014 5.2 (4.1-6.3) 2014 - 2021 0.8 (0.0-1.5) - -

> 12 years 2.3 (2.0-2.7) 2006 - 2021 2.3 (2.0-2.7)
Women

< 8 years 2 (1.5-2.5) 1 2006 - 2014 2.8 (2.1-3.6) 2014 -2021 1.0(0.2-1.9) - -

> 12 years 3.9(3.3-4.5) 1 2006 - 2021 3.9 (3.3-4.5) - - - -
Men

< 8 years 1.5 (1.1-1.9) 0 2006 - 2021 1.5(1.1-1.9) - - - -

> 12 years 1.1 (0.9-1.4) 0 2006 - 2021 1.1(0.9-14) - - - -

! Mean annual percentage change; > annual percentage change.

Source: Authors.

the periods 2008-2009 and 2017-2018 the rate
of growth fell to 2pp/year. A similar trend was
observed with data limited to urban areas and
metropolitan regions, where the population is
similar to that of the Vigitel sample®. Previous
results from the Vigitel also suggest a signif-
icant reduction in the consumption of sodas
and artificial fruit juices between 2011 and 2017
(APC of -10.96%; 95%CI -12.4%; -9.5%). This
reduction was also more pronounced in women
(APC of -11.69%; 95%CI -13.7%; -9.6%) and in-
dividuals with a low level of education (APC of
-12.14%; 95%CI 14.8%; -9.4%)™.

Possible explanations for these shifts in
trends include an increased focus on public pol-
icies addressing obesity from the beginning of
the 2000s. Measures included the provision of
healthy school meals, strengthening of actions
to promote healthy eating and exercise in pri-
mary health care services, the launch of the stra-
tegic action plan to tackle NCDs in Brazil and
the integration of actions to promote food and
nutrition security between different govern-
ment sectors®.

Despite the above measures and decline in
obesity and overweight growth rates, it is not
possible to say that the obesity epidemic in Bra-
zil is under control. Brazil has experienced a

major political and economic crisis over the last
decade as a consequence of the agendas of re-
cent federal governments. This includes, among
other aspects, the imposition of a health spend-
ing ceiling in 2016, dismantling of the National
Council for Food Security and Nutrition (CON-
SEA) in 2018 (which was reestablished only in
2022), and increase in non-evidence-based in-
terventions, culminating in the dismantling of a
large part of science, education and health pol-
icies's. The COVID-19 pandemic, which start-
ed to unfold in 2020, complicated this situation
even more, with the Latin American Federation
of Obesity Societies calling it a “tragedy of two
pandemics”". On the other hand, Brazil’s return
to the hunger map is a result of reduced access
to food, which may have also partially con-
tributed to the slowdown in growth of obesity
among some population strata'.

Another important point is the recent
growth in prevalence of overweight among Bra-
zilian children (defined by the World Health
Organization as > +2 standard deviations from
weight-for-height z-scores). There was an ap-
parently stationary trend in prevalence of over-
weight in children under 5 up to 2007, with the
rate standing at around 7%. This trend was not
confirmed however in the last representative
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survey conducted in 2019, which showed that
prevalence of overweight among this age group
was significantly higher, at 10.1%".

Data from the national health survey, which
collects household data in both rural and urban
areas across all Brazil’s regions, also reveal an
increase in prevalence of obesity among adults,
from 20.8%, in 2013, to 25.9%, in 2019, which is
equivalent to 5.1 pp over the period. The same
study shows that the obesity growth rate began
to rise once again in the latest period®.

In Mexico, which recently began to imple-
ment a comprehensive set of policies to curb
consumption of ultra-processed foods, data
from the National Health and Nutrition Sur-
vey (ENSANUT) suggest improvements in the
control of the obesity epidemic. The findings re-
veal a fall in prevalence of overweight across the
adult population between 2020 and 2021, from
35.2% to 32.8% among women and 40.6% to
37.8% among men. Younger age groups showed
a decline in prevalence of overweight: school-
children aged 5-11 years (from 19.6% to 18.8%);
and adolescents (26.8% to 24.7%). However,
prevalence of obesity rose slightly among men
in the same period, from 31.5% to 31.8%. This
increase was more pronounced among women
(from 37.6% to 39. 0%)%.

Temporal trends in nutritional status are
complex measures. In a study investigating lit-
erature from other countries suggesting breaks
and decreases in obesity rates, Visscher et al.
(2015) identified bias related to measurement

errors, lack of representativeness and few
timeseries data points, as well as studies whose
results were not confirmed by subsequent stud-
ies?!. One of the limitations of the Vigitel is the
fact that the sample is limited to individuals
with a landline telephone living in capital cities.
However, the estimates of prevalence of obesity
are very similar to those of the national health
survey, which is countrywide®.

On the other hand, the present study ana-
lyzes relatively long breaks in trends and the
general sample is representative of the target
population and strata analyzed. While the mea-
sure of BMI adopted by this study (based on
self-reported weight and height) is prone to in-
accuracies, this method has been previously val-
idated for use with the adult population in Bra-
zil®. Finally, it is important to highlight that the
COVID-19 pandemic affected data collection in
the 2020 and 2021 editions of the Vigitel, when
the sample was half the usual size’.

Conclusion

The results of this first-of-its-kind study show
shifting trends in overweight and obesity in Bra-
zil, with a slowdown in rates of growth among
the adult population living in capital cities and
the DE. This break in trends was more pro-
nounced in women with a low level of education.
Future research using Vigitel data should be car-
ried out to verify whether this trend continues.
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