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Projection of diabetes morbidity
and mortality till 2045 in Indonesia
based on risk factors and NCD
prevention and control programs

Mugi Wahidin¥%3, Anhari Achadi“*, Besral Besral*, Soewarta Kosen®, Mardiati Nadjib*,
Atik Nurwahyuni“, Sudarto Ronoatmodjo*, Ekowati Rahajeng?, Masdalina Pane? &
Dian Kusuma®

Diabetes Mellitus is one of the biggest health problems in Indonesia but the research on the disease’s
projection is still limited. This study aimed to make a projection model of prevalence and mortality of
diabetes in Indonesia based on risk factors and NCD programs. The study was a quantitative non-
experimental study through multiple linear regression models and system dynamics. The baseline
projection was created by 2018 data and projections until 2045 involved the dynamization of risk
factors and programs, population, and case fatality rate. The model was created from 205 districts
data. This study used secondary data from Basic Health Research, BPJS Kesehatan, NCD programs,
and Ministry of Health. The prevalence of diabetes in Indonesia is estimated to increase from 9.19%
in 2020 (18.69 million cases) to 16.09% in 2045 (40.7 million cases). The prevalence will be lower to
15.68% (39.6 million) if interventions of programs were carried out, and to 9.22% (23.2 million) if the
programs were added with prevention of risk factors. The projected number of deaths due to diabetes
increases from 433,752 in 2020 to 944,468 in 2045. Deaths due to stroke among diabetes increases
from 52,397 to 114,092 in the same period. Deaths from IHD among diabetes increase from 35,351
to 76,974, and deaths from chronic kidney disease among diabetes increase from 29,061 to 63,279.
Diabetes prevalence and mortality in Indonesia rise significantly in Indonesia and can be reduced by
intervention of several programs and risk factors. This study findings could be source of planning and
evaluation of Diabetes prevention and control program at national and provincial level in the future
related to risk factors control and program development.
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Abbreviations

DM Diabetes Mellitus

MAPE Absolute Mean Percentage Error
NCD Non Communicable Disease

Pandu Pelayanan Terpadu (NCD integrated services at Primary Health Center)
Posbindu  Pos Pembinaan Terpadu (NCD integrated post at community)

Prolanis  Program pelayanan penyakit kronis (Chronic disease management)
SPM Standar Pelayanan Minimal (Minimum Standard Services)

The burden of Diabetes, one of main Non-Communicable Diseases (NCD), in term of prevalence and mortality
becomes a serious problem in the word as well as in Indonesia. The prevalence rate of the disease was 5943 per
100.000 population in 2019 worldwide, which rose from 2968 per 100,000 in 1990. Meanwhile, the mortality rate
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was 20.5 per 100,000 population which increased from 12.37 per 100,000 in 1990". In Indonesia, the prevalence
was 5.7% among adults in 2007 became 6.9% in 2013 and 8.5% in 2018*™*.

There was common risk factors related to Diabetes such as obesity, smoking, unhealthy diet, lack of physical
activity, hypertension, raised in blood glucose, and increase of cholesterol®~”. Similarly, study of Peters et al.®
revealed that unhealthy diet, lack of physical activity, smoking, hypertension, and obesity. The study of Kristianita
described that there was a significant relationship between fruit and vegetable consumption, physical activity,
and the incidence of type 2 Diabetes. Moreover, the study of Zhang et al.” stated that overweight, obesity, high
triglyceride, and hypertension are risk factors for Diabetes in men and women.

Diabetes becomes part of main disease prevention and control program in Indonesia that is included in the
National Medium-Term Development Plan 2020-2024, Strategic Plan of the Ministry of Health 2020-2024"},
and indicators in the Minimum Service Standards for district government'2. Thus, there are several NCD pro-
grams developed nationally namely NCD integrated post (Posbindu), NCD integrated Service in Primary Health
Center (Pandu), as well as the Chronic Disease Service (Prolanis) program’. Furthermore, there are also screening
program including obesity, central obesity, and program of Diabetes standard services in the minimum service
standards (SPM) as obligation of district government'% The program might influence the development of dia-
betes, but information of the influence was still limited.

In order to develop adequate prevention and control programs of diabetes, projection of the diseases, espe-
cially morbidity and mortality is needed. Projection of Diabetes prevalence may be developed using risk factors
and prevention and control programs. The research of Meng et al."? included risk factors used for diabetes pro-
jection, namely body mass index, smoking, alcohol consumption, physical activity, and meat, fish, and vegetable
consumption. Meanwhile, the research of Nai-Arun and Moungmai, used smoking, alcohol consumption, family
history of diabetes, family history of hypertension, weight, BMI, blood pressure, age, and sex as predictors of'.

Projection of the prevalence and mortality of diabetes mellitus is still limited in Indonesia. One of the Dia-
betes burden study in Indonesia was conducted in 1993, which showed that the Diabetes treatment burden in
Indonesia reached IDR 1.5 billion per day or IDR 500 billion a year'®. Another study was a projection till 2024
by Nurhayati' that by 2020 the prevalence of Diabetes in Indonesia was 8.71% which rose from 8.13% in 2017
and becomes 9.49% in 2024. This study was a literature review based on Institute of Health Metric and Evaluation
(IHME) data. Compared to the existing data, the prevalence of 2017 was lower than 2018 national data (8.5%)*.

Diabetes burden projection research has been conducted in various countries. Research by Tan et al."” in
Singapore on the projection of Diabetes complications in 2050 in the form of acute myocardial infarction is
estimated to increase from 9300 in 2019 to 16,400 in 2050. The number of strokes increased from 7300 to 12,800,
and the number of end-stage kidney disease from 1700 to 2700". Research by Rowley, et al. (2017) on Diabetes
projections in the United States through 2030 shows that Diabetes prevalence increases by 54% or more than
54.9 million population between 2015 and 2030, with Diabetes—related deaths increasing 38% to 385,800 people
per year's. Another Diabetes projection study by Boyle et al.'” in the United States shows that the incidence of
DM is expected to increase from 8 cases per 1000 in 2008 to 15 by 2050.

Besides influence of the risk factors, influence of prevention and control program to diabetes is not known
clearly. The projection is needed to estimate the burden and develop anticipated prevention and control program.
The previous projection of diabetes in Indonesia used regression based on risk relative of the risk factors only.
Thus, we conducted the study to develop projection of diabetes prevalence and mortality based on risk factors
and NCD prevention and control programs in Indonesia. The projection of diabetes using modeling of risk fac-
tors and NCD control programs in this manuscript is the first method in Indonesia.

Methods

Study design

The study used a quantitative non-experimental study design through developing projection models with mul-
tiple linear regression and system dynamics. The model was based on risk factors and Diabetes prevention and
control programs, as well as population size, Diabetes risk factor growth, Diabetes prevention and control pro-
gram growth, case fatality rate, and population projection. This study used secondary data from Basic Health
Research 2007, 2013, 2018, National Health Insurance Body (BPJS) 2016-2020, Directorate of P2PTM Ministry
of Health 2016-2020, Center for Data and Information the Ministry of Health (2019-2021), and the Central
Bureau of Statistics. Wes use district level as analysis unit. This study used risk factors and program of Diabetes to
project the morbidity and mortality of Diabetes which was a new method of analysis in projection of the disease
in Indonesia. The previous study in Indonesia used only risk factors and existing cases to project the disease.

Study approval
The study was approved by Universitas Indonesia and the authors confirmed that all methods were performed
in accordance with the relevant guidelines and regulations in Universitas Indonesia.

Dependent variable

The dependent variables were diabetes morbidity and mortality. Morbidity means prevalence of diabetes, which
was defined as percentage of adult respondent (15 years and above) who had diabetes based on medical doctor
diagnosis which was adjusted by the prevalence of diabetes based on blood glucose measurement (8.5%). The
mortality was number of deaths due to diabetes, number of death due to stroke among diabetes cases, deaths due
to ischemic health disease among diabetes cases, and deaths due to chronic kidney disease among diabetes cases.
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Independent variables

There were 10 risk factors and 8 NCD prevention and control programs included in the projection model. The
risk factors consisted of prevalence of overweight, obesity, central obesity, sweet food consumption, sugary bev-
erage consumption, fatty food consumption, lack of fruit and vegetable consumption, lack of physical activity,
smoking, and hypertension. Meanwhile, the prevention and control programs included Posbindu, village run-
ning Posbindu, examination of Posbindu, Pandu, Prolanis, routine checking blood glucose, Minimum standard
service (SPM) for Diabetes services and minimum standard services of NCD screening.

Overweight was categorized by body mass index (BMI) for 25-26.9, meanwhile 27 and above for obesity.
Central obesity category was waist circumferences 90 cm (males) and 80 and above (females). Sweety food con-
sumption was consumption the food containing excessive sugar/carbohydrate 1 time or more a day and sweety
beverage consumption was consumption the drinking water containing excessive sugar 1 time or more a day.
Fatty food consumption was consumption excessive fat/fried food 1 or more a day. Lack of fruit and consumption
was no consumption of or less than 5 portions of fruit or vegetables a day. Moreover, Lack of physical activity
was less 30 min or 150 min moderate physical activity a day. Smoking meant active smoking in the last month.
Meanwhile, hypertension was based on blood pressure examination for those who has systole of 140 mmHg or
diastole for 90 mmHg.

Posbindu was a community participation on detecting and monitoring NCD risk factors. Village running
Posbindu meant village that has active Posbindu. Examination of Posbindu was activity of NCD risk factors
detection namely smoking, physical activity, fruit and vegetable consumption, weight and height measurement,
blood pressure measurement, and blood measurement. Pandu was an activity of detection of NCD risk factors,
detection of NCD cases and standard treatment in primary health centers. Prolanis is a chronic disease manage-
ment, including diabetes and hypertension, run by primary health center with activities of monthly blood glucose
measurement, blood pressure measurement, treatment, physical activity, and counseling.

Coverage of village running Posbindu was percentage of village had Posbindu, coverage of Posbindu exami-
nation was percentage of members examined in the Posbindu. Coverage of Pandu is percentage of Primary
health center (PHC) developing integrated NCD, coverage of Prolanis was member of Prolanis among people
aged 15 years and above. Routine of blood glucose checking was percentage of people who regularly checks
blood glucose monthly. Coverage of SPM Diabetes service was percentage of Diabetes patients have standard
treatment, and coverage of NCD screening was people aged 15 years and above who have complete screening
for NCD risk factors.

Data analysis

Data analysis performed in the study was development of baseline prevalence and mortality projection in 2018
using multiple linear regression and projections till 2045 using system dynamics. Multiple Linear regression was
developed through step of bivariate selection, multivariate modelling, and final model development®*?'. Bivariate
selection was performed by correlation analysis between risk factors and diagnosed Diabetes prevalence, which
risk factors that had p value less than 0.25 was inputted into full model?. Based on bivariate analysis, 16 out of
18 predictors were included in the full model. Two risk factors namely sweety food consumption and sweety
beverage consumption were excluded.

The multivariate testing used Enter method. Then, the multivariate modelling was performed by excluding
variables from full model that had p value more than 0.05. If the variable did not influence R? and B of other
variables for 10%, the variables were kept excluded. The variables excluded from final model were Pandu and
lack of fruit and vegetables consumption. So, there were 14 determinants included in the final model. In order
to justify the fit of the model, all assumption of multiple linear regression were tested, for existence, independ-
ence, linearity, homoscedasticity, normality, and collinearity?>*" After testing, all assumption were complied.

Based on multiple linear regression analysis, there were 9 variables consisting of 4 risk factors and 5 preven-
tion and control programs as predictors of Diabetes prevalence in the final model. With R? 0.571, the model
described as Diabetes prevalence = — 1.212 + 0.216 overweight prevalence + 0.017 obesity prevalence + 0.112
central obesity prevalence + 0.019 prevalence of fatty food consumption-0.001 Percentage of villages with PTM
Posbindu + 0.003 percentage of Pandu + 1.510 prevalence of routine blood sugar checks—0.012 SPM coverage
of DM Diabetes service + 0.008 SPM coverage productive age screening.

In order to make a projection to 2045, we incorporate trend/dynamization of each risk factor and program.
Risk factors’ trend based on their trends from 2007 to 2018 based on Basic Health research Data. Trend of the
program based on data from 2016 to 2020. Assumption of SPM of Diabetes health services and SPM of produc-
tive age screening using random normal based on the average of 3 years (2019-2021) and its standard deviation.

Assumptions of case fatality rate of diabetes and proportion of its complication were based on BPJS data
2016-2020. Case fatality rate of Diabetes was 2.32% for diabetes, proportion of death due to stroke, ischemic
heart disease, and chronic kidney disease among Diabetes cases was 12.08%, 8.15%, and 6.7% respectively.
Meanwhile, assumption of neuropathy due to diabetes was 53.64%??, retinopathy was 30.7%?*, and Diabetes Keto
Acidosis (DKA) among diabetes cases was 3,07%?* and its mortality for 72 h was 28.57%?. Projection was made
in three scenarios, namely scenario without intervention (scenario 1), scenario with program intervention of
village with Posbindu and SPM of Diabetes services each 100% coverage (scenario 2), and scenario with program
intervention and halt of the rate of risk factors (overweight, obesity, central obesity, and fatty food consumption)
as condition in 2018. The projection results have been declared valid after discussion with experts and have an
Absolute Mean Percentage Error (MAPE) of 12% for provincial and national projections and 23% for district/
city projections®. For generating maps, Looker Studio software with release date on 20 December 2022 was used
in this geographical distribution analysis using results of this study. The software could be accessed at https://
lookerstudio.google.com/overview.
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Ethics approval and consent to participate

The study was approved by The Research and Community Engagement Ethical Committee Faculty of Public
Health Universitas Indonesia No. Ket-438/UN2.F10.D11/PPM.00.02/2022 on June 22" 2022. The data (aggre-
gate data) used in this study were anonymized before its use. Following The Guideline and Ethical Standard of
National Health Research and Development issued by Ethical Board of National Health Research and Develop-
ment, Ministry of Health (2013), this study did not use informed consent as it used secondary data. The authors
had permission to use the data from each secondary data holder, namely Head of Policy and Development Body,
Ministry of Health, Director of Non-Communicable Disease Prevention and Control, Ministry of Health, and
Director of National Health Insurance (BP]JS).

Consent for publication

We, the authors, give our consent for the publication of this paper, which can include detail of tables and figures
to be published in Scientific Reports. Data of diabetes prevalence and ant the risk factors 2007 can be accessed
at https://labmandat litbang.kemkes.go.id/adownload/?id=2&lkey=82206a9b1521b38 (closed), 2013 at https://
labmandat.litbang.kemkes.go.id/adownload/?id=3&lkey=4c9c023be7c4al2 (closed), and 2018 at https://labma
ndat.litbang.kemkes.go.id/adownload/?id=4&lkey=8ad2f351fd26042 (closed). Data of Indonesia population can
be accessed at https://www.bps.go.id/subject/12/kependudukan.html#subjekViewTab5 (open). Links of diabetes
risk factors were granted from Head of Policy and Development Body, Ministry of Health. Data of national NCD
programs supplied by Director of Non-Communicable Disease Prevention and Control, Ministry of Health. Data
of diabetes mortality was supplied by Director of National Health Insurance (BPJS).

Results

Projection of diabetes prevalence

The prevalence and number of Diabetes cases (total) in Indonesia and in each province is estimated to increase
quite high in 2020-2045. Nationally, Diabetes prevalence increased from 9.19% in 2020 (18.69 million cases) to
16.09% in 2045 (40.7 million cases). It rose 75.1% over 25 years, with an average increase of 3% from prevalence
per year. The provinces with the highest prevalence in 2045 are Jakarta (23.11%) and the lowest East Nusatenggara
province (8.91%) (Fig. la, Table 1). Based on seven regions, Java-Bali region had the highest average of Diabetes
prevalence (18.27%) and the lowest was Nusatenggara region (10.87%) (Fig. 1b). The most cases in 2045 are
in West Java Province (7,170,569 cases) and the lowest in North Kalimantan Province (138,038 cases) (Fig. 1c,
Table 2). The microvascular complication of diabetes, namely neuropathy and retinopathy were also projected
to rise from 2020 to 2045. Neuropathy increased from 10,028,638 cases to 21,836,747 cases and retinopathy rose
from 5,739,732 cases to 12,497,915. The highest cases of 2045 were in West Java province with 3,846,293 cases and
2,201,365 and the lowest was in North Kalimantan Province with 74,044 cases and 42,378 cases for neuropathy
and retinopathy, respectively (Tables 3 and 4).

In Fig. 2, it is known that the prevalence of Diabetes is projected at 16.09% in 2045 without intervention and
will be lower to 15.68%, or reduced by 5.54%, if the intervention is carried out to increase the coverage of villages
with Posbindu and SPM of Diabetes services to 100%. The prevalence will be even lower to 9.22% or reduced
by 42.69% if the program intervention is added by preventing the rise of the risk factors (overweight, obesity,
central obesity, and consumption of fatty foods).

The cases of Diabetes in 2045 is estimated at 40.7 million without intervention. If with the intervention of
increasing the program of village with Posbindu and SPM of Diabetes services, the cases are reduced to 39.6
million cases. The cases are even lower if the program is added to halt the increase of risk factors (overweight,
obesity, central obesity, consumption of fatty foods), then cases become 23.2 million (Fig. 3).

Projection of mortality due to diabetes

The number of deaths due to Diabetes in Indonesia and each province is estimated to increase quite high in
2020-2045. Nationally, the number of deaths due to Diabetes increased from 433,752 in 2020 to 944,468 in
2045 (Fig. 4, Table 5). Stroke deaths among Diabetes cases increased from 52,397 in 2020 to 114,092 in 2045.
Deaths from ITHD among Diabetes cases increased from 35,351 in 2020 to 76,974 in 2045. Meanwhile, deaths
from chronic kidney disease among Diabetes cases rose from 29,061 in 2020 to 63,279 in 2045. Additionally,
deaths due to Diabetic Ketoacidosis (DKA) among Diabetes cases rose from 162,382 to 353,576. The number
of deaths from Diabetes and its complications increased by 117% over 25 years or an average of 4.7% per year
(Tables 6, 7, 8 and 9).

At the provincial level, deaths due to Diabetes and its three complications in 2045 are highest in West Java
province with 166,357 deaths due to Diabetes, 3,202 deaths from stroke among Diabetes, 13,558 deaths from
IHD among Diabetes, and 11,146 deaths from CKD among Diabetes. The lowest mortality was in North Kali-
mantan province with 3,202 deaths due to Diabetes, 387 deaths from stroke among Diabetes, 261 deaths from
IHD among Diabetes, and 215 deaths from CKD among Diabetes Tables 6, 7, 8 and 9).

Figure 5 shows that the number of deaths due to Diabetes in 2045 is estimated at 944,468 if without inter-
vention and lower to 919,206 (reduced by 2.67%) if program improvement interventions are carried out and
to 537,190 (reduced by 43.12%) if program improvement is added with controlling of the risk factors increase.

Discussion

The result of the study shows that the prevalence of Diabetes in Indonesia increased from 9.19% in 2020 (18.69
million cases) to 16.09% in 2045 (40.7 million cases) or an increase of 75.1% over 25 years, or an average of
3% per year. The province with the highest prevalence in 2045 is Jakarta (23.11%) and the lowest is East Nusa
Tenggara province (8.91%). The largest number of cases in 2045 is in West Java Province (7,170,569 cases) and
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I 7,170,569

the lowest is in North Kalimantan Province (138,038 cases). The results of this study indicate a large increase
in the prevalence and number of Diabetes cases in Indonesia, if adequate prevention and control of the NCDs
risk factors programs are not carried out. Jakarta Province is an urban area which have higher Diabetes risk
factors so that the prevalence is the highest. NTT Province is a rural province with a lower risk of Diabetes, so
the prevalence is the lowest. The size of cases corresponds to the magnitude of the prevalence and the number
of adult populations. The number of Diabetes cases is according to the prevalence and number of people aged
15 years and over, so provinces with large populations tend to have a larger number of Diabetes cases. West Java
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Diabetes prevalence projection (%)

No | Province 2020 | 2025 (2030 |2035 |2040 | 2045
1 Aceh 8.31 9.87 | 1145 |13.14 |14.74 |16.39
2 North Sumatera 8.84 |10.34 [11.72 |13.17 |14.76 |15.83
3 West Sumatera 842 | 999 |11.53 |13.35 |14.94 |16.55
4 Riau 8.58 | 10.40 |12.26 |14.08 |15.81 |17.70
5 Jambi 6.77 | 809 | 9.51 |10.83 |12.43 |14.28
6 South Sumatera 7.35 | 9.15 |11.01 |12.90 |14.92 |16.83
7 Bengkulu 7.17 | 8.64 | 9.68 |10.98 |12.47 | 14.49
8 Lampung 6.63 | 810 | 9.61 |11.05 |12.64 |13.86
9 Bangka Belitung Island | 9.66 | 11.07 |12.69 |14.23 |15.52 |17.16
10 Riau Island 9.54 | 1091 |1229 |13.73 |15.15 | 1647
11 Jakarta 1430 |16.09 |18.12 |19.60 |21.40 |23.11
12 West Java 9.42 |10.56 |11.62 |12.78 |13.90 |14.95
13 Central Java 8.99 |10.44 |11.73 |13.23 |14.50 |15.86
14 Yogyakarta 12.60 | 14.31 |16.08 |17.84 |19.99 |21.94
15 East Java 10.07 | 11.55 |12.86 |14.08 |15.51 |17.01
16 Banten 9.66 |10.58 |12.22 |13.18 |14.43 |15.56
17 Bali 10.31 | 1225 |13.93 |15.87 |17.31 |19.43
18 West Nusa Tenggara 6.58 7.41 8.97 |10.06 |11.64 |12.84
19 East Nusa Tenggara 3.89 5.10 6.10 6.90 8.09 8.91
20 West Kalimantan 7.28 876 | 9.76 |11.39 |13.16 |14.48
21 Central Kalimantan 743 | 850 | 9.65 |10.89 |12.01 |12.97
22 South Kalimantan 8.89 |10.27 |11.52 |12.88 |14.23 |15.42
23 East Kalimantan 12.36 |13.70 |1523 |17.01 |18.58 |20.25
24 North Kalimantan 14.33 | 14.83 |15.64 |16.18 |16.53 |17.29
25 North Sulawesi 10.61 |11.76 |12.82 |13.46 |14.85 |15.84
26 Central Sulawesi 9.12 |10.30 |10.99 |12.18 |13.31 |14.72
27 South Sulawesi 8.62 | 10.64 |12.25 |14.37 |16.07 |17.99
28 Southeast Sulawesi 8.22 9.59 |10.99 |12.65 |14.20 |15.68
29 Gorontalo 10.62 | 12.26 |12.85 |14.57 |15.88 |17.03
30 West Sulawesi 747 | 941 |11.24 |13.27 |1525 |17.13
31 Maluku 7.89 | 933 |10.90 |12.41 |13.97 |1555
32 North Maluku 8.84 | 9.33 |10.97 |12.12 |12.87 |14.28
33 West Papua 8.89 | 9.83 |10.99 |12.30 |12.98 |14.28
34 Papua 7.71 837 | 9.08 | 997 |10.87 |11.19

Indonesia 9.19 |10.61 |11.89 |13.37 |14.79 |16.09

Table 1. Projection of DIABETES PREVALENCE IN Indonesia, 2020-2045, by province.

Province is the largest province in Indonesia so that the number of cases is the largest, while North Kalimantan
province is the province with the smallest population so that the number of Diabetes cases is also the lowest.

The increase in the prevalence of Diabetes in Indonesia is almost the same as the results of other studies. In
Indonesia, Nuryati’s research in 2012%” shows that the prevalence diabetes among adults in Indonesia 8.04%. This
study was a cross sectional study using secondary data from Basic Health Research 2007 with respondents above
18 years using oral glucose tolerance test. Nuryati’s study used the same as this study from Basic Health Research
but with different period (2007 and 2018 data) so the prevalence was quite same. But, the projection from this
study is higher that projection of Nurhayati'® that by 2020 the prevalence was 8.71% in Indonesia and 9.49%
in 2024. Nurhayati’s study used a literature review based on Institute of Health Metric and Evaluation (IHME)
data which was based on relative risk modelling using regression analysis. This projection is different from this
study which used not only risk factors but also Diabetes programs. It indicates that the programs influence the
burden of diabetes in Indonesia.

In Thailand, Mahikul et al.?® reported that Diabetes prevalence is predicted to increase from 6.5% in 2015
to 10.69% in 2035 or an increase of 64.4% over 20 years or 3.2% per year. According to data from the Institute
of Health Metric and Evaluation, the prevalence of Diabetes in Indonesia in 2019 is estimated at 3.98% of the
entire population or 10.33 million cases'. In China, research of Pan et al.”® in a systematic review 1987-2007
reported that the prevalence of Diabetes in China in 2009 was 3.9% (urban 5.2%, rural 2.9%) and is predicted to
increase to 5.4% (urban 6.9%, rural 3.8%) in 2016, or an increase of 38.4% over 7 years or an annual increase of
4.6%. Meanwhile, the number of Diabetes cases is projected to increase from 53.1 million cases in 2009 to 76.1
million cases in 2016. In Sweden, Andersson et al.> reported that the prevalence of Diabetes increased from
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Number of diabetes cases projection
No Province 2020 2025 2030 2035 2040 2045
1 Aceh 321,498 416,124 519,639 635,349 751,360 873,750
2 North Sumatera 943,618 1,187,416 1,432,263 1,688,543 1,965,634 2,171,341
3 West Sumatera 337,347 430,949 532,139 652,695 765,778 881,138
4 Riau 422,944 577,337 749,983 930,448 1,115,769 1,323,481
5 Jambi 182,506 232,864 288,936 343,965 408,111 480,378
6 South Sumatera 462,350 617,245 789,789 977,323 1,181,214 1,379,270
7 Bengkulu 107,272 138,246 163,836 195,098 229,731 274,375
8 Lampung 423,440 549,083 684,452 817,592 960,440 1,072,210
9 Bangka Belitung 106,364 131,390 160,724 190,355 217,009 248,833
10 Riau Island 162,291 218,131 283,507 362,349 453,336 555,171
11 Jakarta 1,170,540 1,363,348 1,578,110 1,746,904 1,932,776 2,093,705
12 West Java 3,526,676 4,247,308 4,953,851 5,708,318 6,456,651 7,170,569
13 Central Java 2,425,092 2,935,055 3,397,962 3,902,698 4,320,404 4,745,282
14 Yogyakarta 393,501 476,903 568,148 667,693 791,184 916,821
15 East Java 3,184,025 3,768,696 4,285,593 4,769,819 5,287,282 5,784,386
16 Banten 928,816 1,107,764 1,375,654 1,578,329 1,816,134 2,039,772
17 Bali 355,352 454,496 547,063 655,054 745,547 868,706
18 West Nusa Tenggara | 250,425 306,043 399,144 478,727 584,753 673,995
19 East Nusa Tenggara 150,977 213,758 274,306 331,772 411,342 474,199
20 West Kalimantan 275,238 356,041 421,828 517,757 623,131 707,526
21 Central Kalimantan | 149,556 185,747 225,840 269,995 311,710 348,806
22 South Kalimantan 279,663 348,269 418,653 494,369 569,880 639,636
23 East Kalimantan 342,169 408,152 482,296 565,851 642,241 721,296
24 North Kalimantan 74,716 86,172 100,094 112,312 123,511 138,038
25 North Sulawesi 204,505 237,340 268,411 289,644 324,898 349,627
26 Central Sulawesi 206,043 250,766 286,394 336,462 386,178 445,155
27 South Sulawesi 580,477 753,698 906,079 1,098,762 1,257,503 1,430,337
28 Southeast Sulawesi 158,586 202,326 250,555 309,283 369,209 429,852
29 Gorontalo 94,747 115,651 126,838 148,940 166,522 181,961
30 West Sulawesi 73,876 101,234 130,401 164,058 198,693 232,765
31 Maluku 101,568 128,630 159,333 190,583 223,357 257,124
32 North Maluku 79,931 91,795 116,083 136,318 152,464 177,012
33 West Papua 62,882 79,741 100,719 125,626 146,392 176,556
34 Papua 190,147 224,240 260,512 302,616 344,685 367,506
Indonesia 18,696,194 | 22,990,010 | 27,138,625 | 31,855,207 | 36,449,447 | 40,709,820

Table 2. Projection of diabetes cases in Indonesia, 2020-2045, by province.

5.8% in 2007 to 6.8% in 2013 (2013) and will rise to 10.4% in 2050 or an increase of 79.3% over 1.8% per year.
The number of cases is predicted to increase to 940,000 and every 1% increase in annual incidence will result in
an increase of 12.6% prevalence and 1,136 000 cases.

In the United States by Boyle et al."” where if Diabetes mortality is high, then Diabetes prevalence increases
from 14% in 2010 to 21% in 2050 (increase of 50% or 1.25% per year) and to 33% in 2050 (increase of 135%) or
3.3% per year) for 40 years if mortality is low. Rowley et al.'® in the US The prevalence of Diabetes will increase
by 54% to more than 54.9 million US population between 2015 and 2030. Diabetes—related annual deaths will
rise by 38% to 385,800. Another study by Mainous et al.*! in the United States, projections of Diabetes burden
based on individual risk prevalence show that the total burden of Diabetes is estimated at 11.5% (25.4 million)
in 2011, 13.5% (32.6 million) in 2021, and 14.5% (37.7 million) in 2031 or an increase of 26% over 20 years with
an average increase of 1.3% per year. Wild et al.>* projected that diabetes prevalence is estimated at 2.8% in 2000
and increases to 4.4% by 2030 worldwide, or an increase of 57.1% from the prevalence over 30 years, with an
average of 1.9% increase per year. The number of people with diabetes in the world is expected to increase from
171 million cases in 2000 to 366 million cases in 2030.

Based on the scenarios, the results of this study show that the prevalence of Diabetes by 2045 was 16.09% and
can be reduced to 15.68%, or reduced by 5.54%, if program intervention namely increase of the coverage of vil-
lages with Posbindu and SPM of Diabetes services to 100%. This figure can be lowered again to 9.22% or reduced
by 42.69% if the program intervention is added with prevention of risk factors (overweight, obesity, central obesity
and consumption of fatty foods). These results show that existing program interventions (Posbindu village and
SPM of Diabetes services play a role in reducing the prevalence of Diabetes but not so large. The reduction will

Scientific Reports |

(2024) 14:5424 | https://doi.org/10.1038/s41598-024-54563-2 nature portfolio



www.nature.com/scientificreports/

Number of diabetes cases projection
No Province 2020 2025 2030 2035 2040 2045
1 Aceh 172,452 223,209 278,735 340,801 403,029 468,679
2 North Sumatera 506,157 636,930 768,266 905,735 1,054,366 1,164,707
3 West Sumatera 180,953 231,161 285,439 350,106 410,763 472,642
4 Riau 226,867 309,684 402,291 499,092 598,498 709,915
5 Jambi 97,896 124,908 154,985 184,503 218,911 257,675
6 South Sumatera 248,005 331,090 423,643 524,236 633,603 739,840
7 Bengkulu 57,541 74,155 87,882 104,651 123,227 147,175
8 Lampung 227,133 294,528 367,140 438,556 515,180 575,134
9 Bangka Belitung 57,054 70,478 86,212 102,106 116,404 133,474
10 Riau Island 87,053 117,005 152,073 194,364 243,170 297,794
11 Jakarta 627,877 731,300 846,498 937,039 1,036,741 1,123,063
12 West Java 1,891,709 2,278,256 2,657,246 3,061,942 3,463,348 3,846,293
13 Central Java 1,300,819 1,574,364 1,822,667 2,093,407 2,317,465 2,545,369
14 Yogyakarta 211,074 255,811 304,754 358,151 424,391 491,783
15 East Java 1,707,911 2,021,528 2,298,792 2,558,531 2,836,098 3,102,745
16 Banten 498,217 594,205 737,901 846,616 974,174 1,094,134
17 Bali 190,611 243,791 293,444 351,371 399,912 465,974
18 West Nusa Tenggara | 134,328 164,161 214,101 256,789 313,662 361,531
19 East Nusa Tenggara 80,984 114,660 147,138 177,963 220,644 254,360
20 West Kalimantan 147,637 190,980 226,268 277,725 334,247 379,517
21 Central Kalimantan 80,222 99,635 121,140 144,825 167,201 187,099
22 South Kalimantan 150,011 186,811 224,565 265,180 305,684 343,101
23 East Kalimantan 183,540 218,933 258,704 303,522 344,498 386,903
24 North Kalimantan 40,077 46,223 53,690 60,244 66,251 74,044
25 North Sulawesi 109,696 127,309 143,976 155,365 174,275 187,540
26 Central Sulawesi 110,522 134,511 153,622 180,478 207,146 238,781
27 South Sulawesi 311,368 404,283 486,021 589,376 674,525 767,233
28 Southeast Sulawesi 85,066 108,528 134,398 165,900 198,044 230,572
29 Gorontalo 50,822 62,035 68,036 79,891 89,322 97,604
30 West Sulawesi 39,627 54,302 69,947 88,001 106,579 124,855
31 Maluku 54,481 68,997 85,466 102,228 119,809 137,921
32 North Maluku 42,875 49,239 62,267 73,121 81,782 94,949
33 West Papua 33,730 42,773 54,026 67,386 78,525 94,705
34 Papua 101,995 120,282 139,738 162,323 184,889 197,130
Indonesia 10,028,638 | 12,331,842 | 14,557,158 | 17,087,133 | 19,551,483 | 21,836,747

Table 3. Projection of neuropathy due to diabetes in Indonesia, 2020-2045, by province.

be much greater if prevention of the main risk factors for Diabetes are overweight, obesity, central obesity, and
consumption of fatty foods.

To reduce Diabetes cases, efforts are needed to control risk factors that positively affect Diabetes projections,
namely overweight, obesity, central obesity, and consumption of fatty foods. These control efforts are carried out
through increasing education, physical activity, and efforts to change the pattern of consumption of fatty foods
into healthy foods (enough fruits and vegetables). Efforts to halt the prevalence rate of these four risk factors
can be made through a combination of physical activity and a healthy diet. Intervention targets need to be more
specific to at-risk populations. Research by Gregg et al.** in the United States, shows that by 2030 it is projected
that 4.6 million incidences and 3.6 million cases of Diabetes prevalence or reducing the prevalence rate by 14%
can be prevented by a combination of prevention strategies. This prevention strategy is developed with structured
lifestyle interventions for high-risk (pre-diabetic), moderate-risk, and general populations.

The Ministry of Health of Indonesia needs to make policies and programs to prevent risk factors. The program
can be through educational efforts through the Healthy Living Community Movement (GERMAS) and healthy
behavior in the community. It is necessary to increase 100% Village with Posbindu. In addition, the achievement
of Diabetes health service SPM becomes 100% every year. National Planning Bureau needs to include efforts to
control Diabetes risk factors, especially overweight, obesity, central obesity, and unhealthy consumption patterns
in health program plans in Indonesia and provide sufficient budget related to Posbindu and Diabetes health
service SPM.

The results showed that the projected number of deaths due to Diabetes in Indonesia increased from 433,752
deaths in 2020 to 944,468 in 2045. Stroke deaths in Diabetes increased from 52,397 in 2020 to 114,092 in 2045.
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Number of diabetes cases projection
No Province 2020 2025 2030 2035 2040 2045
1 Aceh 98,700 127,750 159,529 195,052 230,667 268,241
2 North Sumatera 289,691 364,537 439,705 518,383 603,450 666,602
3 West Sumatera 103,566 132,301 163,367 200,377 235,094 270,509
4 Riau 129,844 177,243 230,245 285,648 342,541 406,309
5 Jambi 56,029 71,489 88,703 105,597 125,290 147,476
6 South Sumatera 141,942 189,494 242,465 300,038 362,633 423,436
7 Bengkulu 32,932 42,442 50,298 59,895 70,527 84,233
8 Lampung 129,996 168,569 210,127 251,001 294,855 329,169
9 Bangka Belitung 32,654 40,337 49,342 58,439 66,622 76,392
10 Riau Island 49,823 66,966 87,037 111,241 139,174 170,437
11 Jakarta 359,356 418,548 484,480 536,299 593,362 642,767
12 West Java 1,082,690 | 1,303,923 | 1,520,832| 1,752,454 1,982,192 2,201,365
13 Central Java 744,503 901,062 1,043,174 1,198,128 1,326,364 1,456,802
14 Yogyakarta 120,805 146,409 174,421 204,982 242,893 281,464
15 East Java 977,496 1,156,990 | 1,315,677 | 1,464,335 1,623,196 1,775,807
16 Banten 285,147 340,084 422,326 484,547 557,553 626,210
17 Bali 109,093 139,530 167,948 201,101 228,883 266,693
18 West Nusa Tenggara 76,880 93,955 122,537 146,969 179,519 206,916
19 East Nusa Tenggara 46,350 65,624 84,212 101,854 126,282 145,579
20 West Kalimantan 84,498 109,304 129,501 158,951 191,301 217,210
21 Central Kalimantan 45,914 57,024 69,333 82,888 95,695 107,083
22 South Kalimantan 85,856 106,919 128,526 151,771 174,953 196,368
23 East Kalimantan 105,046 125,303 148,065 173,716 197,168 221,438
24 North Kalimantan 22,938 26,455 30,729 34,480 37,918 42,378
25 North Sulawesi 62,783 72,863 82,402 88,921 99,744 107,335
26 Central Sulawesi 63,255 76,985 87,923 103,294 118,557 136,663
27 South Sulawesi 178,206 231,385 278,166 337,320 386,054 439,113
28 Southeast Sulawesi 48,686 62,114 76,920 94,950 113,347 131,964
29 Gorontalo 29,087 35,505 38,939 45,725 51,122 55,862
30 West Sulawesi 22,680 31,079 40,033 50,366 60,999 71,459
31 Maluku 31,182 39,490 48,915 58,509 68,571 78,937
32 North Maluku 24,539 28,181 35,637 41,850 46,807 54,343
33 West Papua 19,305 24,481 30,921 38,567 44,942 54,203
34 Papua 58,375 68,842 79,977 92,903 105,818 112,824
Indonesia 5,739,732 7,057,933 | 8,331,558 | 9,779,549 | 11,189,980 | 12,497,915

Table 4. Projection of retinopathy due to diabetes in Indonesia, 2020-2045, by province.

Deaths from IHD in Diabetes increased from 35,351 in 2020 to 76,974 in 2045. Meanwhile, deaths from chronic
kidney disease in Diabetes increased from 29,061 in 2020 to 63,279 in 2045. The number of deaths from Diabetes
and its complications increased by 117% over 25 years or an average of 4.7% per year.

These results indicate that Diabetes is one of the highest causes of death in Indonesia. Based on data from
the Institute of Health Metric and Evaluation, deaths from Diabetes in Indonesia in 2019 amounted to 40.98
per 100,000 population or 106,333 deaths. It has the largest increase of all other causes of death for 128.7% from
1990'. Meanwhile, based on data from the 2015 Sample Registration System, Diabetes is the third highest cause
of death in Indonesia after stroke and ischemic heart disease with a proportion of 7.8%>*, an increase from 5.7%
in 20072

In Singapore, research by Tan et al.'” shows that Diabetes complications in 2050 in the form of acute myocar-
dial infarction will increase from 9300 deaths (2019) to 16,400 (2050), the number of stroke increase from 7300
to 12,800, the number of end-stage kidney disease from 1700 to 2700. This number increased by an average of
76.3% over 30 years. In Thailand, Mahikul et al.?® in their study predicted death in undiagnosed Diabetes 10 times
greater than undiagnosed Diabetes. The positive screening rate decreased mortality in women aged 15-34 years
at 10 years. This indicates the importance of blood sugar screening so that people can be aware of the dangers
of diabetes and can make prevention and control efforts independently. Research by Foreman et al.** shows that
deaths from Diabetes in the world amounted to 1,437,000 in 2016 to 2,971,000 in 2040, or an increase of 106.7%
over 24 years, with an average increase of 4.4% per year. Deaths from Diabetes -related kidney disease in the
world 500,000 in 2016 to 1380 in 2040. Stroke deaths in the world were 5,528,000 in 2016 to 5973 in 2040. The
number of ischemic heart disease deaths worldwide was 9,480,000 in 2016 to 10,872,000 in 2040.
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Figure 2. Projection of diabetes prevalence in Indonesia in three scenarios, 2020-2045.
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Figure 3. Projection of diabetes cases in Indonesia in three scenarios, 2020-2045.

Deaths from Diabetes and its complications need to be suppressed with appropriate primary, secondary, and
tertiary prevention. Ministry of Health to improve such prevention adequately. On primary prevention to prevent
complications in people with diabetes through diet modification and a healthy lifestyle. In secondary preven-
tion, treatment of Diabetes and its complications needs to be provided to all patients using the latest technology.
Increased achievement of SPM of Diabetes Health services. In tertiary prevention, rehabilitation for advanced
cases such as diabetic foot care needs to be expanded, including home care services.
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Projection of number of deaths due to diabetes

No Province 2020 2025 2030 2035 2040 2045
1 Aceh 7459 9654 12,056 14,740 17,432 20,271
2 North Sumatera 21,892 27,548 33,228 39,174 45,603 50,375
3 West Sumatera 7826 9998 12,346 15,143 17,766 20,442
4 Riau 9812 13,394 17,400 21,586 25,886 30,705
5 Jambi 4234 5402 6703 7980 9468 11,145
6 South Sumatera 10,727 14,320 18,323 22,674 27,404 31,999
7 Bengkulu 2489 3207 3801 4526 5330 6365
8 Lampung 9824 12,739 15,879 18,968 22,282 24,875
9 Bangka Belitung 2468 3048 3729 4416 5035 5773
10 Riau Island 3765 5061 6577 8406 10,517 12,880
11 Jakarta 27,157 31,630 36,612 40,528 44,840 48,574
12 West Java 81,819 98,538 | 114,929 | 132,433 | 149,794 | 166,357
13 Central Java 56,262 68,093 78,833 90,543 | 100,233 | 110,091
14 Yogyakarta 9,129 11,064 13,181 15,490 18,355 21,270
15 East Java 73,869 87,434 99,426 | 110,660 | 122,665 | 134,198
16 Banten 21,549 25,700 31,915 36,617 42,134 47,323
17 Bali 8244 10,544 12,692 15,197 17,297 20,154
18 West Nusa Tenggara 5810 7100 9260 11,106 13,566 15,637
19 East Nusa Tenggara 3503 4959 6364 7697 9543 11,001
20 West Kalimantan 6386 8260 9786 12,012 14,457 16,415
21 Central Kalimantan 3470 4309 5239 6264 7232 8092
22 South Kalimantan 6488 8080 9713 11,469 13,221 14,840
23 East Kalimantan 7938 9469 11,189 13,128 14,900 16,734
24 North Kalimantan 1733 1999 2322 2606 2865 3202
25 North Sulawesi 4745 5506 6227 6720 7538 8111
26 Central Sulawesi 4780 5818 6644 7806 8959 10,328
27 South Sulawesi 13,467 17,486 21,021 25,491 29,174 33,184
28 Southeast Sulawesi 3679 4694 5813 7175 8566 9973
29 Gorontalo 2198 2683 2943 3455 3863 4221
30 West Sulawesi 1714 2349 3025 3806 4610 5400
31 Maluku 2356 2984 3697 4422 5182 5965
32 North Maluku 1854 2130 2693 3163 3537 4107
33 West Papua 1459 1850 2337 2915 3396 4096
34 Papua 4411 5202 6044 7021 7997 8526

Indonesia 433,752 | 533,368 | 629,616 | 739,041 |845,627 |944,468

Table 5. Projection of deaths due to diabetes in Indonesia, 2020-2045.
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Projection of number of deaths

No | Province 2020 2025 2030 2035 2040 2045

1 Aceh 901 1166 1456 1781 2106 2449
2 North Sumatera 2645 3328 4014 4732 5509 6085
3 West Sumatera 945 1208 1491 1829 2146 2469
4 Riau 1185 1618 2102 2608 3127 3709
5 Jambi 511 653 810 964 1144 1346
6 South Sumatera 1296 1730 2213 2739 3310 3865
7 Bengkulu 301 387 459 547 644 769

8 Lampung 1187 1539 1918 2291 2692 3005
9 Bangka Belitung 298 368 450 533 608 697

10 Riau Island 455 611 795 1016 1271 1556
11 Jakarta 3281 3821 4423 4896 5417 5868
12 West Java 9884 11,903 | 13,883 |15998 |18,095 | 20,096
13 Central Java 6796 8226 9523 10,938 | 12,108 13,299
14 Yogyakarta 1103 1337 1592 1871 2217 2569
15 East Java 8923 10,562 | 12,011 | 13,368 | 14,818 16,211
16 Banten 2603 3,105 3855 4423 5090 5717
17 Bali 996 1,274 1533 1836 2089 2435
18 West Nusa Tenggara | 702 858 1119 1342 1639 1889
19 East Nusa Tenggara | 423 599 769 930 1153 1329
20 West Kalimantan 771 998 1182 1451 1746 1983
21 Central Kalimantan | 419 521 633 757 874 978

22 South Kalimantan 784 976 1173 1385 1597 1793
23 East Kalimantan 959 1144 1352 1586 1800 2021
24 North Kalimantan 209 242 281 315 346 387
25 North Sulawesi 573 665 752 812 911 980
26 Central Sulawesi 577 703 803 943 1082 1248
27 South Sulawesi 1627 2112 2539 3079 3524 4009
28 Southeast Sulawesi 444 567 702 867 1035 1205
29 Gorontalo 266 324 355 417 467 510

30 West Sulawesi 207 284 365 460 557 652
31 Maluku 285 360 447 534 626 721

32 North Maluku 224 257 325 382 427 496
33 West Papua 176 223 282 352 410 495
34 Papua 533 628 730 848 966 1030

Indonesia 52,397 | 64,431 |76,058 |89,276 |102,152 |114,092

Table 6. Projection of deaths due to stroke among Diabetes cases in Indonesia, 2020-2045.

To reduce the fatality of diabetes due to its complications such as Stroke, Ischemic heart disease, Chronic kid-
ney disease and immediate fatality due to Diabetic Ketoacidosis, interventions of the disease should be enhanced
across the regions in Indonesia. Chronic disease management program (Prolanis), number of primary health
care facilities providing optimal diabetes services (NCD integrated services), and the participation of healthy
life movement (GERMAS) should be strengthened. Meanwhile, achievement of blood glucose targets under
Prolanis and the percentage of diabetic patients receiving scheduled screenings and counselling with specialists
should be increased.

This study has several limitations in terms of quality and representation of research data. This is due to
inconsistent data, missing data, and program coverage data exceeding 100%. For inconsistent data, projections
use their mean and standard deviation. For data that exceeds the target of 100%, the data is fulfilled to a maxi-
mum of 100%. There are 3.3-34.6% missing data that can reduce data quality in making projections. For these
circumstances, the data is filled in using the average province of the district so that the data does not deviate
from the actual condition.

Data representation for village with Posbindu, Pandu, and SPM of Diabetes services, and SPM of screening are
routine data that is inputted by district government which tends to overestimate, because there is no individual
data. However, this data is an official release from the Ministry of Health so it can still be used. The data analyzed
in this study is aggregate data at the district level (205 districts/cities out of 514 districts/cities) to estimate the
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Projection of number of deaths

No | Province 2020 2025 2030 2035 2040 2045
1 Aceh 608 787 983 1201 1421 1652
2 North Sumatera 1784 2245 2708 3193 3717 4106
3 West Sumatera 638 815 1006 1234 1448 1666
4 Riau 800 1,092 1418 1759 2110 2502
5 Jambi 345 440 546 650 772 908
6 South Sumatera 874 1,167 1493 1848 2233 2608
7 Bengkulu 203 261 310 369 434 519
8 Lampung 801 1,038 1294 1546 1816 2027
9 Bangka Belitung Island | 201 248 304 360 410 470
10 Riau Island 307 412 536 685 857 1050
11 Jakarta 2213 2578 2984 3303 3654 3959
12 West Java 6668 8031 9367 10,793 | 12,208 | 13,558
13 Central Java 4585 5550 6425 7379 8169 8972
14 Yogyakarta 744 902 1074 1262 1496 1734
15 East Java 6020 7126 8103 9019 9997 10,937
16 Banten 1756 2095 2601 2984 3434 3857
17 Bali 672 859 1034 1239 1410 1643
18 West Nusa Tenggara 474 579 755 905 1106 1274
19 East Nusa Tenggara 285 404 519 627 778 897
20 West Kalimantan 520 673 798 979 1178 1338
21 Central Kalimantan 283 351 427 511 589 660
22 South Kalimantan 529 659 792 935 1078 1209
23 East Kalimantan 647 772 912 1070 1214 1364
24 North Kalimantan 141 163 189 212 234 261
25 North Sulawesi 387 449 508 548 614 661
26 Central Sulawesi 390 474 542 636 730 842
27 South Sulawesi 1098 1425 1713 2078 2378 2704
28 Southeast Sulawesi 300 383 474 585 698 813
29 Gorontalo 179 219 240 282 315 344
30 West Sulawesi 140 191 247 310 376 440
31 Maluku 192 243 301 360 422 486
32 North Maluku 151 174 219 258 288 335
33 West Papua 119 151 190 238 277 334
34 Papua 360 424 493 572 652 695

Indonesia 35,351 | 43,470 |51,314 |60,232 |68,919 |76,974

Table 7. Projection of deaths due to ischemic heart disease among diabetes cases in Indonesia, 2020-2045.

burden of Diabetes at the district, provincial, and national levels. This can cause actual projections to vary more
than the results of this study because not all district data are analyzed in the preparation of the model. However,
with a provincial MAPE value of 13% that is good at making projections at the provincial level and MAPE at the
district / city level, the projection is still quite feasible to estimate conditions in the district/city.

Conclusion

Diabetes morbidity and mortality in Indonesia is projected to rise significantly in Indonesia from 2020 to 2045.
The prevalence increases 75.1% over 25 years, with an average of 3% from prevalence per year. The number of
deaths from Diabetes and its complications increased by 117% over 25 years or an average of 4.7% per year.
Morbidity and mortality can be reduced by intervention of several programs (Village with NCD Post/Posbindu,
standard service of diabetes) and risk factors control (overweight, obesity, central obesity, and fatty food con-
sumption). It is recommended to Ministry of Health and health policy makers to use this study result as source
of planning and evaluation of diabetes prevention and control program. I need to strengthen the program of
risk factor monitoring trough Posbindu, achieve target of minimum standard services of diabetes, and increase
healthy lifestyle including physical activity and healthy diet to control overweight and obesity.
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Projection of number of deaths
No | Province 2020 2025 2030 2035 2040 2045
1 Aceh 500 647 808 988 1168 1358
2 North Sumatera 1467 1846 2226 2625 3055 3375
3 West Sumatera 524 670 827 1015 1190 1370
4 Riau 657 897 1166 1446 1734 2057
5 Jambi 284 362 449 535 634 747
6 South Sumatera 719 959 1228 1519 1836 2144
7 Bengkulu 167 215 255 303 357 426
8 Lampung 658 853 1064 1271 1493 1667
9 Bangka Belitung Island | 165 204 250 296 337 387
10 Riau Island 252 339 441 563 705 863
11 Jakarta 1819 2119 2453 2715 3004 3254
12 West Java 5482 6602 7700 8873 10,036 | 11,146
13 Central Java 3770 4562 5282 6066 6716 7376
14 Yogyakarta 612 741 883 1038 1230 1425
15 East Java 4949 5858 6662 7414 8219 8991
16 Banten 1444 1722 2138 2453 2823 3171
17 Bali 552 706 850 1018 1159 1350
18 West Nusa Tenggara 389 476 620 744 909 1048
19 East Nusa Tenggara 235 332 426 516 639 737
20 West Kalimantan 428 553 656 805 969 1100
21 Central Kalimantan 232 289 351 420 485 542
22 South Kalimantan 435 541 651 768 886 994
23 East Kalimantan 532 634 750 880 998 1121
24 North Kalimantan 116 134 156 175 192 215
25 North Sulawesi 318 369 417 450 505 543
26 Central Sulawesi 320 390 445 523 600 692
27 South Sulawesi 902 1172 1408 1708 1955 2223
28 Southeast Sulawesi 247 314 389 481 574 668
29 Gorontalo 147 180 197 232 259 283
30 West Sulawesi 115 157 203 255 309 362
31 Maluku 158 200 248 296 347 400
32 North Maluku 124 143 180 212 237 275
33 West Papua 98 124 157 195 228 274
34 Papua 296 349 405 470 536 571
Indonesia 29,061 |35,736 |42,184 |49,516 |56,657 |63,279

Table 8. Projection of deaths due to chronic kidney disease among diabetes cases in Indonesia, 2020-2045.
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Projection of number of deaths

No | Province 2020 2025 2030 2035 2040 2045
1 Aceh 2792 3614 4513 5518 6526 7589
2 North Sumatera 8196 10,313 12,440 14,665 17,072 18,859
3 West Sumatera 2930 3743 4622 5669 6651 7653
4 Riau 3673 5014 6514 8081 9691 11,495
5 Jambi 1585 2022 2509 2987 3545 4172
6 South Sumatera 4016 5361 6860 8488 10,259 11,979
7 Bengkulu 932 1201 1423 1694 1995 2383
8 Lampung 3678 4769 5945 7101 8342 9312
9 Bangka Belitung Island | 924 1141 1396 1653 1885 2161
10 Riau Island 1410 1895 2462 3147 3937 4822
11 Jakarta 10,166 11,841 13,706 15,172 16,787 18,184
12 West Java 30,630 | 36,889 | 43,026 | 49,578 56,078 | 62,278
13 Central Java 21,063 | 25492 | 29,512 33,896 37,524 | 41,214
14 Yogyakarta 3418 4142 4935 5799 6872 7963
15 East Java 27,654 | 32,732 | 37,222 | 41,427 45,922 | 50,239
16 Banten 8067 9621 11,948 13,708 15,774 17,716
17 Bali 3086 3947 4751 5689 6475 7545
18 West Nusa Tenggara 2175 2658 3467 4158 5079 5854
19 East Nusa Tenggara 1311 1857 2382 2882 3573 4119
20 West Kalimantan 2391 3092 3664 4497 5412 6145
21 Central Kalimantan 1299 1613 1961 2345 2707 3029
22 South Kalimantan 2429 3025 3636 4294 4950 5555
23 East Kalimantan 2972 3545 4,189 4915 5578 6265
24 North Kalimantan 649 748 869 975 1073 1199
25 North Sulawesi 1776 2061 2331 2516 2822 3037
26 Central Sulawesi 1790 2178 2487 2922 3354 3866
27 South Sulawesi 5042 6546 7870 9543 10,922 12,423
28 Southeast Sulawesi 1377 1757 2176 2686 3207 3733
29 Gorontalo 823 1004 1102 1294 1446 1580
30 West Sulawesi 642 879 1133 1425 1726 2022
31 Maluku 882 1117 1384 1655 1940 2233
32 North Maluku 694 797 1008 1184 1324 1537
33 West Papua 546 693 875 1091 1271 1533
34 Papua 1651 1948 2263 2628 2994 3192

Indonesia 162,382 | 199,675 |235,707 |276,671 |316,574 |353,576

Table 9. Projection of deaths due to diabetic ketoacidosis among diabetes cases in Indonesia, 2020-2045.
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Figure 5. Projection of deaths due to diabetes in three scenarios in Indonesia, 2020-2045.
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