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Abstract 

Background: Diabetes is increasing globally, particularly in low and middle income countries, posing a great chal-
lenge to health systems. Brazil is currently ranked 4th in the world in terms of the absolute number of persons with 
diabetes. Our aim was to analyze the trend in self-reported diabetes prevalence between 2006 and 2014 in Brazilian 
adults.

Methods: We used data from the national telephone survey—VIGITEL. Over 40,000 individuals from probabilistic 
sample of subjects ≥18 years old residing in 26 state capitals and the Federal District were interviewed per year 
in each location. Estimates were weighted to represent the surveyed population. We analyzed trends with a linear 
regression model. We adjusted prevalence with a probability predictive margins model, using as reference categories: 
men, 18–24 years, ≥12 years of schooling and lean/normal weight.

Results: From 2006 to 2014, the overall prevalence increased from 5.5 to 8.0 %, a net rise of 0.26 %/year (P = 0.001). 
After adjustment for sex, age, schooling and BMI categories, the trend decreased only slightly to 0.25 %/year. Rela-
tively greater adjusted increases were present in men (0.28 %/year), in those ≥65 years (0.52 %/year), with ≤8 years 
of schooling (0.33 %/year) and in those overweight (0.24 %/year). The most consistent upward trends were observed 
among men (coefficient of determination, R2 = 0.93), those with educational attainment of 0–8 years (R2 = 0.81), 
those > 65 years (R2 = 0.79) and those who were overweight (R2 = 0.75). There was no significant trend in diabetes 
prevalence for the obese. As expected, the prevalence of self-reported diabetes was always higher among those with 
greater age, less schooling, in women, and in those with obesity. Being obese was associated with having more than 
twice the prevalence of diabetes of those normal/underweight.

Conclusions: Prevalence of self-reported diabetes in Brazilian adults has risen between 2006 and 2014, especially 
among those 65 years or older, even after taking into account the sociodemographic and nutritional changes during 
the period. Regardless of possible causes (higher incidence, increased diagnosis or decreased mortality), this increase 
in prevalence has enormous implications for the health system, representing >300,000 newly diagnosed cases of 
diabetes yearly requiring health care.
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Background
To halt the rise in the prevalence of diabetes is one of 
the most difficult non-communicable diseases (NCDs) 

voluntary goals stated by the nations and the World 
Health Organization [1–4]. The International Federation 
of Diabetes (IDF) has projected a 53 % rise in the preva-
lence of diabetes by 2035 from its 2014 estimate of 8.3 %, 
affecting mostly low and middle income countries [5].

The rise in diabetes prevalence, which initiated in the 
last century, has been accompanied by marked societal 
changes, notably aging of the population, urbanization 
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and industrialization, as well as by changes in the ways 
that people eat and move, and by the marked global 
increases in overweight and obesity [1–3].

A recent systematic review involving over 4 million 
subjects aged 18  years or older and covering 146 coun-
tries and territories indicated that age-standardized dia-
betes prevalence increased from 4.3 to 9.0  % in adult 
men, and from 5.5 to 7.9  % in adult women, between 
1980 and 2014, respectively. The rise is greater in low and 
middle income countries, both in terms of the number 
of individuals affected and the relative percent increase. 
Based on these findings, the authors estimated that, if 
post-2000 trends continue, the probability of achieving 
the global NCD target by 2025 is around 1 % [6].

Brazil, a large high-middle income country ranks 
among the top five with the largest number of individu-
als affected with diabetes [5, 6]. The purpose of this study 
is to analyze the recent trend (2006–2014) in the preva-
lence of self-reported diabetes in the 26 capital cities 
and the Federal District of Brazil, both before and after 
taking into account changes in population age structure 
and obesity indices which occurred during the covered 
period.

Methods
We analyzed secondary data from Vigitel (Sistema de 
vigilância de fatores de risco e proteção para doenças 
crônicas por inquérito telefônico), the Brazilian behavior 
risk fator telephone survey. Since 2006, Vigitel furnishes 
yearly estimates of the prevalence of diabetes based on 
replies to the question “Have you been told by a physi-
cian that you have diabetes?” Vigitel conducts telephone 
interviews in probabilistic samples of the adult (aged 18 
or over) residents of the 26 capital cities of Brazil and the 
Federal District possessing land line telephones. Annu-
ally, it performs 1500–2000 of these interviews in each of 
these capitals, reaching a total of more than 40,000 indi-
viduals each year.

Selection of participants was performed via two stage 
probabilistic sampling: (1) using lists of Brazil’s main land 
line telephone operators, a systematic sample of 5000 
telephone numbers in each city was drawn, followed by 
an additional sampling of 25 repeat sub-samples of 200 
numbers; (2) for each active residential number for which 
contact with a consenting adult resident was achieved, 
one resident aged 18 or over was randomly selected to 
participate in the interview.

Given the complex sampling scheme of Vigitel and the 
fact that, according to the 2010 Brazilian census, 61 % of 
residences in the capitals have a land line [7], the preva-
lences found were weighted so as to diminish differences 
between the covered population and that without land 
lines. These weighting factors are based on the design 

factor, determined as the inverse of the number of land 
lines and of adults in the residence and a post-stratifica-
tion factor, which considers the sociodemographic distri-
bution according to sex, age and educational attainment 
of the sample obtained and of the total population of the 
capital cities and Federal District, this latter obtained 
from the population census of 2010 and intercensus pro-
jections between 2000 and 2010 census. For estimates 
related to the overall sample considering all capitals, an 
additional factor is added—the ratio of the proportion of 
adults in a given capital to the total of adults in the whole 
sample [8].

For the analyses of temporal trends, the annual preva-
lences and their respective 95  % confidence intervals 
(95 % CI) were obtained for each strata of sex, age, educa-
tional attainment, and body mass index (BMI). BMI was 
calculated at weight/height2, being imputed in the case of 
missing values. Adjusted prevalences were then obtained 
using probability predictive margins with the Stata com-
mand Margins. Predicted values considered the mean 
of the distribution of each covariate in the population at 
the moment of each survey included in the trend analysis 
[9]. We used those having the lowest prevalences as the 
reference categories in these adjustments: male sex, age 
18–24 years, educational attainment ≥12 years, and BMI 
<25  kg/m2 (underweight/eutrophic). All analyses were 
performed with Stata 12.0.

We then performed an additional trend analysis based 
on multiple linear regression using these adjusted preva-
lences and having calendar year as the independent vari-
able. We investigated non-linear relationships by adding 
quadratic terms to the model. The model fit was assessed 
using residuals (residual  ×  predicted plot, normality of 
residuals, and homogeneity of variances) and the coef-
ficient of determination of the final models (R2 being 
≥70  %). In the presence of heteroscedasticity, we used 
a robust estimator to calculate the standard error of the 
regression coefficients.

The variance inflation factor in the models used was 
never greater than 1.15, indicating the absence of rel-
evant multi-collinearity. We adopted a significance level 
of 5 %.

Ethics, consent and permissions
The Vigitel survey was approved by the Brazilian 
National Commission of Ethics in Research (CONEP), 
register number 13081/2008 as updated on June 26, 2013 
(No. 355.590). These analyses were approved by the Eth-
ics in Research Committee of the Hospital de Clinicas 
de Porto Alegre, on March 3, 2010 (No. 100056). Data, 
after removal of personal identifiers, are publically dis-
tributed and can be solicited at http://svs.aids.gov.br/
bases_vigitel_viva/.

http://svs.aids.gov.br/bases_vigitel_viva/
http://svs.aids.gov.br/bases_vigitel_viva/
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Results
Table 1 shows the Vigitel’s degree of success of reaching 
selected landlines and interviewing participants, as well 
as sociodemographic and nutritional status character-
istics of the sample obtained each year. The success in 
connecting with the selected landlines and conducting 
the interview ranged from 76.5 % (2009) to 64.8 % (2012). 
Refusal to respond once contact was made reduced con-
siderably across the time span of the surveys (9.1  % in 
2006 and 3.9 % in 2014). The yearly sample size in each 
city, which through 2011 was always greater than 54,000 
adults interviewed, diminished starting in 2012 due to 
logistic difficulties, including the low quality of the tel-
ephone lists obtained. The yearly samples became older, 
gained educational attainment and showed greater BMI 
as the years progressed, reflecting changes occurring in 
the Brazilian population over this time period.

Table  2 shows that the crude prevalence trended 
upward over the years studied, from 5.5  % in 2006 to 
8.0 % in 2014, an increase of 0.26 % per year (P < 0.001). 
Increases (Fig. 1a) in this prevalence were seen for men 

(from 4.6 to 7.3  %) and for women (6.3–8.7  %). Table  2 
also shows that, in absolute terms, the increase was 
greatest in older adults, notably from 35 to 44 years on, 
reaching a 0.57  %/year increase for those aged 65 or 
older. The absolute increase was greater in those with 
lesser schooling: from 2.8 to 5.1 % (0.25 %/year) for those 
with 9–11  years, and from 8.8 to 14.2  % (0.59  %/year) 
for those with less than 8  years. Among the BMI cat-
egories, the greatest absolute increase (0.22 %/year) was 
seen for those in the intermediate category between nor-
malweight/underweight (BMI  <  25  kg/m2) and obesity 
(BMI  >  30  kg/m2), frequently referred to as overweight 
(25 kg/m2 ≤ BMI < 30 kg/m2). 

Table  3 shows prevalence trends overall and in sub-
groups, now adjusting for changes over time in age, sex, 
educational attainment and BMI. Overall, the increase 
seen was similar, 0.25 %/year, from 5.7 % in 2006 to 8.0 % 
in 2014. Men again demonstrated a greater increase (from 
5.3 to 7.8 %, 0.28 %/year) than women (from 6.0 to 8.2 %, 
or 0.23  %/year), although for both sexes the increase in 
prevalence was statistically significant (Fig. 1b). Estimates 

Table 1 Characteristics of the sample and measures of success in telephone sampling

Vigitel 2006–2014

BMI body mass index
a Response rate: number of interviews done ÷ number of eligible phone lines selected (×100)
b Mean (standard deviation) without weighting

2006 2007 2008 2009 2010 2011 2012 2013 2014
% or mean (±SD)

Final sample (n) 54,369 54,251 54,353 54,367 54,339 54,144 45,448 52,929 40,853

Response rate (%)a 71.1 71.5 74.6 76.5 76.4 64.9 64.8 71.5 65.2

Refusals (%) 9.1 7.7 5.8 3.0 2.3 2.2 5.9 3.9 3.9

Women (%) 53.9 53.8 53.9 53.9 53.9 53.9 53.9 53.9 53.9

Ageb 42.1 (16.5) 42.3 (16.2) 43.2 (16.5) 43.6 (16.5) 44.2 (16.7) 45.1 (16.9) 46.2 (17.2) 47.9 (17.6) 48.3 (17.6)

Age strata (%), years

 18–24 18.9 18.2 17.9 17.2 17.1 16.7 16.4 15.9 15.6

 24–34 25.4 25.4 25.4 25.5 25.4 25.4 25.3 25.3 25.3

 35–44 20.6 20.5 20.4 20.3 20.1 20.0 19.9 19.7 19.6

 45–54 15.8 15.9 16.1 16.3 16.4 16.6 16.8 16.9 17.1

 55–64 10.0 10.2 10.4 10.7 10.9 11.1 11.4 11.6 11.8

 ≥65 9.4 9.8 9.8 10.0 10.1 10.2 10.4 10.5 10.6

Education, yearsb 10.1 (4.5) 11.0 (5.2) 10.9 (4.9) 11.2 (5.0) 11.2 (5.0) 10.8 (4.9) 11.1 (5.0) 11.2 (5.0) 11.1 (5.1)

Educational attainment (%), years

 0–8 45.5 45.0 43.7 42.0 40.6 38.8 36.8 36.6 35.9

 9–11 33.3 35.1 34.7 35.8 35.8 36.7 38.5 37.5 38.1

 ≥12 21.2 19.8 21.6 22.2 23.5 24.5 24.7 25.9 25.9

BMI (kg/m2)b 24.9 (4.5) 25.0 (4.6) 25.2 (4.6) 25.4 (4.7) 25.6 (4.8) 25.8 (4.9) 25.9 (4.9) 26.0 (4.9) 26.2 (4.9)

BMI categories (%)

 BMI < 25 kg/m2 57.3 56.7 55.1 54.0 51.8 50.9 49.0 49.2 47.5

 25 kg/m2 ≤ BMI < 30 kg/m2 30.8 30.0 31.2 31.6 33.1 33.3 33.6 33.2 34.6

 ≥30 kg/m2 11.9 13.3 13.7 14.3 15.1 15.8 17.4 17.5 17.9
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of change for those aged 18–34 years did not show a sig-
nificant change, although the precision of estimates was 
lowest in this age range. From age 35 onward, the upward 
trend was statistically significant, being 0.11  %/year for 
those aged 35–44; 0.32 %/year for those aged 45–64; and 
0.52 %/year for those 65 or older. The trend was statisti-
cally significant for all levels of educational attainment. 
For those with the least attainment, prevalences rose 
from 6.4 to 9.4 %, an increase of 0.33 %/year. The adjust-
ment performed increased the rates seen in all three BMI 
categories, which now ranged from 0.16  %/year in the 
normalweight/underweight to 0.25  %/year in the obese, 
although the increase observed was only statistically 
significant for the overweight, in part due to the use of 
a robust variance estimator given the heteroscedastic-
ity seen in the data among normalweight/underweight 
individuals. Analysis of residuals did not demonstrate 
aberrant points or lack of normality, and no collinearity 
was seen between variables. The most consistent upward 
trends were observed among men (coefficient of determi-
nation, R2 = 0.93), those with educational attainment of 
0–8  years (R2 =  0.81), those >65  years (R2 =  0.79) and 
those who were overweight (R2 = 0.75).

Discussion
The crude prevalence of self-reported diabetes in Brazil-
ian capital cities increased from 5.5  % in 2006 to 8.0  % 
in 2014 (0.26  % per year; P  <  0.001), both among men 
(4.6–7.3 %; 0.26/year) and women (6.3–8.7 %; 0.25/year). 
Taking into account changes over time during this period 
in diabetes risk factors, most notably obesity and aging, 
the upward trend in prevalence was altered only mini-
mally, although the increase became more pronounced 
among men (0.28 %/year) than women (0.23 %/year). The 
increase was also more pronounced among the elderly 
(≥65  years), those with less education (≤8  years of 
schooling) and those overweight (≥25 kg/m2).

Such upward trends can, at least in part, result from 
wider access to diabetes diagnosis during this period. 
Advances in the care for diabetes have been made in the 
Brazilian national health system since the turn of the 
century, most notably the incorporation of diabetes care 
as a priority in primary care [10, 11], the increase in the 
number of specialty clinics, and the greater availability of 
services for the diagnosis and treatment of diabetes [12]. 
Recent surveys indicate that the percentage of adults 
≥18 years referring never having done a glucose testing is 

Table 2 Crude prevalence of  self-reported diabetes in  adults (age 18  years and  over) in  the years 2006 and  2014, 
and annual increase over this period overall and in specific strata

Vigitel, Brazilian capital cities and the Federal District

Prevalences are weighted to reflect the sociodemographic distribution of the adult population of the sampled cities in each year of the survey

Significance level: 5 %

BMI body mass index

Strata 2006 2014 Annual increase

% (95 % CI) % (95 % CI) % (95 % CI) P R2

Total 5.5  (5.1–5.9) 8.0  (7.5–8.5) 0.26 0.16–037 0.001 0.83

Sex

 Men 4.6 (4.0–5.2) 7.3 (6.5–8.1) 0.26 0.18–0.34 <0.0001 0.89

 Women 6.3 (5.7–6.8) 8.7 (8.0–9.4) 0.25 0.10–0.40 0.006 0.69

Age

 18–24 0.9 (0.5–1.3) 1.0 (0.4–1.6) 0.20 −0.06 to 0.09 0.57 0.05

 25–34 1.1 (0.6–1.7) 1.6 (1.0–2.1) 0.01 −0.12 to 0.15 0.81 0.01

 35–44 2.9 (2.3–3.6) 3.9 (3.0–4.9) 0.12 0.06–0.18 0.002 0.78

 45–54 7.1 (6.0–8.2) 11.5 (9.9–13.0) 0.36 0.08–0.64 0.019 0.57

 55–64 15.7 (13.6–17.8) 18.2 (16.2–20.1) 0.32 0.01–0.62 0.044 0.46

 ≥65 18.9 (17.0–20.8) 24.4 (22.4–26.5) 0.57 0.28–0.85 0.002 0.76

Educational attainment (years)

 ≥12 2.8 (2.2–3.3) 3.7 (3.2–4.3) 0.12 0.00–0.23 0.051 0.44

 9–11 2.8 (2.4–3.2) 5.1 (4.5–5.7) 0.25 0.11–0.39 0.005 0.70

 0–8 8.8 (8.0–9.6) 14.2 (13.1–15.4) 0.59 0.40–0.79 <0.0001 0.88

BMI category

 <25 kg/m2 3.3 (3.0–3.7) 5.4 (4.8–6.0) 0.15 0.04–0.27 0.017 0.58

 25 kg/m2 ≤ BMI < 30 kg/m2 6.9 (6.1–7.7) 8.6 (7.7–9.5) 0.22 0.10–0.34 0.003 0.73

 ≥30 kg/m2 12.8 (10.8–14.7) 14.0 (12.5–15.5) 0.14 0.17–0.46 0.32 0.14
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small, between 11 and 24 % [13, 14]. Greater diagnosis as 
an explanation for at least part of the rise in self-reported 
diabetes in Brazil is supported by similar findings from 
the United States, in which nationally representative sur-
vey data from 1988 to 2012 document that a decrease in 
the proportion of unknown diabetes can explain part of 
the rise in diabetes prevalence in that country [15, 16]. 
Similar conclusions have been reached in Argentina [17].

Yet, other possibilities also need to be considered. First, 
it is possible the factors linked to an increased incidence 
of diabetes are at play, notably, aging of the population 
and the obesity epidemic. Although we adjusted for 
changes in age structure and obesity during the period 
investigated, our data do not permit investigation of the 
lag effects from similar changes over previous decades. 

Diabetes, after all, is a disease which develops slowly over 
decades, and Brazil has undergone rapid epidemiologic 
and nutrition transitions over the last several decades 
[18]. Nationally representative surveys from 1974–1975 
to 2008–2009 show that the prevalence of obesity has 
been increasing steadily over this period, although the 
rate has slowed among women in the last two decades 
[19]. The Global Burden of Disease study has docu-
mented a similar rise in obesity globally, especially in 
more developed countries [4].

It is also possible that a decrease in mortality among 
those with diabetes—due to better treatment of people with 
the disease—contributes to the rise in prevalence, as this 
increase in life expectancy generates additional cases of dia-
betes. Cardiovascular mortality, the most important cause 

Fig. 1 Prevalence of self-reported diabetes in adults of Brazilian capital cities and the Federal District, 2006–2014. a Crude. b Adjusted for age, 
educational achievement and BMI categories
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of death among those with diabetes, has decreased continu-
ously over recent decades in Brazil [20, 21]. Analysis of mor-
tality due to diabetes in Brazil show decreases, though small, 
over recent years, especially among women [22, 23].

The above-mentioned systematic review [6] showed 
increases in age-standardized diabetes prevalence in 
men and women similar to those we report, although 
they ascertained diabetes based on self-reported dia-
betes and fasting plasma glucose. The magnitude of the 
rise we observed is of great significance. Brazil, is a mid-
dle income country striving to control emergent and re-
emergent infectious diseases while tackling the growing 
burden of non-communicable diseases. The increase 
in the prevalence of diabetes here reported represents 
a yearly increment of about 300,000 additional cases 
requiring diagnostic confirmation and continued care for 
diabetes over the years to come, which will undoubtedly 
result in a major increase in health care expenditures.

Limitations of our study merit mention. Our data are 
based on self-report, which misses a large fraction of 
the total cases of diabetes. Other than that, self-report 
of diabetes shows little disagreement with other sources 

of information [24–26]. Further, we are unable to clas-
sify these patients by their type of diabetes, although, 
previous analyses based on age at diagnosis suggest that 
the vast majority of the cases are of type 2 diabetes [13]. 
The use of just landline telephones to reach participants, 
and changing rates of response and refusal over time are 
additional limitations. However, Vigitel adjustments are 
performed to account for this potential bias and com-
parison of Vigitel data, once appropriately weighted to 
take into account these sampling issues, with those from 
household surveys do not show important differences 
in diabetes prevalence [27, 28]. Moreover, although we 
cannot generalize our findings to all Brazilian adults, a 
recent national survey [29] found a similar prevalence 
(6.5 vs. 6.9 % for Vigitel, in 2013) for the urban Brazilian 
population, which today represents over 85 % of the total 
population.

Strengths of our study include the size and breath of 
the Vigitel surveys, and their consistency in format over 
the 9 year period studied. The diagnostic criteria for dia-
betes have not changed over this period, other than those 
for gestational diabetes, which is not the subject at hand. 

Table 3 Adjusted prevalence of  self-reported diabetes in  2006 and  2014 and  trends over  this time span overall and  in 
specific strata

Vigitel, Brazilian capital cities and the Federal District

Adjusted through multiple linear regression for changes over time in all other variables in the table

Prevalences are weighted to reflect the sociodemographic distribution of adult population of the sampled cities in each year of the survey 

Level of significance: 5 %

BMI body mass index

Strata 2006 2014 Annual increase

% (95 % CI) % (95 % CI) % (95 % CI) P R2

Total 5.7  (5.3–6.0) 8.0  (7.6–8.5) 0.25 0.13–0.37 0.002 0.77

Sex

 Men 5.3 (4.6–5.8) 7.8 (7.0–8.6) 0.28 0.21–0.35 <0.001 0.93

 Women 6.0 (5.5–6.5) 8.2 (7.6–8.8) 0.23 0.07–0.39 0.012 0.62

Age

 18–24 1.4 (0.7–2.0) 1.2 (0.5–2.0) 0.02 −0.09 to 0.14 0.708 0.02

 25–34 1.4 (0.8–2.0) 1.8 (1.2–2.4) 0.02 −0.12 to 0.16 0.728 0.02

 35–44 2.9 (2.3–3.4) 3.8 (2.8–4.7) 0.11 0.06–0.16 0.002 0.77

 45–54 6.4 (5.4–7.3) 10.5 (9.1–11.9) 0.33 0.07–0.59 0.020 0.56

 55–64 13.4 (11.6–15.2) 16.1 (14.3–17.9) 0.32 0.23–0.62 0.038 0.48

 ≥65 16.1 (14.3–17.8) 21.3 (19.3–23.3) 0.52 0.28–0.76 0.001 0.79

Educational attainment (years)

 ≥12 4.1 (3.3–4.8) 5.4 (4.6–6.2) 0.16 0.02–0.31 0.033 0.50

 9–11 4.6 (4.1–5.3) 7.1 (6.4–7.9) 0.26 0.08–0.43 0.010 0.63

 0–8 6.4 (5.8–7.0) 9.4 (8.6–10.2) 0.33 0.19–0.47 0.001 0.81

BMI category

 <25 kg/m2 4.1 (3.7–4.5) 6.3 (5.6–6.9) 0.16 0.03–0.29 0.056 0.53

 25 ≤ BMI < 30 kg/m2 6.0 (5.4–6.7) 7.9 (7.0–8.7) 0.24 0.12–0.37 0.003 0.75

 ≥30 kg/m2 9.6 (8.2–11.1) 11.8 (10.6–13.0) 0.25 0.02–0.53 0.063 0.41
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Since 2006, Vigitel data have been collected by the same 
outsourced research survey firm, following specific pro-
tocols, with standard and frequent training of interview-
ers and quality control procedures such as recording of 
interviews for audit.

Conclusion
We found a steady rise in the prevalence of self-reported 
diabetes over the period from 2006 to 2014, independ-
ent of changes in population age structure or obesity. 
This finding highlights how difficult it will be to halt the 
rise in diabetes prevalence and indicates that it is very 
unlikely that Brazil will achieve this voluntary NCD goal 
by 2025. Regardless of possible causes (higher incidence, 
increased diagnosis or decreased mortality), this increas-
ing prevalence has enormous implications for the health 
system.
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