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Aims: We adopted a modeling approach to predict the likely future prevalence of type 2 diabetes, taking into account demographic changes and trends in obesity and smoking in Brazil. We then used the model to estimate the likely future impact of different policy scenarios, such as policies to reduce obesity.

Methods: The IMPACT TYPE 2 DIABETES model uses a Markov approach to integrate population, obesity, and smoking trends to estimate future type 2 diabetes prevalence. We developed a model for the Brazilian population from 2006 to 2036. Data on the Brazilian population in relation to sex and age were collected from the Brazilian Institute of Geography and Statistics, and data on the prevalence of type 2 diabetes, obesity, and smoking were collected from the Surveillance of Risk and Protection Factors for Chronic Diseases by Telephone Survey (VIGITEL).

Results: The observed prevalence of type 2 diabetes among Brazilians aged over 25 years was 10.8% (5.2–14.3%) in 2006, increasing to 13.7% (6.9–18.4%) in 2020. Between 2006 and 2020, the observed prevalence in men increased from 11.0 to 19.1% and women from 10.6 to 21.3%. The model forecasts a dramatic rise in prevalence by 2036 (27.0% overall, 17.1% in men and 35.9% in women). However, if obesity prevalence declines by 1% per year from 2020 to 2036 (Scenario 1), the prevalence of diabetes decreases from 26.3 to 23.7, which represents approximately a 10.0% drop in 16 years. If obesity declined by 5% per year in 16 years as an optimistic target (Scenario 2), the prevalence of diabetes decreased from 26.3 to 21.2, representing a 19.4% drop in diabetes prevalence.

Conclusion: The model predicts an increase in the prevalence of type 2 diabetes in Brazil. Even with ambitious targets to reduce obesity prevalence, type 2 diabetes in Brazil will continue to have a large impact on Brazilian public health.
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1 Introduction

Diabetes Mellitus (DM) is a chronic metabolic disease that leads, over time, to serious damage to the heart, blood vessels, eyes, kidneys, and nerves (1). Type 2 diabetes (T2D) is the most common, which usually affects adults (1). The prevalence of type 2 diabetes has increased dramatically over the past three decades in countries of all income levels (1). In Brazil, the estimated prevalence of type 2 diabetes is 9.2%, ranging from 6.3% in the North to 12.8% in the Southeast (2).

Risks of type 2 diabetes increase in obese individuals (3), with obesity being an independent risk factor for type 2 diabetes (4). According to the World Health Organization (WHO), the number of adults with obesity has increased more than seven times since 1975 (5). In Brazil, obesity prevalence in adults more than doubled between 2003 and 2019, reaching 26.8%. In the same period, obesity also doubles its prevalence, with men and women prevalence at 30.2 and 22.8%, respectively (6).

In addition, there is a positive association between smoking and the incidence of diabetes (7, 8), with smokers being 30 to 40% more likely to develop type 2 diabetes than those who do not smoke (9, 10). In Brazil, the total percentage of smokers aged 18 years or over is 9.5%, with 11.7% among men and 7.6% among women. Globally, smoking alone is one of the leading causes of preventable disease and death (11).

Obesity and diabetes substantially impact healthcare costs, with 30% of the Unified Health System (Sistema Único de Saúde – SUS) cost attributable to diabetes and 11% attributable to obesity (12). Research showed that the total cost to the health system attributable to smoking is 23.3 billion reais per year (13).

Estimates of current and future type 2 diabetes prevalence are essential for managing SUS resources and encouraging intensive intervention measures in relation to risk factors to counteract trends of increasing prevalence (14, 15). In the context of Brazil, such projections are characterized by their scarcity and lack of precision since most estimates, such as those produced by the Diabetes Atlas of the International Diabetes Federation, are based on urbanization trends and demographic changes only, without taking into account trends in diabetes risk factors. In this way, forecasts based on trends in key risk factors appear to be more realistic.

The aim of the study was to use the type 2 diabetes-IMPACT model (14) with data from VIGITEL BRASIL and to describe trends in the type 2 diabetes-IMPACT (14) model with data from VIGITEL BRASIL and describe trends in type 2 diabetes and key risk factors, using the model to predict the likely future prevalence of type 2 diabetes, taking into account demographic changes and trends in key risk factors: obesity and smoking. Finally, it uses the model to estimate the likely future impact of different policy scenarios, such as policies to reduce obesity.



2 Materials and methods


2.1 Model overview

The model is a multistate Markov model that brings together information on population trends, obesity, and smoking at a given time to estimate the prevalence of diabetes in the future. It was previously used to estimate future diabetes prevalence in Tunisia, Turkey, Palestine, and Saudi Arabia (14, 16–19).

The total population is divided into several pools: type 2 diabetes, obese, smokers, and “healthy” (i.e., non-obese, non-smoking, non-diabetic) (Figure 1). Population demographic trends are used to inform the relative size of the “starting states,” and transition probabilities are used to estimate the proportion of persons moving from the starting states to the type 2 diabetes and death states. There are two “absorbing states”: type 2 diabetes-related death and non-type 2 diabetes-related deaths as competing risks for mortality. Potential overlaps between the healthy, obese, and smoking groups are estimated by calculating the conditional probabilities of membership, which allows for estimating what proportion of diabetic new cases can be attributed to smoking and obesity at each cycle.

[image: Figure 1]

FIGURE 1
 The type 2 diabetes model structure.




2.2 Data sources

Data on the Brazilian population in relation to sex and age were collected from the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística – IBGE), data from the 2010/2060 population projection, published in 2018 (20).

Data on the prevalence of type 2 diabetes, obesity, and smoking were collected from the Surveillance of Risk and Protection Factors for Chronic Diseases by Telephone Survey (VIGITEL) (21), studies that make up the Surveillance of Risk Factors for Chronic Non-communicable Diseases (NCDs) of the Ministry of Health. Cases of type 2 diabetes are self-reported by individuals surveyed who already have a previous diagnosis of diabetes. The prevalence of obesity is obtained from self-reported data on weight and height to calculate the Body Mass Index (BMI), and individuals with a BMI >30 kg/m2 are considered obese. Individuals who use cigarettes have their smoking status registered.



2.3 Estimating the incidence, case fatality, and mortality parameters

We estimated type 2 diabetes incidence for the Brazilian population in 2010 using DISMOD, a freely available software (22). To estimate diabetes incidence, case fatality rates, and mortality rates, we used the following as inputs for DISMOD diabetes prevalence in 2010: diabetes mellitus remission rate and diabetes mellitus relative risk for mortality.

We assumed that the diabetes mellitus remission rate is zero, and the relative risk for mortality can be estimated with the method proposed by Barendregt et al. (23), based on the usual RR for mortality and disease prevalence, using this formula:
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Where RRadj is the relative risk of mortality, RR is the usual relative risk for mortality (mortality diseased/mortality healthy) (24), and p is disease prevalence.

The potential overlaps between the model health states were handled in three different ways. First, smoking prevalence was multiplied by obesity prevalence to estimate the proportion of the population who were both obese and smokers. Then, such a proportion was subtracted from the ‘original’ smoking prevalence to leave in the (Smokers) state only those individuals who were smokers but not obese. Second, we estimated the number of individuals with T2DM (in the Diabetes state) in whom the disease was assumed to be ‘caused’ by obesity as exposure by multiplying the ‘population attributable risk’ by the size of (Diabetes) state (25). Then, the number of such individuals was subtracted from the total obese individuals in the population to leave in the (Obese) state only those obese individuals who do not have T2DM. Finally, we applied the same previous approach of the population attributable risk to leave in the (Smokers) states only those people who are smokers but do not have T2DM.



2.4 Validation

Model validation is very important in any modeling exercise. The model developed for Brazil involves the years 2006 to 2036, with the base prevalence in 2006. As we have data available on the prevalence of diabetes in the country from 2006 to 2020, we compared the model results with the prevalence estimates observed for each year of type 2 diabetes cases at VIGITEL. Type 2 diabetes is diagnosed as self-reported by the population within the study with a previous diagnosis. Thus, we set a correction factor of 1.5, as these cases may underestimate the actual prevalence of the disease since Muzy et al. (2) show that the proportion of underreported cases reaches 50% in Brazil. We then found an equivalence between the model data output and the estimated prevalence demonstrated in the VIGITEL data (validation results are in the Technical Appendix).



2.5 Type 2 diabetes forecast and policy scenarios

Effective policy decisions can be modeled by the estimated intervention effect on trends in risk factors, and the trend parameter can be modified to model increasing, decreasing, or stable trends in the prevalence of obesity and/or smoking.

First, we present predictions for type 2 diabetes prevalence and burden through 2036 (30 years from our initial prevalence in 2006), assuming current trends in obesity and smoking continue. Obesity and smoking trends were conducted from the population data divided by age groups, and the data were grouped into six age groups. The projection used a pooled OLS model to control for the fixed-time effect. The pooled data allows you to increase the amount of information and control the effect of time. Next, we explored the potential effect of population-level interventions to reduce obesity.



2.6 Policy scenarios

First, we present forecasts for type 2 diabetes prevalence and the burden up to 2036 (26 years from our initial prevalence estimate in 2010), if current trends in obesity and smoking continue as our baseline scenario.

Then, we explored the potential effect of population-level changes in obesity in our first intervention; we are proposing a 1% reduction per year in the prevalence of obesity from the year 2020 to the year 2036, verifying the impact on the diabetes burden. In our second intervention, in a more optimistic scenario, we propose a 5% reduction per year in the prevalence of obesity from the year 2020 to the year 2036, verifying the impact on the diabetes burden.



2.7 Sensitivity analysis

The analysis of the extreme method (Briggs) was used (26), which consists of running the model with all parameters adjusted to realistic minimum and maximum values, carried out in Excel; and consists of a very conservative approach, but which allows for a more transparent understanding of the weight of each parameter concerning the model results.




3 Results


3.1 Demographic and epidemiological chances

Brazil has approximately 213 million inhabitants. We considered the population aged over 25 years. For this age group, the number of men is estimated to grow from 64 million in 2020 to 76 million in 2036 and from 70 to 84 million for women. The proportion of young people aged 25–34 years will decrease from 25.4% in 2020 to 18.6% in 2036 in relation to the total population of the country. By 2036, 22.8% of the population 25 years and above will be aged over 65 years, compared with 15.3% in 2020 (Table 1).



TABLE 1 Projection data of the Brazilian population from 2006 to 2036.
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3.2 Observed prevalence of type 2 diabetes, obesity, and smoking

The observed prevalence of type 2 diabetes in Brazil in 2006 among the Brazilian population aged 25 years and above was overall 10.8% (min./max: 5.2–14.3); 11.0% (min./max:2.2–17.4) in men and 10.6% (min./max: 1.7–17.8) in women. The observed prevalence of type 2 diabetes in Brazil in 2020 was overall 13.7% (min./max: 6.9–18.4); 19.1% (min./max: 2.4–23.0) in men and 21.3% (min./max: 2.9–22.2) in women. Obesity is a common risk factor, with 14.5% prevalence among men and 12.5% among women in 2006. This prevalence increased to 22.9% among men and 21.7% among women, respectively, in 2020. Smoking prevalence was decreasing, from 17.8% (2006) to 12.8% (2020) among men and from 11.4% (2006) to 7.9% among women (Table 2).



TABLE 2 Brazilian population aged 25 years and above, obesity, and smoking prevalence by sex and age groups in 2006 and 2020.
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3.3 The effect of obesity and smoking trends on type 2 diabetes prevalence

Changes in the prevalence of obesity and smoking were assumed to be linear, with varying degrees among men and women and in different age groups.

Obesity prevalence rose from 22.9% in 2020 to 31.1% in 2036 in men (annual increase of 0.51%) and from 21.7 to 29.1% in women (annual increase of 0.46%). Obesity prevalence was higher among men than women, with the highest prevalence observed among men aged 35-44, 45-54, and 55-64, and among women aged 55-64 and 65-74. The smoking trends showed a decrease in men and women. The projected prevalence for 2036 is 3.3% in men and 1.8% in women, representing a decrease of almost 82% in men and 84% in women. In some age groups, both for men and women, there is a tendency for the prevalence to be almost non-existent.

Assuming these annual trends in risk factors continue, the forecast prevalence of type 2 diabetes for 2036 is overall 27.0% (min 26.9–max 27.7): 17.1% in men (min 15.8–max 17.7) and 35.9% in women (min 31.1–max 37.7). The total number of Brazilian people with type 2 diabetes is projected to rise from 9 million in 2006 to 43 million in 2036, an increase of almost 400%. Diabetes prevalence is predicted to increase rapidly between 2006 (8.9%) and 2020 (26.3%), and then the increase starts to slow down in men. This trend, however, was not observed for women, who showed an ever-increasing trend in the prevalence of type 2 diabetes.



3.4 Scenario projections

If trends in obesity start to decline by 1% per year from 2020 to 2036 (Scenario 1), the prevalence of diabetes decreases from 26.3 to 23.7, representing approximately a 10.0% drop in 16 years. This would prevent approximately 5.2 million Brazilians from developing type 2 diabetes, 4.7 million of whom are women and 0.5 million men. If obesity declined by 5% per year in 16 years as an optimistic target (Scenario 2), the prevalence of diabetes decreased from 26.3 to 21.2, representing a 19.4% drop in diabetes prevalence. It is noteworthy that if only women were observed in the disease projection scenario for 2036, between baseline (35.9%) and Scenario 2 (25.8%), there could be a reduction of more than 30% in the prevalence of diabetes in this group, if obesity were reduced (Table 3). This corresponds to approximately 9.3 million Brazilians who would stop developing type 2 diabetes, 0.9 million men and 8.5 million women. Detailed results with sensitivity analysis are shown in Table 3.



TABLE 3 Scenario projection rate of prevalence of type 2 diabetes by gender with sensitivity analysis (Minimum-Maximum).
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4 Discussion

The forecast prevalence of type 2 diabetes for 2036 is 27.0% overall (17.1% in men and 35.9% in women), with almost 400% increase in the number of persons with type 2 diabetes between 2006 and 2036. If the two proposed scenarios for decreasing the prevalence of obesity were achieved, we would have a 10.0–19.4% (12.2 and 21.48%) reduction in the prevalence of type 2 diabetes by the year 2036. Because the smoking trend among Brazilians for the year 2036 is decreasing, and in some age groups, it will be practically nil, we chose not to include smoking within the proposed scenarios, as the effect would be very small on the prevalence of diabetes.

Obesity is a global epidemic, and rates are particularly high in the USA (42.4% in 2017/2018) (27) and Canada (57.1% in Ontario and 56.2% in Québec) (28) compared with 11.8–31.3% in India (29). In Brazil, the prevalence of obesity has also been growing over the years (30), which has many implications for chronic diseases, including type 2 diabetes. The factors associated with the increase in the prevalence of obesity are multidimensional, related both to the demographic transition and to social inequalities (31, 32) that reflect the high prevalence of food insecurity and the double burden of malnutrition of populations in developing countries, as is the case in Brazil (33, 34).

In developing countries such as Palestine, diabetes mellitus prevalence estimated by the model forecasts was 20.8% for 2020 and 23.4% for 2030 (16), while in Tunisia, the model forecasts a dramatic rise in prevalence by 2027 (26.6% overall, 28.6% in men and 24.7% in women) (14). In Qatar, type 2 diabetes prevalence increased from 16.7% in 2016 to 24.0% in 2050 in the baseline scenario (17). Studies show that if there is a control of the obesity epidemic in these countries, as well as a decrease in the prevalence of smoking, there is a probability of a decrease in the prevalence of DM2 (14, 16–19). In the present model, following the proposed scenarios for the reduction of obesity over the years, a decrease in the prevalence of type 2 diabetes will also be observed in Brazil.


4.1 Policy scenarios and their importance

This study proposes two intervention options and assesses their impact on future diabetes prevalence. In Brazil, obesity prevalence is increasing and is predicted to continue to increase. The frequency of overweight adults between 2006 and 2020 ranged from 42.6% in 2006 to 57.5% in 2020 (average increase of 1.04 pp./year). This increase was observed in both sexes, with the highest increase among women, ranging from 38.5% in 2006 to 56.2% in 2020 (1.24 pp./year) (35).

Brazilians have a national strategy for preventing non-communicable diseases. However, this strategy did not set a target for obesity reduction; instead, the strategy is limited to promoting a stabilization of obesity in the country by the year 2030 (36). With this desirable stabilization in mind, our model tends to be more daring, proposing a more plausible scenario of a 1% reduction per year in the prevalence of obesity and a more challenging scenario of a 5% reduction per year in the prevalence of obesity. Among the goals proposed to stop this growth of obesity and, consequently, of NCDs are the encouragement to practice physical activity in leisure time, increase the consumption of fruits and vegetables by 30%, and stop the consumption of ultra-processed foods (36).

Some initiatives for primary prevention of obesity have been implemented. The National Health Promotion Policy can be considered as a potential inducer of obesity prevention and control actions because it establishes as priority themes: (a) the development of actions for the Promotion of Adequate and Healthy Food (PAHF); (b) the promotion of food and nutrition security, aiming to contribute to the guarantee of the Human Right to Adequate Food; (c) encouragement of bodily practices and physical activity, providing public spaces to enable bodily activities that enhance comprehensive healthcare (37, 38).

Recently, at the national level, “Proteja” was launched, the National Strategy Plan for Prevention and Care of Child Obesity, with several essential strategies that must be implemented by Brazilian municipalities, such as monitoring the nutritional status and markers of children’s food consumption, institutional campaigns in the media mass communication on childhood obesity, and ensuring healthy canteens in schools, among other actions (39).

In the National Primary Care Policy (40), two programs with a potential impact on obesity stand out: the School Health Program (Programa Saúde na Escola—PSE) and the Health Academy Program (Programa Academia da Saúde), which encourages the practice of physical activity outdoors. Furthermore, Brazilian researchers have developed an exemplary proposal regarding healthier eating guidelines for their population, which is a reference for many countries around the world (41), just as there are intersectoral articulation initiatives for the prevention and control of obesity (42), so the scenarios proposed in this study are feasible and can be considered.

Regarding the program that encourages the practice of physical activity, in an evaluation of VIGITEL data in adults and the older adult, it was observed that increased frequency and level of leisure-time physical activity in adults are protective factors in relation to obesity (43). Another factor that can help to reduce the prevalence of obesity is the reduction of sedentary behavior. This has been strongly associated with reducing the occurrence of type 2 diabetes and cardiovascular disease. Last year, a physical activity guide for the Brazilian population was released (44).

Nguyen et al. (45), when building a model (ACE-Obesity Policy Model) simulating BMI, physical activity, consumption of fruits and vegetables, and incorporating the variable sedentary behavior in the Australian population, observed through the most realistic scenario that, if the population spent less than 4 h a day sitting, 3,204 deaths could be avoided per year, and among these 22% of deaths from type 2 diabetes, in addition to preventing the incidence of this disease by 58%. López-González et al. (46), evaluating the consumption of fruits and vegetables in a longitudinal study in adults, revealed that the increase of 100 g in the consumption of these foods in 1 year promoted a significant reduction in glycemic levels in the body weight and waist circumference. These studies provide a basis for nutritional education that should be carried out both within schools and in the practice of population self-care in primary healthcare.



4.2 Strengths and limitations

This is the first modeling study involving type 2 diabetes and risk factors for the Brazilian population. In addition, the projections that were carried out used data from an annual study that took place in the country uninterruptedly from 2006 to 2020, which brings greater security in projecting, in view of the trend of real data observed by long series.

A possible limitation of the study was the lack of inclusion of other possible risk factors that are related to diabetes were not considered, such as physical inactivity and poor diet. The use of studies that use self-reporting could also be questioned. However, in Brazil, given the geographic extent of the country, VIGITEL studies have been of high value for annual monitoring of the country’s epidemiological situation in relation to chronic non-communicable diseases and related risk factors. In this study, we sought to address this self-report issue in relation to the diagnosis of diabetes, using a correction factor of 1.5, which minimizes the harm of underestimation. Despite these limitations, the model used published prevalence data for obesity and smoking over a 15-year time series, which increases the likelihood of a more realistic trend estimate.

Small and possible variations in population estimates or the groups analyzed do not make the results unfeasible or biased.



4.3 Public health implications: a call to actions

Diabetes prevention can be achieved through measures that focus on reducing obesity. Currently, in the country, the discussion of some of these measures is gaining momentum. Some have not yet been implemented, but we can see successful examples in other countries, such as the taxation of junk food, including sweet beverages, clear nutrition labeling, with interest in front-of-pack (FOP) labeling policies based on comprehensive nutrient profiling models, public awareness, regulation of food advertising (especially targeted to children), and school-based health promotion initiatives (47–49). Similarly, the fight against social inequalities needs to be articulated with the obesity reduction action plan since it is proven that socioeconomic factors such as unemployment and poverty are associated with the increase in the prevalence of obesity (50, 51).

Recently, some modeling studies have observed the effect of taxation on foods, especially ultra-processed foods, and the benefit of reducing the prevalence of obesity and other diseases (52, 53). A study developed by Passos et al. (53) showed that a 1% increase in the prices of ultra-processed would lead to a decrease in the prevalence of overweight and obesity (0.33 and 0.59%, respectively), and this effect is even greater in low-income populations (0.34 and 0.63%).

Among the ultra-processed products, a group that deserves special attention is the sugar-sweetened beverages (SSBs), which include soft drinks and industrialized juices, as the relationship between the consumption of SSBs and type 2 diabetes is now supported by substantial epidemiological evidence (54, 55). High levels of free sugars in the diet increase the risk of obesity and diabetes (56, 57). Sugary drinks are often responsible for a large part of the free sugar consumed (58) and have been the main focus of policies (59). Then, a high SSB tax might be an effective fiscal policy to decrease the purchase and consumption of SSB and reduce overweight/obesity prevalence, especially if the tax were specific for beverage volume and in upper-middle- and middle-income countries, such as Brazil (60).

In a recent meta-analysis, economic tools, product reformulation, and environmental measures were effective in reducing sugar intake or weight outcomes, while labeling, education, and interventions combining educational and environmental measures found mixed effects. The most frequently implemented measures in Europe are public awareness, nutrition education, and labels (61). In addition to these strategies mentioned, Brazil has produced material to support health teams and professionals in the management of obesity in the Unified Health System, with emphasis on the collective approach (62).




5 Conclusion

Our study brings promising results for the reduction of type 2 diabetes with actions promoting the reduction of the prevalence of obesity in the Brazilian population in accordance with national policy and highlighting possible and innovative possibilities, such as the consideration of more optimistic scenarios. However, current initiatives will require substantial scaling up and adoption to have a significant impact on current obesity trends.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Federal University of Paraíba. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because these are secondary data made available on public domain sites of the Brazilian Unified Health System.



Author contributions

PM: Conceptualization, Data curation, Formal analysis, Funding acquisition, Methodology, Project administration, Supervision, Validation, Writing – original draft, Writing – review & editing. AdA: Conceptualization, Data curation, Formal analysis, Methodology, Writing – original draft, Writing – review & editing. FF: Writing – original draft, Writing – review & editing. JdA: Formal analysis, Writing – original draft, Writing – review & editing. RR: Data curation, Formal analysis, Methodology, Writing – original draft. RL: Writing – original draft, Writing – review & editing. RV: Writing – original draft, Writing – review & editing. JS: Writing – original draft, Writing – review & editing. MO’F: Conceptualization, Formal analysis, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. The National Council for Scientific and Technological Development (Conselho Nacional de Desenvolvimento Científico e Tecnológico – CNPq) supported all the funding received during this study; Grant number 442891/2019-9. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1275167/full#supplementary-material



Abbreviations

DM, Diabetes mellitus; T2D, Type 2 diabetes.



References

 1. WHO. (2021). World Health Organization. Global Report on Diabetes. Available at: https://www.who.int/health-topics/diabetes#tab=tab_1

 2. Muzy, J, Campos, MR, Emmerick, I, Silva, RS, and Schramm, JMA. Prevalence of diabetes mellitus and its complications and characterization of healthcare gaps based on triangulation of studies. Cad Saude Publica. (2021) 37:e00076120. doi: 10.1590/0102-311X00076120 

 3. Schiller, JS, Lucas, JW, Ward, BW, and Peregoy, JA. Summary health statistics for U.S. adults: National Health Interview Survey. Vital Health Stat. (2010) 10:1–207.

 4. Schnurr, TM, Jakupović, H, Carrasquilla, GD, Ängquist, L, Grarup, N, Sørensen, TIA , et al. Obesity, unfavourable lifestyle and genetic risk of type 2 diabetes: a case-cohort study. Diabetologia. (2020) 63:1324–32. doi: 10.1007/s00125-020-05140-5 

 5. Abarca-Gómez, L, Abdeen, ZA, Hamid, ZA, Abu-Rmeileh, NM, Acosta-Cazares, B, Acuin, C , et al. Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128·9 million children, adolescents, and adults. Lancet. (2017) 390:2627–42. doi: 10.1016/S0140-6736(17)32129-3 

 6. IBGE, Brazilian Institute of Geography and Statistics. Pesquisa Nacional de Saúde – 2019. Informações Sobre Domicílios, Acesso e Utilização Dos Serviços de Saúde: Brasil. Grandes Regiões e Unidades Da Federação (2020):85.

 7. Will, JC, Galuska, DA, Ford, ES, Mokdad, A, and Calle, EE. Cigarette smoking and diabetes mellitus: evidence of a positive association from a large prospective cohort study. Int J Epidemiol. (2001) 30:540–6. doi: 10.1093/ije/30.3.540

 8. Wannamethee, SG, Shaper, AG, and Perry, IJ. Smoking as a modifiable risk factor for type 2 diabetes in middle-aged men. Diabetes Care. (2001) 24:1590–5. doi: 10.2337/diacare.24.9.1590

 9. U.S. Department of Health and Human Services. How tobacco smoke causes disease: the biology and behavioral basis for smoking-attributable disease: a report of the surgeon general. Atlanta, GA: Centers for Disease Control and Prevention (US) (2010).

 10. U.S. Department of Health and Human Services. The health consequences of smoking—50 years of Progress: a report of the surgeon general. Atlanta, GA: Centers for Disease Control and Prevention (US) (2014).

 11. Moreira-Santos, TM, Godoy, I, and de Godoy, I. Psychological distress related to smoking cessation in patients with acute myocardial infarction. J Bras Pneumol. (2016) 42:61–7. doi: 10.1590/S1806-37562016000000101 

 12. Nilson, EAF, Andrade, RDCS, de Brito, DA, de Oliveira, ML, de Brito, DA, and de Oliveira, ML. Costs attributable to obesity, hypertension, and diabetes in the unified health system, Brazil, 2018Costos atribuibles a la obesidad, la hipertensión y la diabetes en el Sistema Único de Salud de Brasil, 2018. Rev Panam Salud Publica. (2020) 44:e32. doi: 10.26633/RPSP.2020.32 

 13. Pinto, MT, Pichon-Riviere, A, and Bardach, A. The burden of smoking-related diseases in Brazil: mortality, morbidity and costs. Cad Saude Publica. (2015) 31:1283–97. doi: 10.1590/0102-311X00192013 

 14. Saidi, O, O’Flaherty, M, Mansour, NB, Aissi, W, Lassoued, O, Capewell, S , et al. Forecasting Tunisian type 2 diabetes prevalence to 2027: validation of a simple model. BMC Public Health. (2015) 15:104. doi: 10.1186/s12889-015-1416-z 

 15. Lindström, J, Ilanne-Parikka, P, Peltonen, M, Aunola, S, Eriksson, JG, Hemiö, K , et al. Sustained reduction in the incidence of type 2 diabetes by lifestyle intervention: follow-up of the Finnish diabetes prevention study. Lancet. (2006) 368:1673–9. doi: 10.1016/S0140-6736(06)69701-8 

 16. Abu-Rmeileh, NME, Husseini, A, Capewell, S, and O’Flaherty, M, on behalf of MEDCHAMPS project. Preventing type 2 diabetes among Palestinians: comparing five future policy scenarios. BMJ Open. (2013) 3:e003558. doi: 10.1136/bmjopen-2013-003558 

 17. Awad, SF, O’Flaherty, M, El-Nahas, KG, Al-Hamaq, AO, Critchley, JA, and Abu-Raddad, LJ. Preventing type 2 diabetes mellitus in Qatar by reducing obesity, smoking, and physical inactivity: mathematical modeling analyses. Popul Health Metrics. (2019) 17:20–09. doi: 10.1186/s12963-019-0200-1 

 18. Al Ali, R, Mzayek, F, Rastam, S, M Fouad, F, O’Flaherty, M, Capewell, S , et al. Forecasting future prevalence of type 2 diabetes mellitus in Syria. BMC Public Health. (2013) 13:507. doi: 10.1186/1471-2458-13-507 

 19. Sözmen, K, Unal, B, Capewell, S, Critchley, J, and O’Flaherty, M. Estimating diabetes prevalence in Turkey in 2025 with and without possible interventions to reduce obesity and smoking prevalence, using a modelling approach. Int J Public Health. (2015) 60:13–21. doi: 10.1007/s00038-014-0622-2 

 20. IBGE. (2018). Instituto Brasileiro de Geografia e Estatística. Projeções da População do Brasil e Unidades da Federação por sexo e idade: 2010-2060. Available at: https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html?=&t=resultados (Accessed March 15, 2022)

 21. Brazil. Ministry of Health. VIGITEL BRASIL 2020 Vigilância de Fatores de Risco e Proteção para Doenças Crônicas por Inquérito Telefônico Ministry of Health (2021). 124 p.

 22. Barendregt, JJ, Van Oortmarssen, GJ, Vos, T, and Murray, CJ. A generic model for the assessment of disease epidemiology: the computational basis of DisMod II. Popul Health Metrics. (2003) 1:4. doi: 10.1186/1478-7954-1-4 

 23. Barendregt, JJ, Baan, CA, and Bonneux, L. An indirect estimate of the incidence of non-insulin-dependent diabetes mellitus. Epidemiology. (2000) 11:274–9. doi: 10.1097/00001648-200005000-00008

 24. Muggeo, M, Verlato, G, Bonora, E, Bressan, F, Girotto, S, Corbellini, M , et al. The Verona diabetes study: a population-based survey on known diabetes mellitus prevalence and 5-year all-cause mortality. Diabetologia. (1995) 38:318–25. doi: 10.1007/BF00400637 

 25. Al-Quwaidhi, AJ, Pearce, MS, Sobngwi, E, Critchley, JA, and O’Flaherty, M. Comparison of type 2 diabetes prevalence estimates in Saudi Arabia from a validated Markov model against the international diabetes federation and other modelling studies. Diabetes Res Clin Pract. (2014) 103:496–503. doi: 10.1016/j.diabres.2013.12.036 

 26. Briggs, A. Economics notes: handling uncertainty in economic evaluation. BMJ. (1999) 319:120–09. doi: 10.1136/bmj.319.7202.120 

 27. Hales, CM, Carroll, MD, Fryar, CD, and Ogden, CL. Prevalence of obesity and severe obesity among adults: United States, 2017-2018. NCHS Data Brief. (2020) 360:1–8.

 28. Thielman, J, Harrington, D, Rosella, LC, and Manson, H. Prevalence of age-specific and sex-specific overweight and obesity in Ontario and Quebec, Canada: a cross-sectional study using direct measures of height and weight. BMJ Open. (2018) 8:e022029. doi: 10.1136/bmjopen-2018-022029 

 29. Ahirwar, R, and Mondal, PR. Prevalence of obesity in India: a systematic review. Diabetes Metab Syndr. (2019) 13:318–21. doi: 10.1016/j.dsx.2018.08.032

 30. de Ferreira, AP, Szwarcwald, CL, Damacena, GN, and Souza Júnior, PRB. Increasing trends in obesity prevalence from 2013 to 2019 and associated factors in Brazil. Rev Bras Epidemiol. (2021) 24:e210009. doi: 10.1590/1980-549720210009.supl.2 

 31. Kim, T, and Knesebeck, O. Income and obesity: what is the direction of the relationship? A systematic review and meta-analysis. BMJ Open. (2018) 8:e019862. doi: 10.1136/bmjopen-2017-019862

 32. Newton, S, Braithwaite, D, and Akinyemiju, TF. Socio-economic status over the life course and obesity: systematic review and meta-analysis. PLoS One. (2017) 12:e0177151–1. doi: 10.1371/journal.pone.0177151 

 33. Gubert, MB, Spaniol, AM, Segall-Corrêa, AM, and Pérez-Escamilla, R. Understanding the double burden of malnutrition in food insecure households in Brazil. Matern Child Nutr. (2017) 13:12347. doi: 10.1111/mcn.12347 

 34. Wells, JC, Sawaya, AL, Wibaek, R, Mwangome, M, Poullas, MS, Yajnik, CS , et al. The double burden of malnutrition: aetiological pathways and consequences for health. Lancet. (2020) 395:75–88. doi: 10.1016/S0140-6736(19)32472-9 

 35. Brazil. Ministry of Health. Vigitel Brasil 2006–2020: Estado Nutricional e Consumo Alimentar. Vigilância de Fatores de Risco e Proteção Para Doenças Crônicas Por Inquérito Telefônico: Estimativas Sobre Frequência e Distribuição Sociodemográfica Do Estado Nutricional e Consumo Alimentar Nas Capitais Dos 26 Estados Brasileiros e No Distrito Federal Entre 2006 e 2020 (2022). 76 p.

 36. Brazil. Ministry of Health. (2021). Plano de Ações Estratégicas para o Enfrentamento das Doenças Crônicas e Agravos não Transmissíveis no Brasil, 2021-2030. Ministério da Saúde. 118. Available at: https://bvsms.saude.gov.br/bvs/publicacoes/plano_enfrentamento_doencas_cronicas_agravos_2021_2030.pdf

 37. Ramos, DB, Burlandy, L, Dias, PC, Henriques, P, Castro, LMC, Teixeira, MRM , et al. Propostas governamentais brasileiras de ações de prevenção e controle do sobrepeso e obesidade sob perspectiva municipal. Cad Saúde Pública. (2020) 36:e00116519. doi: 10.1590/0102-311X00116519 

 38. BRASIL. Ministry of Health. Portaria no 2.446. Redefine a Política Nacional de Promoção da Saúde (PNPS). PNPS. (2014) 12:2014.

 39. Brazil. Ministry of Health. (2022). PROTEJA: Estratégia Nacional Para Prevenção e Atenção à Obesidade Infantil: Orientações Técnicas. Available at: https://bvsms.saude.gov.br/bvs/publicacoes/proteja_estrategia_nacional_obesidade_infantil.pdf

 40. Brazil Ministry of Health. (2012). Política Nacional de Atenção Básica.

 41. Monteiro, CA, Cannon, G, Moubarac, JC, Levy, RB, Louzada, MLC, and Jaime, PC. The UN decade of nutrition, the NOVA food classification and the trouble with ultra-processing. Public Health Nutr. (2018) 21:5–17. doi: 10.1017/S1368980017000234 

 42. Burlandy, L, Prado Alexandre-Weiss, V, Silva Canella, D, Feldenheimer da Silva, AC, Paes, M, de Carvalho, C , et al. Obesity agenda in Brazil, conflicts of interest and corporate activity. Health Promot Int. (2021) 36:1186–97. doi: 10.1093/heapro/daaa085 

 43. Silva, R, Del Duca, G, Delevatti, R, Streb, A, and Malta, D. Association between characteristics of physical activity in leisure time and obesity in adults and elderly BRAZILIANS. Obes Res Clin Pract. (2020):15. doi: 10.1016/j.orcp.2020.11.004

 44. Brazil Ministry of Health. (2021). Guia de Atividade Física Para a População Brasileira. Available at: https://bvsms.saude.gov.br/bvs/publicacoes/guia_atividade_fisica_populacao_brasileira.pdf

 45. Nguyen, P, Ananthapavan, J, Tan, EJ, Crosland, P, Bowe, SJ, Gao, L , et al. Modelling the potential health and economic benefits of reducing population sitting time in Australia. Int J Behav Nutr Phys Act. (2022) 19:28. doi: 10.1186/s12966-022-01276-2 

 46. López-González, L, Becerra-Tomás, N, Babio, N, Martínez-González, MÁ, Nishi, SK, Corella, D , et al. One-year changes in fruit and vegetable variety intake and cardiometabolic risk factors changes in a middle-aged Mediterranean population at high cardiovascular risk. Eur J Clin Nutr. (2022) 76:1393–402. doi: 10.1038/s41430-022-01124-3 

 47. Miranda, JJ, Thow, AM, Cárdenas, MK, Corvalán, C, Barrientos-Gutiérrez, T, and Kaufman, JS. Nutrition-related health taxes: setting expectations. Lancet Diabetes Endocrinol. (2022) 10:93–4. doi: 10.1016/S2213-8587(21)00325-9 

 48. Kanter, R, Reyes, M, Vandevijvere, S, Swinburn, B, and Corvalán, C. Anticipatory effects of the implementation of the Chilean law of food labeling and advertising on food and beverage product reformulation. Obes Rev. (2019) 20:129–40. doi: 10.1111/obr.12870

 49. Mytton, OT, Boyland, E, Adams, J, Collins, B, O’Connell, M, Russell, SJ , et al. The potential health impact of restricting less-healthy food and beverage advertising on UK television between 05.30 and 21.00 hours: a modelling study. PLoS Med. (2020) 17:e1003212. doi: 10.1371/journal.pmed.1003212 

 50. Burgoine, T, Sarkar, C, Webster, CJ, and Monsivais, P. Examining the interaction of fast-food outlet exposure and income on diet and obesity: evidence from 51,361 UK biobank participants. Int J Behav Nutr Phys Act. (2018) 15:71. doi: 10.1186/s12966-018-0699-8 

 51. Hoebel, J, Kuntz, B, Kroll, LE, Schienkiewitz, A, Finger, JD, Lange, C , et al. Socioeconomic inequalities in the rise of adult obesity: a time-trend analysis of National Examination Data from Germany, 1990-2011. Obes Facts. (2019) 12:344–56. doi: 10.1159/000499718 

 52. Cabrera Escobar, MA, Veerman, JL, Tollman, SM, Bertram, MY, and Hofman, KJ. Evidence that a tax on sugar sweetened beverages reduces the obesity rate: a meta-analysis. BMC Public Health. (2013) 13:1072. doi: 10.1186/1471-2458-13-1072 

 53. Dos, PCM, Maia, EG, Levy, RB, Martins, APB, and Claro, RM. Association between the price of ultra-processed foods and obesity in Brazil. Nutr Metab Cardiovasc Dis. (2020) 30:589–98. doi: 10.1016/j.numecd.2019.12.011

 54. Imamura, F, O’Connor, L, Ye, Z, Mursu, J, Hayashino, Y, Bhupathiraju, SN , et al. Consumption of sugar sweetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes: systematic review, meta-analysis, and estimation of population attributable fraction. BMJ. (2015) 351:h3576. doi: 10.1136/bmj.h3576 

 55. Malik, VS. Sugar sweetened beverages and cardiometabolic health. Curr Opin Cardiol. (2017) 32:572–9. doi: 10.1097/HCO.0000000000000439

 56. Malik, VS, Pan, A, Willett, WC, and Hu, FB. Sugar-sweetened beverages and weight gain in children and adults: a systematic review and meta-analysis. Am J Clin Nutr. (2013) 98:1084–102. doi: 10.3945/ajcn.113.058362 

 57. Malik, VS, Willett, WC, and Hu, FB. Global obesity: trends, risk factors and policy implications. Nat Rev Endocrinol. (2013) 9:13–27. doi: 10.1038/nrendo.2012.199 

 58. Luger, M, Lafontan, M, Bes-Rastrollo, M, Winzer, E, Yumuk, V, and Farpour-Lambert, N. Sugar-sweetened beverages and weight gain in children and adults: a systematic review from 2013 to 2015 and a comparison with previous studies. OFA. (2017) 10:674–93. doi: 10.1159/000484566 

 59. Tedstone, A, Targett, V, Owtram, G, Pyne, V, Allen, R, Bathrellou, K , et al. Sugar reduction: achieving the 20% a technical report outlining Progress to date, guidelines for industry, 2015 baseline levels in Key foods and next steps. London: Public health England (2017). 110 p.

 60. Itria, A, Borges, SS, Rinaldi, AEM, Nucci, LB, and Enes, CC. Taxing sugar-sweetened beverages as a policy to reduce overweight and obesity in countries of different income classifications: a systematic review. Public Health Nutr. (2021) 24:5550–60. doi: 10.1017/S1368980021002901 

 61. Bucher Della Torre, S, Moullet, C, and Jotterand, CC. Impact of measures aiming to reduce sugars intake in the general population and their implementation in Europe: a scoping review. Int J Public Health. (2022) 66:1604108. doi: 10.3389/ijph.2021.1604108 

 62. Brazil Ministry of Health. Instrutivo de Abordagem Coletiva Para Manejo Da Obesidade No SUS (2021). 150 p.


Copyright
 © 2024 Moreira, de Arruda Neta, Ferreira, de Araújo, Rodrigues, Lima, Vianna, Silva Neto and O’Flaherty. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1275167-t003.jpg
Baseline
2006
2020
2036
Scenario 1
2006
2020
2036
Scenario 2
2006
2020
2036

Projected prevalence of T2D by 2036.

Men %
87 (69-10.4)
20.4(17.6-22.4)
17.1 (15.8-17.7)
Men %

87 (69-10.4)
20.4(17.6-22.4)
16.4 (15.4-16.6)
Men %

87 (69-10.4)
20.4(17.6-22.4)

159 (15.1-15.9)

Womet
9.1(7.3-109)
317 (30.9-34.0)
359 (31.1-37.7)
Women %
9.1(73-109)
317 (30.9-34.0)
30.2(29.0-33.4)
Women %
9.1(73-109)
317 (30.9-34.0)

25.8(22.4-31.3)

Total %
89(7.1-10.7)
263(26.2-268)
27.0 (26.9-27.7)
Total %
89(7.1-10.7)
26.3(26.2-26.8)
23.7 (23.2-24.9)
Total %
89(7.1-10.7)
26.3(26.2-26.8)

212(19.4-23.7)





OPS/images/fpubh-12-1275167-t001.jpg
2006 2020 2036

Population Population Population
N* (million) N* (million) N* (miltion)
w

25-34 156 155 310 176 171 254 150 146 186
35-44 127 13.0 256 159 16.7 245 16.6 16.7 208
45-54 9.6 10.1 19.6 12.6 13.6 195 16.0 169 206
55-64 58 65 122 96 109 153 130 145 172
65-74 32 39 72 5.7 7.0 9.4 9.2 1L1 127
75+ 17 26 43 32 4.8 59 6.4 9.7 10.1
Total 488 519 100.0 64.1 703 100.0 76.4 83.7 100.0

N, number; M, men; W, women; %: percentage in relation to the total population.





OPS/images/fpubh-12-1275167-t002.jpg
Age 2006 2020
groups

Obesity % Smoking % Obesity % Smoking %

M W M W M W M w

45-54 70 59 173 148 226 176 80 78 255 21 152 14
55-64 126 135 161 190 185 13 158 160 244 25 154 106
65-74 169 184 132 190 138 78 26 28 197 27 12 64
75+ 183 177 89 183 83 54 246 27 142 208 65 44
Total 110 106 145 125 178 114 19.1 23 29 217 128 7.9

N, number; M, men; W, women.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Predicting the prevalence of type 2 diabetes in Brazil: a modeling study



		1 Introduction



		2 Materials and methods



		2.1 Model overview



		2.2 Data sources



		2.3 Estimating the incidence, case fatality, and mortality parameters



		2.4 Validation



		2.5 Type 2 diabetes forecast and policy scenarios



		2.6 Policy scenarios



		2.7 Sensitivity analysis









		3 Results



		3.1 Demographic and epidemiological chances



		3.2 Observed prevalence of type 2 diabetes, obesity, and smoking



		3.3 The effect of obesity and smoking trends on type 2 diabetes prevalence



		3.4 Scenario projections









		4 Discussion



		4.1 Policy scenarios and their importance



		4.2 Strengths and limitations



		4.3 Public health implications: a call to actions









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fpubh-12-1275167-e001.jpg
RR

RRadj = ——
PRR+1-p





OPS/images/fpubh-12-1275167-g001.jpg
DM Incidence
H

M Soker:
e mokers

oy,
In o
e

Obese

Diabetes
Mellitus

(DM)

DM specific mortality

-/ \ g
deaths DM
deaths






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Predicting the prevalence of type
2 diabetes in Brazil: a modeling
study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






