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Abstract

Diabetes is one of the most important epidemic diseases of this century and the number of people with diabetes

has more than doubled over the past three decades. Our aim was to estimate the prevalence of diabetes in the adult
Brazilian population and analyze the trends for the last three decades through a systematic review with meta-analysis.
This review included observational studies published between 1980 and 2015, which were independently identi-

fied by two reviewers in five databases. Random e ect models were used to estimate the prevalence and trends of
diabetes. In total, 50 articles were included in this review. Three di erent patterns for diabetes diagnosis were identi-
fied: self-report (36 studies), fasting glucose (7 studies), and complex diagnosis (fasting glucose, oral glucose tolerance
test, and self-report; 7 studies). The prevalence of diabetes was 5.6 % (95 % Cl 5.0-6.3; 1> = 100 %) by self-report, 6.6 %
(95 % Cl 4.8-8.9; I> = 94 %) by fasting glucose, and 11.9 % (95 % CI 7.7-17.8 I = 100 %) by complex diagnosis. In trend
analyses, we observed an increase in the prevalence of diabetes over time. The biggest increase was detected in stud-
ies using complex diagnosis: 7.4 % (95 % CI 7.1-7.7) in the 1980s to 15.7 % (95 % Cl 9.8-24.3) in the 2010s. In conclu-
sion, despite high heterogeneity, this study observed a high prevalence of diabetes in Brazilian adults over time and

with a progressive increase in the last 35 years.
Keywords: Type 2 diabetes, Prevalence, Brazil

Background

Diabetes is one of the most important epidemic diseases
of this century. The global prevalence of type 2 diabetes is
increasing worldwide as a result of population ageing [1],
rising rates of overweight and obesity in adults as well as
youth [2], and reduced risk of mortality among patients
with diabetes [3]. The number of people with diabetes has
more than doubled over the past three decades in nearly
every nation of the world [4]. In 2014, the global preva-
lence of diabetes was estimated to be 9 % among adults
older than 18 years old [5]. It has been projected that
there will be 366 million adults with diabetes in 2030 [6]
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and, despite recent declines in mortality, diabetes will be
the seventh leading cause of death in 15 years [7], making
it one of the most important public health challenges to
all nations [8].

The major burden of diabetes is now taking place in
developing rather than in developed countries, and 80 %
of patients with diabetes live in less developed areas [8].
All the Latin American countries have undergone rapid
demographic, epidemiological and nutritional transi-
tions [9], which strongly contributed to the increasing
prevalence of diabetes. Brazil is one of the most impor-
tant examples of this alarming problem in less developed
societies with the fourth largest number of people with
type 2 diabetes [10]. In the South and Central America
region, 8.0-11.3 % of the adult population have diabetes.
Of these, 39.0 % are undiagnosed. Moreover, Brazil has
the highest number of people with diabetes in the region.
In 2015, in Latin America, almost 250,000 adults died as
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a result of diabetes, of which half of the deaths occurred
in Brazil [11]. The International Diabetes Federation esti-
mated the prevalence of diabetes in Brazil to be 10.3 % in
2012 [12], which represents a gradual increase over the
past three decades.

This rising diabetes prevalence has translated into a
60 % increase in the attributable risk ratio for cardiovas-
cular diseases associated with diabetes [13]. However,
there is a lack of nationwide prevalence data over time
in most emerging countries. In Brazil, although several
cross-sectional analyses have been conducted to iden-
tify the prevalence of diabetes [9], no strong and consist-
ent data is available to evaluate the trends over time. In
this study, based on the hypothesis of increasing diabe-
tes prevalence over decades and potential regional dif-
ferences, we sought to investigate existing data sources
on the prevalence of diabetes in Brazil and estimate the
prevalence trends of diabetes for the last three decades
in the adult Brazilian population through a systematic
review with meta-analysis of observational studies.

Methods

Search strategy

A comprehensive literature search was conducted to
identify articles containing information on diabetes prev-
alence in Brazil. Two reviewers independently searched
in five different databases (PubMed, Cochrane Library,
EMBASE, LILACS and SciELO). Search strategies were
tested to find the appropriate medical subject heading
terms for “Diabetes Mellitus’, “Brazil” and its regions,
and “Prevalence”. The complete PubMed literature search
strategy is described in the Additional file 1: Table SI.
No language or age restrictions were applied. A manual
search of the references of review articles, key publica-
tions, and abstracts from the two past years of the main
national related meetings was also performed. All poten-
tially eligible studies were considered for review. Dupli-
cate data were excluded. The software EndNote version
X6 (Thomson Reuters, New York, NY) was used for ref-
erences selection management.

Study selection

Additional file 2: Figure S1 shows the flow diagram of the
studies included in the meta-analysis. Two independ-
ent and previously trained investigators performed the
first titles and abstracts screening. All the selected stud-
ies were retrieved for full-text evaluation. We included
all publications providing information on type 2 diabetes
and our aimed end-point: prevalence, based on popula-
tion-based cross-sectional and baseline of cohort stud-
ies among participants aged 18 years or older published
between January 1980 and December 2015. Studies in
which the sampling was not random or included less than
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300 persons were excluded. Studies that assessed only
specific subgroups not representative of its geographical
strata were considered ineligible. Studies that included
women or men only were considered eligible and were
included only for analyses by gender. A third investigator
solved disagreements between reviewers.

Data extraction and assessment of study quality

Two reviewers separately evaluated the selected studies for
data capture. The data were entered in a pretested Micro-
soft Office Excel " spreadsheet based on the Strengthening
in Epidemiology Statement (STROBE) checklist [14, 15].
The absolute rather than relative value of each variable was
obtained. Any discordance between the data extracted was
discussed until consensus was reached.

All studies were addressed for their capability to appro-
priately respond to our research question, as well as for
selection, measurement, and analysis biases. Selection
biases were defined by 20 % or more of refuses to partici-
pate in the study and by studies that used telephone calls
as the only method for patient selection and interviews.
Measurement bias was characterized based on diabetes
diagnosis criteria: self-reported or measured. Analysis
bias was defined as when a study did not consider the
design effect to estimate the diabetes prevalence. Data
regarding how the study handled missing data were also
obtained. Sensitivity analyses were performed as pre-
established to deal with potential study biases.

Statistical analysis

Random effect models were used to calculate all point
estimates and their 95 % confidence interval (95 % CI), as
well as to estimate the prevalence of diabetes for the gen-
eral population. Sensitivity analyses were performed by
sex, decades, macro-region, and diagnostic criteria. Logit
transformation was used to handle distribution asymme-
try related to different prevalence measures. Continuity
correction was used for adjustment when a discrete dis-
tribution was approximated by a continuous distribution.
Prevalence was weighted by the inverse variance of logit.
Pooled values were then converted to prevalence. Chi
square was used to determine differences in prevalence
rates among different decades. The Cochran Chi square
and P test were used to evaluate statistical heterogene-
ity and consistency among the studies, and a value of
p = 0.10 was used for significance.

Statistical analyses were performed using Stata version
12.1 (StataCorp LP, College Station, TX). MetaXL (Epi-
Gear International, Sunrise Beach, Australia), an Excel
comprehensive program for meta-analysis was used to
build forest plots. Before start any study procedure, this
study was registered [16] at PROSPERO, an international
database of prospectively registered systematic reviews in
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health and social care, under the registration number of
CRD42014010602.

Results

Synthesis of data

The search retrieved 2522 articles from January 1980 to
December 2015, of which 496 were duplicates and were
excluded. Additional 1909 articles were removed based
on title and abstracts; 117 full-text articles were assessed
for eligibility, of which 40 met all the inclusion criteria.
Manual search retrieved other ten articles, totalizing 50
studies (1,393,637 individuals) that were included in the
final analyses. The flowchart of studies selection is pre-
sented in Fig. 1. Three different patterns for diabetes
diagnosis were identified: self-report, fasting glucose, and
complex diagnosis [e.g. fasting glucose + oral glucose tol-
erance test (OGTT) + self-report]. The characteristics of
the included studies by diagnosis criteria and method of
assessment are described in Table 1.

A meta-analysis was conducted according to the diag-
nosis pattern. Prevalence rates are presented in Figs. 1
(self-reported), 2 (fasting glucose) and 3 (complex diag-
nosis), respectively. The prevalence of diabetes was 5.6 %
(95 % CI 5.0-6.3) by self-report, 6.6 % (95 % CI 4.8-8.9)
by fasting glucose, and 11.9 % (95 % CI 7.7-17.8) by com-
plex diagnosis. In trend analyses, we observed an increase
in the prevalence of diabetes in studies using a self-
reported diagnosis [3.2 % (95 % CI 2.6—4.1) in the 1990s,
5.7 % (95 % CI 5.1-6.4) in the 2000s, and 6.9 % (95 % CI
6.2-7.6) in the 2010s] and studies using a complex diag-
nosis [7.4 % (95 % CI 7.1-7.7) in the 1980s, 12.1 % (95 %
CI 10.5-13.8) in the 1990s, 14.5 % (95 % CI 13.1-16.0) in
the 2000s, and 15.7 % (95 % CI 9.8-24.3) in the 2010s].
Only one study evaluated the prevalence of diabetes by
fasting glucose in the 1990s (10.3 %; 95 % CI 9.1-11.6);
the other six studies were conducted in the 2000s (6.0 %;
95 % CI 4.2-8.6). High statistical heterogeneity was iden-
tified in all analyses (data presented in Figs. 1, 2, 3).

In comparison to males, a female preponderance with
regard to prevalence of diabetes was seen in this study
in all decades and diagnosis criteria. Trends for the last
three decades of diabetes prevalence by sex and dec-
ades are presented in Additional file 3: Figure S2 (self-
reported), Additional file 4: Figure S3 (fasting glucose)
and Additional file 5: Figure S4 (complex diagnosis).
Prevalence rates of diabetes and their 95 % CI by sex,
age group, regions, and adjustment to the design effect
are presented in Table 2. The data presented in this table
shows that the prevalence of diabetes was similar among
the five different Brazilian macro-regions, and higher in
older people. When analyses were adjusted to the design
effect, the prevalence of diabetes was lower than the
prevalence observed in not adjusted analyses.
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Quiality of studies

Additional file 6: Figure S5 summarizes data regarding
quality of studies. Most studies were based on cross-
sectional design (49 studies, 96 %). Three different pat-
terns of diabetes diagnosis were identified and included
in this analysis: self-report (36 studies, 72 %), fasting glu-
cose (7 studies, 14 %), and complex diagnosis (7 studies,
14 %). Sample sizes varied substantially with a mean of
27.521 people. The mostly used design was cluster sam-
pling (45 studies, 90 %), and sample size calculation was
well described in 42 studies (84 %). Most studies were
developed only in or including data from Southeast and
Southern Brazil (35 studies, 70 % and 30 studies, 60 %,
respectively), and 25 studies (50 %) included data from
rural areas. Most studies did not have selection bias with
potential to compromise internal validity (32 studies,
64 %), as well as analysis bias (43 studies, 86 %); however,
only ten studies (20 %) appropriately described handling
of missing data.

Discussion

Decades ago, the global epidemic of diabetes was pre-
dicted by epidemiologists who observed large and rapid
increases in the prevalence of type 2 diabetes related to
Western lifestyle [65]. Over time, the burden of diabetes
has taken place in developing rather than in developed
countries [66]. In the present systematic review with
meta-analysis of cross-sectional and baseline of cohort
studies, which included more than one million individu-
als, it was possible to estimate the prevalence of diabetes
in Brazil by decades, sex, macro-region, diagnosis crite-
ria, and methods of assessment. Studies based on a com-
plex diagnosis showed a high prevalence of diabetes in
Brazilian adults (11.9 %), with a progressive increase in
the last 35 years. This trend was also apparently observed
in studies based on self-reported diagnosis.

The prevalence of diabetes in Brazil by self-reported
method was lower than the other methods used in this
study (complex diagnosis and fasting glucose); however,
it was observed a progressive increase in prevalence for
all detection methods in the last 35 years. This finding
may be, in part, due to greater access to diagnostic testing
[67], as well as the recognition of different diagnostic cri-
teria tests for diabetes diagnosis [68]. A same telephone
survey platform, which yearly evaluates diabetes preva-
lence in Brazil, identified an increase in the overall preva-
lence of diabetes from 6.3 to 8 % in just 5 years, a 21 %
jump [46, 50].

Moreover, the diagnosis criteria for diabetes based
on OGTT and fasting glucose became broader over
time, which may differentially identify people with-
out previous diagnosis as having diabetes [69]. It may
explain, to some extent, the progressive increase in
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STUDY - YEAR END % (95% Cl) %Weight
1990's subgroup
Moreira et al. - 1991 = 42(3.1-5.6) 2722
Gigante et al. - 1994 L 51(3.9-6.6) 2.824
Almeida et al. - 1997 - 22(21-23) 3.239
Freitas et al. - 1998 L | 29(2.8-3.0) 3.258
1990's subgroup -l 32(26-4.1) 12.043
2=97%, p<0,001
2000's subgroup
Costa et al. - 2000 —_—— 5.6 (4.7 -6.7) 3,034
Coeli et al. - 2001 —a— 42(3.5-5.1) 3.017
Barbosa et al. - 2003 L 5.1(3.8-6.9) 2.738
Capilheira et al. - 2003 - 6.3(5.5-7.2) 3.129
Freitas et al. - 2003 = 3.5(3.4-3.6) 3.259
Monteiro et al. - 2003 —a— 54 (4.5-6.5) 3.044
Theme-Filha et al. - 2003 —a— 6.2(5.5-6.9) 3177
Carvalhaes et al. - 2005 L 59(4.8-7.2) 2.966
Costa et al. - 2005 —a— 8.0(7.6 -8.4) 3.244
Peixoto et al. - 2005 —a— 4.4 (3.6 -54) 2.985
Borges et al. - 2006 » 52(4.0-6.8) 2.809
Pinheiro et al. - 2006 L 9.7 (8.6 -11.0) 3.147
VIGITEL - 2006 - 5.3 (5.1-5.5) 3.253
Longo et al. - 2007 —_— 6.9(5.9-8.1) 3.077
Schellini et al. - 2007 — 8.7 (7.9 -9.5) 3.195
VIGITEL - 2007 — 5.3(5.1-5.5) 3.253
Francisco et al. - 2008 —_— 5.9(5.1-6.9) 3.098
Freitas et al. - 2008 = 43@4.2-44) 3.260
VIGITEL - 2008 - 52(5.0-54) 3.253
VIGITEL - 2009 —i— 5.8 (5.6 -6.0) 3.254
2000's subgroup - 57(5.1-6.4) 62.190
1?=99%, p<0,001
2010's subgroup
Vianna et al. - 2010 = 7.9(6.8-9.1) 3.096
VIGITEL - 2010 —- 6.3 (6.1-6.5) 3.254
VIGITEL - 2011 - 53(5.1-55)  3.253
Munhoz et al. - 2012 —_—a— 7.9(6.9 -8.9) 3.146
VIGITEL - 2012 —— 74(7.2-7.6) 3.254
VIGITEL - 2013 - 6.9(6.7-7.1)  3.255
VIGITEL - 2014 —a— 8.0(7.7 -8.3) 3.254
Iser et al. - 2015 —- 6.2 (6.0 -6.4) 3.255
2010's subgroup ‘ 6.9 (6.2 -7.6) 25.767
12=98%, p<0,001
Overall ? 5.6 (5.0 -6.3) 100,00
1?=100%, p<0,001
T T T T T T T T T T
2 3 4 5 6 7 8 9 10 11
Prevalence (%)
Fig. 1 Forest plot representing diabetes prevalence rates by self-reported diagnosis and decades

diabetes prevalence, as different biomarkers and defi-
nitions for diabetes may provide different estimates
of population prevalence. Different biomarkers have
been used to define diabetes, including fasting glucose,
OGTT, and, more recently, HbAlc [69]. In this meta-
analysis, only one study included HbAlc as diagnosis
criteria for diabetes [40]. Results showed that approxi-
mately 10 % of cases were diagnosed only by HbAlc
method, which can help to explain the high preva-
lence found. In this study, the prevalence of diabetes

remained similar after adjustment by gender, age, skin
color, weight status, and education level [40]. Popula-
tion-based health surveys in different countries and at
different times have also used different biomarkers and
criteria for diabetes diagnosis, which define diabetes
differently. This variety of biomarkers and definitions
creates a challenge in consistently analyzing diabetes
prevalence over time. In a large international pooled
analysis of population-based examination surveys, it
was found that the use of these different biomarkers
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Fig. 3 Forest plot representing diabetes prevalence rates by complex diagnosis and decades
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STUDY - YEAR END % (95%Cl) % Weight
1990's subgroup
Passos et al. - 1997 —a— 10.3 (9.1-11.6) 15.685
2000's subgroup
Rodrigues et al. - 2000 —a— 4.8 (3.8 -6.1) 14.750
Schaan et al. - 2000 —a— 124 (10.5-14.6)  15.305
Souza et al. - 2001 —a—— 6.0 (4.7 - 7.6) 14.695
Makdisse et al., - 2004 —— 7.0 (5.7 - 8.6) 14,989
Cipullo et al. - 2005 —a— 5.6(4.6 -6.8) 15.165
Nunes Filho et al., 2006 [ E— 23(1.1-4.5) 9.411
2000's subgroup et 6.0 (4.2 - 8.6) 84.315
1?=93%; p<0.001
Overall —etll 6.6 (4.8 -8.9) 100.00
12=94%; p<0.001
T 1 1 T 1 1 1
2 4 6 8 10 12 14
Prevalence (%)
Fig. 2 Forest plot representing diabetes prevalence rates by fasting glucose diagnosis and decades
STUDY - YEAR END % (95%Cl) % Weight
1980's subgroup
Malerbi et al. - 1988 74(71-7.8) 14.426
Oliveira et al. - 1989 7.1(6.1-8.3) 14.191
1980's subgroup 74 (71-7.7) 28.616
[>=0%; p=0.64
1990's subgroup
Torquato et al. - 1997 —a— 12.1 (10.5 -13.8) 14.225
2000's subgroup
Moraes et al. - 2007 —a— 15.0 (13.6 - 16.6)  14.322
Bosi et al. - 2008 —— 13.5 (11.6 -15.7)  14.181
2000's subgroup -~ 14.5 (13.1-16.0)  28.503
2=25%; p=0.25
2010's subgroup
Schmidt et al. - 2010 19.7 (19.0 -20.3)  14.435
Rodrigues Jinior et al. - 2011 — 12.3 (10.7 - 14.1)  14.222
2010's subgroup et —— | 15.7 (9.8 - 24.3) 28.656
12=98%; p<0.001
Overall e —— 11.9 (7.7 - 17.8) 100,00
2=100% p<0.001
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Table 2 Subgroup meta-analysis of diabetes prevalence in Brazilian adults by diagnosis type and sex

Variables Overall Female Male

N % (95 % CI) P % N % (95 % Cl) P % N % (95 % Cl) P%

Self-reported

Age group (years)
20-69 5 51(26-9.8) 99 4 51(33-7.8) 98 2 27(0.7-9.1) 99
>18 23 55(4.8-6.3) 100 21 6.1(55-6.9) 99 20 5.0 (4.2-6.0) 99
>30 3 7.2 (4.8-106) 97 4 9.0 (4.8-16.3) 98 3 6.0(3.7-9.7) 92
Region
South 8 6.2(54-71) 78 5 73(6.9-7.7) 0 3 55(4.8-64) 0
Southeast 6 50(2.7-89) 99 7 74(4.7-11.6) 97 6 39(19-80) 99
Midwest 1 44 (36-54) - 1 44 (34-57) - 1 43(3.1-6.0) -
Northeast 1 5.1(38-69) - 1 47 (4.2-53) - - - -
Multiples/national 15 5.7 (4.9-6.8) 100 15 5.8 (5.0-6.7) 100 15 52(42-6.3) 100
Adjusted?
Yes 15 53(45-6.2) 99 16 5.7 (4.9-65) 99 16 45(37-54) 99
No 16 59 (44-79) 99 13 74(54-9.9) 99 9 5.6 (32-9.5) 99
Overall 31 57 (5.1-64) 100 29 6.3(5.7-71) 100 25 49(41-57) 99
Fasting glucose
Age group (years)
20-69 2 36(17-73) 76 2 20(03-12.9) 76 2 51(38-6.8) 0
>18 5 6.0 (4.7-7.6) 93 3 95(65-13.7) 87 3 9.0(6.3-12.7) 83
Region
South 2 5.6 (1.0-258) 96 2 32(0.1-429) 90 2 76(24-214) 89
Southeast 4 6.4 (4.3-9.5) 94 3 6.7 (34-125) 94 3 6.8 (4.9-9.3) 73
Multiples/national 1 7.0(5.7-8.6) - - - - - - -
Adjusted?
Yes 1 6.0 (4.7-7.6) - 1 5.7 (4.0-8.0) - 1 6.3(45-88) -
No 6 6.7 (47-94) 94 4 72(41-12.3) 92 4 75(49-114) 86
Overall 7 6.6 (4.8-8.9) 94 5 6.8 (4.2-11.0) 92 5 7.3(5.1-10.3) 84
Complex diagnosis
Age group (years)
30-69 4 94 (7.0-12.6) 96 9.6 (7.2-12.5) 93 4 9.0 (6.4-12.4) 92
Others® 3 16.0 (12.5-20.4) 96 16.3 (15.7-17.1) 0 16.6 (11.1-24.1) 95
Region
Southeast 4 116 (84-157) 95 4 12.8 (89-17.2) 94 4 10.7 (6.7-16.7) 93
Midwest 1 12.3(10.7-14.1) - 12.1 (10.0-14.4) - 1 126 (10.2-15.5) -
Multiples/national 2 12.3 (45-295) 100 2 114 (34-212) 100 2 13.3(4.1-35.8) 100
Adjusted?
Yes 6 115(6.4-17.7) 100 6 115 (7.5-16.2) 99 6 11.0 (5.9-195) 99
No 1 15.0 (13.6-16.6) - 1 17.0 (15.2-18.9) - 1 16.6 (13.9-19.6) -
Overall 7 119(7.7-17.8) 100 7 12.2 (84-16.6) 99 7 117 (6.8-19.3) 99
Complex diagnosis: OGTT + fasting glucose + self-reported, e.g
2 Adjustment to the design effect
b Studies (age): Bosi et al. [58] (30-79); Moraes et al. [60] (>30) and Schmidt et al. [63] (35-74)
and definitions can lead to different estimates of popu- Although changing definitions could result in varia-

lation prevalence of diabetes, with the highest preva- tions in diabetes prevalence over time, it doesn’t under-
lence observed when diabetes was defined based on lie the global increase in diabetes. As obesity is the most
fasting glucose or OGTT [69]. important risk factor for type 2 diabetes, its observed
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increase also influences the current trend in diabetes
prevalence. Some studies suggest that more than 80 %
of cases of type 2 diabetes can be attributed to obesity,
which may also account for many diabetes-related deaths
[70, 71]. The increases in the prevalence of type 2 diabe-
tes, especially in older adults, may also reflect the reduc-
tion in major complications and mortality related to
diabetes. Between 1988 and 2010, the largest increase in
diabetes prevalence in the United States was observed in
older adults (>65 years), and only in this age group this
increase remained significant after adjustment for body
mass index or waist circumference [72]. Furthermore,
the incidence of diabetes has been stable in the last years
[73]. At the same time, the rates of the major diabetes-
related complications, especially acute myocardial infarc-
tion, have declined [74]. In Brazil, the mortality related to
diabetes decreased from 1996 to 2011, likely due to better
and earlier treatment of the disease, given that the prev-
alence of diabetes continues to increase. This reduction
was approximately twice larger in women (30 vs. 14 %)
over 15 years, suggesting a possible role in the higher
prevalence observed for this gender [3]. Possible reasons
for the declines in mortality in Brazil over this period
include the expanded public health system, especially in
terms of primary care, with national programs focused
on diabetes [75, 76], organization of emergency care
facilities, and hot line systems for diabetes support [75].
In this study, we identified a pronounced female pre-
ponderance in diabetes prevalence in all decades, using
different diagnosis criteria and methods of assessment.
This finding is consistent with those observed in other
studies, in which sex-related differences in genetics and
lifestyle may lead to differences in the risk of developing
diabetes and, in consequence, differences in the preva-
lence of this condition by sex [77]. In Brazil, a compre-
hensive literature review summarized the prevalence of
diabetes through nine studies [9]. In this study, women
were more likely than men to report having diabetes.
Although this could be easily explained by the fact that
higher incidence of diabetes is related to more frequently
reported prevalence of diabetes, this finding may also
reflect higher use of medical care by women and therefore
increased likelihood of being diagnosed. However, this is
not a consensus in the literature. Although previous stud-
ies in Brazil have found similar results [63], according to
the Centers for Disease Control and Prevention, from
1980 to 1998, the age-adjusted diabetes prevalence by sex
was similar in the United States, and, from 1999 on, the
rate for males began to increase at a faster rate than that
for females [78]. More studies controlling for lifestyle dif-
ferences may help to better understand these findings.
The present study has some limitations. First, the lack
of adjustment of some studies for design effect may
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compromise accuracy of estimate confidence intervals.
Moreover, the different assessment methods for dia-
betes, changes in diagnosis criteria over time, and high
heterogeneity found among the studies limit the inter-
pretation of our results. Also, the poor coverage of the
evidence base in many Brazilian regions restricts evalu-
ation for obtaining the national diabetes prevalence over
time. Our projections for diabetes prevalence trends for
the last three decades are relied on demographic statis-
tics, which might not be accurate for many regions and
populations. As a result, our findings should not be con-
sidered an appropriate equivalent of a nationwide preva-
lence study. Also, specific therapies and better social and
medical care may reduce direct and indirectly associated
mortality and increase prevalence. Further studies in all
five Brazilian macro-regions should be required to take
into account potential racial, cultural, and socioeconomic
diversity of this nation as a whole.

In conclusion, despite the high heterogeneity, this sys-
tematic review with meta-analysis showed a high preva-
lence of diabetes in Brazilian adults over time, with a
progressive increase in the last 35 years. These findings
may be, in part, associated with improvement in access
to health services in the same period. Nevertheless, this
study has important epidemiological implications. Our
findings reinforce the significant rise in the prevalence
of diabetes, which may result in heavy health burden
associated to this disorder and its related complications.
Based on our results, further studies are necessary to bet-
ter understand the factors associated to the increasing
diabetes prevalence in Brazil, which may help to shape
future prevention programs.
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