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Background Given the paucity of studies for low- or middle-income countries, 
we aim to provide the first ever estimations of lifetime risk of diabetes, years of life 
spent and lost among those with diabetes for Brazilians. Estimates of Brazil´s di-
abetes burden consist essentially of reports of diabetes prevalence from national 
surveys and mortality data. However, these additional metrics are at times more 
meaningful ways to characterize this burden.

Methods We joined data on incidence of physician-diagnosed diabetes from the 
Brazilian risk factor surveillance system, all-cause mortality from national statis-
tics, and diabetes mortality rate ratios from ELSA-Brasil, an ongoing cohort study. 
To calculate lifetime risk of developing diabetes, we applied an illness-death state 
model. To calculate years of life lost for those with diabetes and years lived with 
the disease, we additionally calculated the mortality rates for those with diabetes.

Results A 35-year-old white adult had a 23.4% (95% CI = 22.5%-25.5%) lifetime 
risk of developing diabetes by age 80 while a same-aged black/brown adult had a 
30.8% risk (95% confidence interval (CI) = 29.6%-33.2%). Men diagnosed with di-
abetes at age 35 would live 32.9 (95% CI = 32.4-33.2) years with diabetes and lose 
5.5 (95% CI = 5.1-6.1) years of life. Similarly-aged women would live 38.8 (95% 
CI = 38.3-38.9) years with diabetes and lose 2.1 (95% CI = 1.9-2.6) years of life.

Conclusions Assuming maintenance of current rates, one-quarter of young Bra-
zilians will develop diabetes over their lifetimes, with this number reaching almost 
one-third among young, black/brown women. Those developing diabetes will suf-
fer a decrease in life expectancy and will generate a considerable cost in terms of 
medical care.

Cite as: Bracco PA, Gregg EW, Rolka DB, Schmidt MI, Barreto SM, Lotufo PA, 
Bensenot I, Duncan BB. Lifetime risk of developing diabetes and years of life 
lost among those with diabetes in Brazil. J Glob Health 2021;11:04041.

The prevalence of diabetes has been steadily increasing worldwide, more rapidly in 
middle- and low-income countries (LMIDs) [1]. For example, in Brazil, the prevalence 
of self-reported diabetes in capital cities increased from 5.5% in 2006 to 8.9% in 2016 
[2], which extrapolates to an additional 450 000 cases nationally every year [3]. Espe-
cially for LMICs, spending of governments and societies to treat diabetes, along with 
the other chronic diseases, will constitute a major challenge to global development in 
the 21st century [4].

Estimates of Brazil´s diabetes burden, as is the case for most middle- and low-income 
countries, consist essentially reports of the prevalence of self-reported diagnosed diabe-
tes from national surveys [5] together with mortality data gathered from death certifi-
cates [6]. However, additional metrics – lifetime risk of developing diabetes and years 
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of life lost among those with diabetes - are at times more meaningful ways to characterize the diabetes bur-
den. Lifetime risk expresses the probability of an individual without diabetes developing the disease before a 
certain age and is of special interest because it provides a unique, easily understood perspective of risk, mak-
ing it suitable for both public health use and for patient education [7,8]. Years of life lost shows how much 
an individual’s life is likely to be shortened once diabetes has been diagnosed, also providing a more relatable 
measure considering the individual perspective [9]. Thus, this metric can be helpful to stimulate prevention 
actions among those at risk of developing the disease.

Lifetime risk of diabetes and years of life lost among those diagnosed have been reported for some high-income 
countries [10-12] and, among LMICs, to our knowledge only for Mexico [13]. Differences in lifestyle and obe-
sity rates, along with cultural, economic, ethnic and genetic characteristics, make it difficult to generalize pre-
vious results to the Brazilian context. Thus, we aim to calculate these metrics for the Brazilian population aged 
35-80 by combining longitudinal data from a large Brazilian multicenter cohort study with national mortality 
statistics and estimates of the prevalence and incidence of physician-diagnosed diabetes.

METHODS
Diabetes prevalence and incidence

We estimated age-, ethnicity- and sex-specific prevalence and incidence rates of diagnosed diabetes for the Bra-
zilian population based on publicly available data from the Surveillance System of Risk and Protective Factors 
for Chronic Diseases by Telephone Survey (Vigitel) [14-16]. This annual telephone survey started in 2006 and 
focuses on the adult population (18 years or more) living in the 26 state capitals and the Federal District. Vig-
itel makes use of registers of landline telephone numbers to randomly select its samples. It applies post-strat-
ification weighting based on the 2000 and 2010 demographic censuses to compensate for low and unequal 
coverage of landline phones, that in 2013 ranged from 75% coverage in the Southeast to 34% in the North 
[17]. In addition, post-stratification weighting is also applied to compensate for the unequal coverage across 
age, sex and educational attainment strata [18], and thus to produce representative results. Diagnosed diabe-
tes was defined by the question “Has any doctor ever told you that you have diabetes?”. To estimate incidence, 
we considered the frequency of cases diagnosed within the last year, by comparing current age and age at di-
agnosis provided in the question “What age were you diagnosed with diabetes?”. As, on average, respondents 
will be midway through their current age, the cases where both current age and age at diagnosis were equal, 
plus half of those cases where this difference was 1, were included. We based our analysis on aggregate data 
of 157 872 adults between the ages of 35 and 80 obtained in 2017, 2018 and 2019 Vigitel Surveys, and draw 
conclusions for 2018. Vigitel response rates for these years were 70.0%, 71.1% and 69.2%, respectively. We 
calculated incidence after excluding cases reporting having a diabetes diagnosis for more than one year and 
those with missing information on diabetes diagnosis or age of diagnosis, thus our sample was 127 504 adults.

Participants were also requested to characterize their skin color/ethnicity as white, black, brown (“pardo” in 
Portuguese, implying of mixed ancestry, mostly African and European), yellow (Asian) or indigenous. As Asians 
and self-reported indigenous constitute very small fractions of respondents, they were excluded from analyses, 
leaving white and black/brown as ethnicity categories.

We used logistic regression to smooth the age patterns and estimate diabetes age-, ethnicity- and sex-specific 
prevalence and incidence rates. The model to estimate prevalence included a quadratic term for age (as a con-
tinuous variable) and an interaction term between sex and ethnicity. Both quadratic and interaction terms were 
not significant and therefore not included on the model to estimate incidence. As we found no time trend in 
diabetes prevalence or incidence over the three years analyzed, we did not incorporate any such trend in our 
analyses. We used SAS SUDAAN to account for the survey sample design and to produce the weighted aver-
age marginal estimates.

Mortality rates

We estimated the age-, ethnicity- and sex-specific mortality rates for those with and without diabetes by the 
formula described by Jacobs et al., 2017 [19,20] (see the Online Supplementary Document) in two steps. 
Briefly, this calculation combines Brazilian population projections, ethnicity distributions and all-cause mor-
tality statistics publicly available from the National Institute of Geography and Statistics (IBGE) [21], with the 
diabetes prevalence estimates from Vigitel. In addition, both the mortality ratio comparing those with self-re-
ported black/brown ethnicity to those who self-reported white and the diabetes mortality rate ratio comparing 
deaths among those with vs those without diabetes were needed for the formula.
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We obtained those mortality rate ratios through Cox regression. We estimated the age- and sex-specific ethnicity 
mortality rate ratio comparing those that self-reported black/brown ethnicity with those that self-reported white 
in a model including ethnicity, age and sex. The ethnicity-, age- and sex- specific diabetes mortality rate ratio 
was obtained on a model including diabetes, age, sex and ethnicity, and adjusted for body mass index (BMI), 
waist circumference, schooling and income. Both models used data from the Brazilian Longitudinal Study of 
Adult Health (ELSA-Brasil). ELSA-Brasil is a contemporary cohort study of 15 105 adults initially aged 35-74 
[22,23] that ascertained death of participants with and without self-reported diabetes at baseline (2008-2010) 
through to July 2018 based on annual telephone follow-up. ELSA-Brasil was approved by the institutional re-
view board of the Hospital de Clínicas de Porto Alegre (Approval numbers 06.194 and 1.300.199), and writ-
ten informed consent from all participants were obtained.

As these mortality rate ratios are calculated from age 35 to 80, our prevalence and incidence estimates, as well 
as our main results, are presented for that age range. All analyses and graphs were performed in R (R Founda-
tion for Statistical Computing, Vienna, Austria), SAS SUDAAN 9.3 and SAS 9.4 (SAS Institute, Cary NC, USA).

Lifetime risk and years of life lost

We applied the illness-death model [12,24,25] to calculate both the lifetime risk of developing diabetes and 
the years of life lost due to diabetes. Our lifetime risk approach estimates the risk of developing diabetes from 
a defined age up to age 80, conditional to being alive and diabetes-free until that initial age. We applied age-, 
sex- and ethnicity- specific diabetes incidence rates and mortality rates of the population without diabetes to 
this model to obtain lifetime risk.

Years of life lost among those with diabetes compares the life expectancy of people with and without diabe-
tes, recognizing that some individuals currently without diabetes will develop it in the future, and thereby de-
crease their overall probability of survival. The survival of people with diabetes estimates the years a person 
diagnosed with diabetes is expected to live with the condition and is calculated using diabetes mortality rates. 
The survival of people currently without diabetes utilizes not only the probability of their not dying before 
reaching given ages but also the probabilities of acquiring diabetes at these ages and, if acquired, of surviving 
with diabetes afterwards. Therefore, to calculate the years of life lost we combined diabetes incidence rate es-
timates with the mortality rates of those with and without diabetes [25].

Both lifetime risk and years of life lost are cumulative estimates calculated by inserting incidence and mortali-
ty rates into integrals of functions derived from standard probability theory (Appendix S1 in the Online Sup-
plementary Document). For each ethnicity and sex, starting at age 35, we obtained lifetime risk and years of 
life lost across age intervals as the cumulative sum of calculations for all individual years of the interval (eg, 
estimates to 40 years are the cumulative result of calculations from age 35 to 40).

Our estimates of lifetime risk and years of life lost are calculated from the period of the three Vigitel surveys 
rather than being based on a cohort followed through time. Given this perspective, outcomes reported in this 
work are best considered period rather than cohort estimates, for example, years of life lost are period expect-
ed years of life lost [26].

We estimated uncertainty through simulation and bootstrapping (see the Online Supplementary Document). 
All calculations were programmed with R.

RESULTS
Except for the diabetes mortality ratio, none of our estimates was adjusted for anthropometric or socioeconom-
ic factors because we were interested in observe the crude size of the population diabetes burden. We provide 
(Table S1 in the Online Supplementary Document) the characteristics of self-reported white, or black/brown 
women and men in Vigitel. Among both men and women, those black/brown presented a significantly worse 
self-assessment of their own health, a lower frequency of private health insurance and a greater one of receiving 
government cash transfer, lower education, and less intake of fruits or vegetables (P < 0.001). In addition, self-re-
ported whites presented a higher frequency of glucose testing within the last year, although not a significantly 
higher one among women. Among both ethnicities, women reported more frequent glucose testing then men.

The overall self-reported Vigitel incidence (/1000) of diagnosed diabetes was 6.92 (95% CI = 3.95-12.12) and 
6.86 (95% CI = 3.92-12.01) for white and 10.63 (95% CI = 5.76-19.56) and 10.55 (95% CI = 6.27-17.78) for 
black/brown men and women, respectively. This overall sex/ethnicity pattern was relatively constant across the 
35 to 80 years age range, with similar incidence of diagnosed diabetes between women and men and a consis-
tently, although not significantly, higher incidence among those black/brown than white (Figure 1, Panel B).
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The overall self-reported prevalence of known diabetes was 10.3% (95% CI = 9.3%-11.3%) and 9.9% (95% 
CI = 9.1%-10. 7%) for white men and women, and 11.3% (95% CI = 10.3%-12.4%) and 10.4% (95% CI = 9.6%-
11.3%) for black/brown men and women, respectively. As shown in Figure 1, Panel B, the difference in prev-
alence between ethnicities increases at older ages, especially for women, among whom this difference is sig-
nificant (P < 0.001).

White women presented the lowest mortality rate. For of 
black/brown women, those with and without diagnosed 
diabetes presented similar rates. Among men, this ethnic 
difference was not observed. Men with diagnosed diabetes 
presented higher mortality rates, with the highest rate being 
observed among self-reported black/brown men with diabe-
tes (Figure 2). In addition, a greater difference in mortality 
rates between those with and without diabetes was pres-
ent in men than in women. The rate ratio for diabetes in 
white men (MRR = 2.36; 95% CI = 1.66-3.09) was somewhat 
higher than that of black/brown men (MRR = 1.80; 95% 
CI = 1.37-2.38). White women also presented a higher dia-
betes mortality rate ratio (MRR = 1.69; 95% CI = 1.12-2.57) 
than black/brown women (MRR = 1.35; 95% CI = 0.94-
1.93), for whom the difference in mortality was not statis-
tically significant.

Table 1 and Table 2 show lifetime risk of developing known diabetes, years of life lost among those with 
the condition and years lived with diabetes. For white women without diabetes at age 35 the risk of de-
veloping diabetes before age 50 was 7.1% (95% CI = 6.4%-8.6%), and for black/brown women 10.8% 
(95% CI = 9.9%-12.7%). Considering risk up to the age of 80, 23.8% (95% CI = 22.9%-26.5%) of white 
women and 32.2% (95% CI = 31.2%-35.2%) of black/brown women would be expected to develop di-
abetes. The estimates for men were similar although slightly lower: by age 80, 23.0% (95% CI = 21.8%-
25.7%) of white men and 29.3% (95% CI = 27.9%-33.0%) of black/brown men would be expected to 
develop diabetes.

Considering life expectancy to 80 years, a self-reported white man diagnosed with diabetes at age 35 would 
lose 5.4 (95% CI = 5.1-6.1) years of life and a similarly-aged self-reported black/brown man 5.7 (95% CI = 5.2-
6.4) years of life. The burden was lower for women with diabetes, with 2.3 (95% CI = 2.1-2.8) and 2.2 (95% 
CI = 1.9-2.7) years of life lost among those with diabetes for a 35-year-old self-reported as white and as black/
brown, respectively. On the other hand, women are expected to live longer with the condition. A white wom-
an diagnosed with diabetes at age 35 would be expected to live 39.4 years (95% CI = 38.8-39.5) and a black/
brown, 37.7 years (95% CI = 37.3-38.0) with diabetes, as opposed to 34.7 years (95% CI = 33.9-34.8) and 30.8 
years (95% CI = 30.4-31.3) in white and black/brown men, respectively.

Figure 1. Incidence and prevalence of diagnosed diabetes for Brazilian men and women, self-reported either as white or as black/brown, 
aged 35-80 years. Panel A. Incidence (per 1000 people). Panel B. Prevalence (%).

Figure 2. Mortality rate (per 1000 people) of individuals aged 35-80 
years with (solid lines) and without (dashed lines) known diabetes. 
For men and women, self-reported as either white or as black/brown.

Figure 1. 

Figure 2. 
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DISCUSSION
Our results demonstrate, in easily understood terms, the enormous burden diabetes will cause Brazilians in the 
foreseeable future if the current scenario is maintained. We estimate that young self-reported black/brown Bra-
zilian adults, in 2018, living to age 80 will have more than a 1 chance in 4 of developing diabetes, and young 
white Brazilian adults more than a 1 chance in 5. As for the mortality burden, the difference was greater in 
men, and less affected by ethnicity. We estimated women diagnosed with diabetes at age 35 will lose 2.1 years 
of life, while men diagnosed at the same age will lose 5.5 years of life. In addition to this loss of life, diabetes 
will produce an enormous cost in terms of medical care, as, for example, women who develop diabetes at 35 
will live, on average, almost four decades with the disease, and men approximately three decades. While our 
data did not allow for discrimination between type 1 and type 2 diabetes, since we used cases starting from 
age 35 they are likely nearly all cases of type 2 disease, an eminently preventable disease.

As seen in Table 3, the lifetime risks for diabetes in our study are somewhat less for men but more for women 
than those estimated for high-income countries [10-12]. Regarding LMICs, the only estimates of lifetime risk 
we found were for Mexico [13], which were considerably higher than all other estimates, in consonance with 
the greater overall prevalence of obesity and diabetes, and greater diabetes mortality in Mexico [27].

Table 3. Comparison of findings on lifetime risk of diabetes and years of life lost among those with diabetes with similar 
findings of other countries [10-13]

Lifetime risk Years of life lost
Women Men Women Men

Brazil – Healthy at 35 (2017-2019) 41.3% 28.0% Brazil – Diagnosed at 40 3.1 6.1

USA – Healthy at 40 (2000-2011) 36.0% 37.9% USA – Diagnosed at 40 6.8 5.8

Denmark – Through life (1995-2006) 30.0% 32.0%

Australia – Healthy at 25 (2000-2005) 36.7% 39.9% Australia –Diagnosed at 45 4.9 5.5

Mexico – Through life (2010) 57.7% 48.8%

That black/brown Brazilians had 7.5 percentage point greater lifetime risk, related principally to their great-
er self-reported incidence of diabetes, supports the importance of considering health disparities as one of the 
root causes of diabetes when planning prevention programs [28]. Higher lifetime risk among those with non-
white ethnicity was also seen for the US, with the risk among non-Hispanic blacks reaching 42% for a 40-year 
old man and a 51.8% for a 40-year old woman. Black/brown Brazilians with diabetes also had greater mortal-
ity rates. However, mortality rates of black/brown Brazilians without diabetes were also higher, almost in the 
same proportion. This results in a similar burden of years of life lost among those with diabetes for both eth-
nicities, but leads a 35-year old self-reported black/brown individual diagnosed with diabetes to be expected 
to live close to 2.5 years less than a self-reported white adult diagnosed at the same age.

The greatest disparity we observed in the diabetes mortality burden was between men and women. Considering 
a life expectancy of 80 years, the loss in future life expectancy for a 40-year man with diabetes was more than 
double that of a similarly-aged woman: 5.5 vs 2.1 years. Differences of this size were not seen for the United 
States [10] and Australia [11]. Compared to our findings, the larger estimates of years of life lost for Australian 
and United States women could be due to the fact that women, more than men, frequently live beyond age 80, 
the cut off age for our calculations. They could also result from the fact that estimates in these countries were for 
earlier time periods – 2000-2011 for the United States and 2000-2005 for Australia, compared to 2017-2019 
for our study, as all-cause diabetes mortality has decreased notably over recent years in both countries [29,30].

Our lower estimate of years of life lost for women than men with diabetes could also result from the relatively 
earlier case detection in Brazilian women [31]. Earlier detection could result in a lead time bias, with less se-
vere disease among many of the affected women. Additionally, if the earlier detection leads to earlier effective 
treatment of diabetes, this could also lead women to have a lower estimate of years of life lost [32].

Our findings are consistent with diabetes being considered one of the most important epidemic diseases of 
the 21st century [4]. The challenge of reaching effective diabetes management among Brazilian patients [33] 
raises a major concern about the burden diabetes will bring. Of importance, this burden will be expressed not 
only in terms of suffering of those with diabetes and their families, but also in terms of the societal cost of the 
disease [34,35] and the accompanying economic dampening resulting from the inevitable transfer of societal 
resources from other uses to support the needed additional health care. Additionally, the increasing cost of 
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treating diabetes, its complications and the other major non-communicable diseases (NCDs) threaten the fi-
nancial viability of both Brazilian public and private health care systems [34,36].

The extent of the burden we document highlights the importance of engaging society and government in the 
task of type 2 diabetes prevention and the need to include social determinants and health disparities in actions. 
Given the current lack of success [37-39] in implementing preventive strategies in Brazil, health care resources 
spent on diabetes are currently almost exclusively for its treatment. The prevention strategy of frequent diag-
nostic screening to identify individuals at high risk for type 2 diabetes followed by coaching to improve life-
style has been shown to be effective [40] and could be implemented to a greater extent in Brazil. We believe 
our finding of a high lifetime risk can be used in efforts to stimulate individuals to improve lifestyle factors and 
to periodically monitor glycemic status. Our demonstration of the years of life lost of those with the disease 
can hopefully be used to stimulate those with diabetes to undertake the actions necessary to prevent compli-
cations. However, this high-risk individual strategy [40,41] must be combined with a priority for polices that 
promote not only better access to and quality of care, especially for those with lower socioeconomic status, 
but also changes in key dietary risk factors, levels of physical activity, and levels of obesity in the population 
so as to decrease rates of diabetes incidence [42,43].

Brazil, following the lead of the World Health Organization [44], adopted in 2011 a broad strategy to con-
front the challenge of rising non-communicable diseases (NCDs) [45] through both prevention and improved 
management of those currently with disease. Many creative population-based strategies have been initiated in 
Brazil [46,47]. Worsening risk factor trends, especially those of obesity which extend to the present date [48], 
despite ongoing implementation of the 2014 Nutritional Guidelines for the Brazilian Population, suggest that 
much greater effort must be placed in helping Brazilians improve their nutritional habits and increase their 
level of physical activity [49]. Other Latin American countries have also implemented prevention strategies in 
recent years [50]. However few studies have evaluated these strategies, including that of diabetes prevention 
programs targeting of high-risk adults. The increased burden observed on these countries in recent years [51] 
highlight the importance of such evaluation to establish more effective and sustainable models of prevention.

We hope that this report, along with the many others emphasizing the growing problem of diabetes in Brazil, 
will stimulate continued discussion of what should be the principal population prevention strategies, how to 
garner public support for their implementation, and how best to go about their implementation and evaluation.

Potential limitations of our work merit discussion. As previously described, our results are based only on di-
agnosed diabetes, thus producing conservative estimates for incidence and prevalence, but perhaps overes-
timates of mortality ratios considering all diabetes, as known cases tend to be more severe. In addition, our 
incidence analyses are based on age at diagnosis obtained from cross-sectional studies with less than perfect 
response rates, perhaps introducing some bias. Also, Vigitel is a survey that do not represent the rural areas 
and smaller cities of Brazil. However, 2013 Vigitel estimates of diabetes prevalence were similar to the nation-
ally representative 2013 National Health Survey (PNS) [52]. Further, the period-based approach to modelling 
we conducted assumes future diabetes incidence and mortality rates will remain constant over time. Another 
limitation relates to the representativeness of our estimates of mortality rate ratios. Lacking nationally repre-
sentative data, we used data from the ELSA-Brasil cohort. Though the ELSA-Brasil sample is not representa-
tive of the entire Brazilian population, its use is supported by the fact that its findings in terms of self-reported 
diabetes are similar to those of Vigitel [23]. In addition, we advise caution when interpreting our years of life 
lost findings, specifically not considering them as being “due to diabetes”. Although the term years of life lost 
due to diabetes has become established in the literature, causality cannot be assumed, as in fact we and oth-
ers merely show the adjusted difference in life expectancy of those with and without diabetes, without a more 
thorough investigation of causality.

CONCLUSION
In conclusion, while recognizing these limitations, the adoption of the illness-death model to the Brazilian sce-
nario has allowed us to generate estimates to better understand the diabetes burden in Brazil and, by extension, 
to add knowledge about middle-income countries. The methodology applied on this study, using data gath-
ered from different sources, can be used to replicate this analysis in other middle-income countries, including 
those of Latin America. The results from this study, showing novel, easily grasped facets of the diabetes burden 
expressed at the individual level, will hopefully facilitate health education and advocacy for greater attention to 
the problems caused by diabetes. The breadth of burden we show demonstrates the extent to which diabetes 
is a problem for the whole Brazilian population, and thus requires strong, public, population-based preven-
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tion policies. In addition, due to the scarcity of similar results from other low and middle-income countries, 
where more than 80% of the diabetes burden occurs [53], this work contributes to further understanding of 
the global diabetes burden.
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