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Abstract

:

The prevalence of type 2 diabetes mellitus (T2DM) and the burden of complications are increasing worldwide. Chronic kidney disease (CKD) is one serious complication. Our aim was to investigate the trends and inequalities of the burden of CKD due to T2DM between 1990 and 2019. Data were obtained from the Global Health Data Exchange database. Age-standardized incidence, mortality, and DALYs rates of CKD were used to estimate the disease burden across the Human Development Index (HDI). Joinpoint regression was performed to assess changes in trend, and the Gini coefficient was used to assess health inequality. A higher incidence was observed in more developed countries (p < 0.001), while higher mortality and DALYs rates were experienced in low and middle HDI countries in 2019 (p < 0.001). The trend of incidence has increased since 1990 (AAPC: 0.9–1.5%), while slight decrease was observed in low HDI countries in mortality (APC: −0.1%) and DALYs (APC: −0.2%). The Gini coefficients of CKD incidence decreased from 0.25 in 2006 to 0.23 in 2019. The socioeconomic development was associated with disease burden. Our findings indicate that awareness of complications should be improved in countries with high incidence, and cost-effective preventive, diagnostic, and therapeutic tools are necessary to implement in less developed regions.
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1. Introduction


According to the latest estimations of the International Diabetes Federation (IDF), around 463 million 20–79 years old adults have diabetes mellitus (DM) worldwide. The burden of this disease is enormous; around 10% of global health expenditure (USD 760 billion) is spent on diabetes. As for geographic patterns, around 79% of all diabetes are from low- and middle-income countries [1]. Besides the significant increase in prevalence, the comorbidities and complications are getting higher as well.



Chronic kidney disease (CKD) is one of the most dangerous complications, and it is often asymptomatic, with rapid progression. Nephropathy is frequently associated with type 2 diabetes mellitus (T2DM), and it is considered the leading cause of both CKD and end-stage renal disease [2,3]. Additionally, the prevalence of renal failure is increasing with T2DM [4]. However, diabetic nephropathy may be underestimated as an underlying cause of renal disease because diabetes can remain undetected for many years [5]. The results of the Global Burden of Disease Study in 2017 stated that the incidence, prevalence, and mortality of CKD in T2DM patients has increased to 31.6%, 27.0%, and 34.0%, respectively [3,4]. However, the burden associated with CKD is not homogenous, as the low- and middle-income countries are disproportionately affected [6]. Therefore, the progressive rise in CKD prevalence puts a substantial burden on all, especially less developed countries with a weak healthcare system, without available and affordable care for the disease [7,8]. Besides national disparities, patients with lower socioeconomic status are more likely to experience a wide range of obstacles to diabetes treatment, such as access to healthcare services, cost, poor health, and greater disability [9,10]. Furthermore, microvascular and macrovascular diabetes complications may be more common in T2DM patients with the lowest socioeconomic status at both individual or geographical level [11].



Therefore, quantifying the number of people living with T2DM and its complications is crucial for policymakers and healthcare providers to optimally allocate limited resources, develop preventive measures, and determine the direction of public health interventions aimed at reducing disease burden.



Taking these into consideration, the aim of the study was to explore the trend and variations in incidence, mortality, and burden of chronic kidney disease caused by T2DM globally, according to the socioeconomic level between 1990 and 2019.




2. Materials and Methods


2.1. Study Design


The annual incidence, mortality, and disability-adjusted life years (DALYs) rate for chronic kidney disease due to T2DM were estimated by the Global Burden of Disease (GBD) 2019 study. We obtained the data over 1990–2019 from the publicly available Global Health Data Exchange database (http://ghdx.healthdata.org/gbd-results-tool, accessed on 13 March 2021) [12]. The GBD 2019 study provides comprehensive perspectives for the health burden of 369 diseases and injuries across 204 countries and territories, for age groups, sexes, countries, regions. The data is available on global and national levels annually between 1990 and 2019 [13].



Data from all the 204 countries were collected using the GBD 2019 database. The relevant burden of CKD was expressed in terms of incidence, mortality, and DALYs. Accordingly, the following data were collected regarding the chronic kidney disease caused by T2DM globally and at the national level: age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR), and age-standardized DALYs rate from 1990 to 2019. The rates of CKD are referring to the rate per 100,000 population. We used age-standardized rates in the analyses due to the rapid population growth and changing age composition. The DALY was used to measure the health burden of chronic kidney disease caused by T2DM, which combines the years of life lost (YLL) and years lost due to disability (YLD) [13,14]. DALYs considers both the length and quality of life and is used in many countries to inform health policies, international organizations, and health system planning. The detailed methods for calculating age-standardized incidence and mortality rates and DALYs can be found in GBD publications [15].




2.2. Socioeconomic Status


The Human Development Index (HDI) was used to point out the national socioeconomic status (SES), which is a comprehensive indicator reflecting human development in health, education, and income dimensions. The HDI is calculated based on four components: life expectancy at birth, mean years of schooling, mean and expected years of school education, and gross national income (GNI) per capita [16]. We collected HDI data for each country from the United Nations Development Programme (UNDP; http://hdr.undp.org/en/data, accessed on 13 March 2021). The HDI ranges from 0 to 1, with a higher value indicating a higher level of socioeconomic development. We categorized the countries into four groups in 2019 according to the value of HDI and based on the UNDP suggestion: very high human development (HDI ≥ 0.804), high (0.703 ≤ HDI < 0.804), medium (0.554 ≤ HDI < 0.703), and low (HDI < 0.554). The burden of CKD was compared across each group of HDI categories. We included 187 countries with available HDI data in the analyses, estimating the current disease burden across socioeconomic status in 2019.




2.3. Gini Coefficient


We used the Gini coefficient to assess the trend of CKD-associated health inequality between countries over time from 1990 to 2019. The Gini coefficient (or Gini index) was calculated based on the Lorenz curve and to measure inequalities of a nation in incidence, mortality, and DALYs rates. A Lorenz curve demonstrates the cumulative distribution of health in a nation ranked by health, and the Gini coefficient measures the deviation from an equal distribution. The coefficient ranges from 0 (perfect equality) and 1 (total inequality) [17,18]. The annual ASIR, ASMR, and age-standardized DALYs of CKD for each country were used to calculate the Gini coefficients.




2.4. Statistical Analysis


We performed a Kruskal–Wallis test to evaluate differences of age-standardized incidence, mortality, and DALYs across HDI categories, followed by a Dunn test for post hoc multiple comparisons of groups. The unit of analysis was country or territory. Linear regression analysis and scatter plots were used to investigate and show the relationship between age-standardized measures of CKD and the level of socioeconomic development. A joinpoint regression analysis was performed to detect significant changes in trends in terms of the ASIR, ASMR, and age-standardized DALYs rates during 1990–2019 [19]. The maximum number of joinpoints was set to three, and a significant change in the rates over time was assessed by the permutation test. Each p-value given by the permutation tests was estimated by Monte Carlo methods [19]. The annual percent change (APC) for the segments and average annual percent change (AAPC) as a weighted average of the APCs for the overall period were computed. The APC is used to characterize trends in rates over time by a change at a constant percentage of the previous year’s rate, while the AAPC expresses the average APCs over a period of many years. All joinpoint analyses were performed using Joinpoint Statistical Software (Joinpoint Regression Program, Version 4.8.0.1-April 2020, National Cancer Institute, Bethesda, MD, USA; Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer Institute) [20].



Statistical analyses were performed using STATA IC version 13.0 software (Stata Corp., College Station, TX, USA). The Gini coefficient values were computed using the AINEQUAL16 modules of Stata 13.0 software (Stata Corp., College Station, TX, USA). p-value < 0.05 was considered as statistically significant.





3. Results


3.1. Trends in Global Burden of CKD over Time


To describe the change in the overall burden of CKD, trends were presented from 1990 to 2019. The ASIR has increased continuously from 24.9 (95% uncertainty interval (UI): 22.6–27.4) in 1990 to 30.3 per 100,000 (95% UI: 27.6–33.1) in 2019. The ASMR has changed from 4.1 (95% UI: 3.3–4.9) to 5.2 per 100,000 (95% UI: 4.2–6.2) during the period. The trend of age-standardized DALYs was similar to the mortality trend; the rate increased to 120.2 (95% UI: 99.2–142.9) from 101.7 per 100,000 (95% UI: 82.9–120.1). Both ASMR and DALYs rates showed a slight decrease in the most recent years. (Figure 1a–c).




3.2. Current Disease Burden of CKD According to HDI


The distribution of age-standardized rates of CKD according to HDI groups in 2019 is presented in Figure 1a–c. Of the original 204 countries, the HDI data was available for 187 countries in 2019, including 33 low, 37 medium, 53 high, and 64 very high HDI countries. The age-standardized incidence, mortality, and DALYs rates of CKD varied significantly across countries with different human development levels according to the Kruskal–Wallis test (p = 0.001). According to pairwise comparison, ASIR in low HDI countries differed significantly from medium (p = 0.007), high (p < 0.001) and very high (p < 0.001) HDI countries. In the case of ASMR and age-standardized DALYs rates, only very high HDI countries showed a significant difference from low (p < 0.001), medium (p < 0.001), and high HDI countries (p < 0.001). (Figure 2a,c,e) We observed a positive relationship between the ASIR and HDI values (p < 0.001). The countries with a higher level of social development are experienced higher incidence. In contrast, negative association was determined between ASMR (p < 0.001) and DALYs rates (p < 0.001) and HDI values. (Figure 2b,d,f).




3.3. Trends in CKD Incidence, Mortality, and DALYs Rates Across HDI Groups Over Time


The joinpoint regression analysis showed a rapid, significant increasing trend in ASIR across all HDI groups. The highest increase was shown by the high HDI group during the time period (AAPC: 1.5%), and a high increase was observed in low (2015–2019, APC: 1.9%) and middle HDI (2017–2019, APC: 1.4%) countries in recent years. The trend was not homogenous in ASMR and DALYs rates across HDI categories. In the low HDI countries, the ASMR showed a quite continuous significant decrease (AAPC: −0.1%), and a similar trend was also observed in the case of DALYs rates (AAPC: −0.2%). In the middle HDI group, a declining trend was observed for the ASMR from 2014 by an average decrease of 0.2% per year and for DALYs rates from 2015 by an average decrease of 0.5% per year. In high HDI countries, the ASMR and DALYs rates also decreased from 2016 to 2019 (ASMR, APC: −0.4%; DALYs rate, APC: −0.2%). A similar pattern of change to middle and high HDI countries was observed in the most developed countries. The mortality rates (2010–2019, APC: −0.8%) and disease burden (2009–2019, APC: −0.8%) has also decreased in the last decade in very high HDI countries; however, the rate of change was greater. (Table 1).




3.4. Global Health Inequality Related to CKD


According to the Gini coefficient, unequal geographical health inequality between countries was observed. The inequality related to incidence rate increased between 1990 (0.22) and 2005 (0.25), followed by a strong decreasing trend, which was observed from 2006 (0.25) to 2019 (0.23), despite the significant decrease observed in the age-standardized incidence rate (Figure 3a). Regarding ASMR, inequality increased from a starting value of 0.37 in 1990 until 2006 (0.38), when it started to decrease, and the value of the indicator was 0.37 in the most recent year (Figure 3b). Finally, increasing health inequality disparities were observed according to CKD caused DALYs rates between countries; therefore, the inequality for DALYs continuously increased from 0.37 in 1990 to 0.38 in 2019, respectively. (Figure 3c).





4. Discussion


In this study, we investigated the trends and variations of incidence, mortality, and disease burden of chronic kidney disease due to T2DM globally. In order to provide a more detailed assessment across countries, we used age-standardized measures for national comparison, according to socioeconomic development levels expressed in HDI. The HDI, which is a standard socioeconomic indicator, summarizes the three key dimensions of human development (life expectancy at birth, mean and expected years of education, and GNI per capita) [16] and allows comparison across countries by different levels of human development. Socioeconomic indicators were also used by others to express the relationship between socioeconomic determinants and national disease burdens [21,22,23].



The results showed that socioeconomic development was associated with ASIR, ASMR, and DALYs rates. A higher incidence of CKD was concentrated in countries with a higher level of development in 2019, while lower mortality and DALYs rates were reported in more developed countries. The inequalities in deaths and disease burden can be attributed to the higher quality of healthcare resulted in better clinical outcomes in more developed countries, while in developing countries, a considerable number of patients with diabetes do not meet the treatment targets. Moreover, the high cost and non-availability of drugs and treatment and the lack of consistent guidelines for diabetes prevention and management are further challenges in many developing countries [24]. The proper diagnosis and better access to health care are reflected in higher incidence in countries with higher HDI values. Further increase in the CKD incidence is expected parallel with the diabetes incidence, as a result of western lifestyle and associated obesity in more industrialized countries [25]. The lack of appropriate diagnostic tools may lead to missed or misdiagnosed diabetes in developing countries. In addition, the preparedness of human resources is also crucial. A low level of knowledge can result in poor disease management and the occurrence of complications [26].



The results of the study also highlight that although the health inequalities of overall CKD burden has improved during the past decades, our results suggest that discrepancies in the global burden had not been eliminated yet, considering that inequality by socioeconomic status remains a public health challenge for reducing the global burden of CKD.



The ASIR has continuously increased since 1990 globally, which may be explained by better detection of diabetes and extended life expectancy. The decreasing trend of mortality and DALYs rates in recent years in the middle HDI group appeared after a rapid growth, which suggests that countries with medium socioeconomic levels have undergone social and economic transition the past few decades, which poses a challenge to the healthcare system [13].



Previous studies showed that the socioeconomic level and the regional deprivation are strongly associated with diabetes prevalence. Besides the duration of the disease, the socioeconomic level of the patients also has a significant impact on the occurrence of diabetic complications. Poor availability of healthcare services, more difficult access to healthcare resources, higher costs associated with treating diabetes complications, inadequate self-efficacy, and inability to meet HbA1c targets are common features of the more disadvantaged communities, which tend to explain the correlation between low SES and higher risk of diabetes complications. Moreover, in certain nations, the provision of health insurance is still a significant impediment to achieve improved health [11]. According to the literature, lower SES and larger economic distress have a negative impact on glycemic control as well as on kidney-related complications [11,27].



Although low SES is also associated with an increased risk of CKD independently of the presence of diabetes [28,29,30,31,32], low SES can affect the distribution of CKD in the community in a complex way. Variations in population may be due to a variety of factors as the demographic composition of the population, the existence of comorbidities (such as hypertension), health behavior, or healthcare system-related features (for example, access to care) [33].



This research also highlights the importance of preventing complications in T2DM patients. Beyond the socioeconomic factors, others, such as preventing T2DM and early medical interventions play an important role in the prevention of renal failures [2,7]. Raising awareness of maintaining a healthy lifestyle is also a critical aspect because patients from disadvantaged socioeconomic areas are less likely to practice healthy habits such as consuming fruits and vegetables regularly or quitting smoking [34].



Global concerns about the growing end-stage renal disease prevalence and the high burden of CKD around the world are attributed to the rising costs of therapies, and negative outcomes of CKD manifested in higher disease burden and mortality. Early detection and intervention services, which are considered to be the most cost-effective approaches, may help to avoid or at least prolong unfavorable health consequences of renal failures, and this requires a comprehensive knowledge of the disease burden and the associated risk factors in the population [8]. Given that the high economic costs associated with diabetes are expected to grow further, public health interventions should focus on advanced and effective approaches in the care of diabetes and its complications [24,35].



Further researches are needed to understand a broader context of determinants that are related to health burden of CKD in population. In addition, follow-up studies would allow exploring factors other than socioeconomic determinants in details that influence the development and outcome of complications in patients with T2DM.



Strengths and Limitations


A strength of this study is the provision of comprehensive population-based estimates of data on patterns and trends of burden due to T2DM caused CKD globally and according to different development categories. The study period we analyzed was long, offering a comprehensive overview about disease burden of CKD. One of the limitations of our study is that the trend observed in joinpoint regression analysis may change by parameter settings and amount of data analyzed. The unit of analysis was countries; therefore, the distribution of data can be heterogeneous within countries and territories, which is covered by the nationally aggregated data. Data may show variations in some countries and regions due to the different way of data collection, ethnicity, lifestyle or access to healthcare. The health burden may be underestimated because of the hidden morbidity of CKD and diabetes, particularly in less developed countries. The DALYs can be used to evaluate the disease burden across countries and over time, but it is calculated without taking into account the broader aspects and social impact of diseases [36]. Furthermore, the nature of CKDs is complex in terms of causes and possible clinical outcomes. Due to the aggregated dataset, relevant individual and clinical data could not be considered in our analyses, for example the onset and classification of diabetic nephropathy, data on renal function, and duration of diabetes. Nevertheless, despite these limitations, the databases and methodology used in this study were adequate enough to identify inequalities and trends regarding the global burden of CKD.





5. Conclusions


The current patterns and trends in CKD due to T2DM incidence, mortality, and DALYs rates correlated with the socioeconomic levels. Our findings highlight that physicians’ adherence to diabetes guidelines and awareness of complications should be reviewed, and if needed, improved, particularly in most developed countries where the incidence of CKD is high and increasing further. Furthermore, to avoid the premature deaths caused by CKD, policymakers should consider that reducing inequalities in the socioeconomic status can lead to a reduction in the risk of diabetes complications. As a result, there is a need for more accurate and cost-effective diagnostic tools and treatment for diabetes and its complications, especially in low- and middle-income countries where the healthcare resources are really scarce. In addition to early detection of diabetes and its complications, slowing the progression of CKD also has considerable economic benefit [8,37]. Patient education and training of medical professionals may also be considered as further inexpensive and effective ways of achieving better health outcomes.







Author Contributions


Conceptualization, N.K., A.N. and K.B.; methodology, N.K. and A.N.; formal analysis, N.K. and A.N.; data curation, N.K., A.N. and V.D.; writing—original draft preparation, N.K.; writing—review and editing, N.K., A.N., V.D. and K.B.; visualization, N.K.; supervision, K.B.; Funding acquisition, K.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Publicly available datasets were analyzed in this study. This data can be found here: http://ghdx.healthdata.org/gbd-results-tool (accessed on 28 April 2021).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



International Diabetes Federation IDF Diabetes Atlas, 9th ed.; International Diabetes Federation: Brussels, Belgium, 2019.

	



Zhang, X.-X.; Kong, J.; Yun, K. Prevalence of Diabetic Nephropathy among Patients with Type 2 Diabetes Mellitus in China: A Meta-Analysis of Observational Studies. J. Diabetes Res. 2020, 2020, e2315607. [Google Scholar] [CrossRef]

	



Ritz, E.; Rychlík, I.; Locatelli, F.; Halimi, S. End-Stage Renal Failure in Type 2 Diabetes: A Medical Catastrophe of Worldwide Dimensions. Am. J. Kidney Dis. 1999, 34, 795–808. [Google Scholar] [CrossRef]

	



Wu, A.Y.T.; Kong, N.C.T.; de Leon, F.A.; Pan, C.Y.; Tai, T.Y.; Yeung, V.T.F.; Yoo, S.J.; Rouillon, A.; Weir, M.R. An Alarmingly High Prevalence of Diabetic Nephropathy in Asian Type 2 Diabetic Patients: The MicroAlbuminuria Prevalence (MAP) Study. Diabetologia 2005, 48, 17–26. [Google Scholar] [CrossRef] [PubMed]

	



Bommer, J. Prevalence and Socio-Economic Aspects of Chronic Kidney Disease. Nephrol Dial Transpl. 2002, 17 (Suppl. 11), 8–12. [Google Scholar] [CrossRef] [PubMed]

	



Stanifer, J.W.; Muiru, A.; Jafar, T.H.; Patel, U.D. Chronic Kidney Disease in Low- and Middle-Income Countries. Nephrol. Dial. Transplant. 2016, 31, 868–874. [Google Scholar] [CrossRef] [PubMed]

	



Ameh, O.I.; Ekrikpo, U.E.; Kengne, A.-P. Preventing CKD in Low- and Middle-Income Countries: A Call for Urgent Action. Kidney Int. Rep. 2020, 5, 255–262. [Google Scholar] [CrossRef]

	



Nahas, A.M.E.; Bello, A.K. Chronic Kidney Disease: The Global Challenge. Lancet 2005, 365, 331–340. [Google Scholar] [CrossRef]

	



McCall, D.T.; Sauaia, A.; Hamman, R.F.; Reusch, J.E.; Barton, P. Are Low-Income Elderly Patients at Risk for Poor Diabetes Care? Diabetes Care 2004, 27, 1060–1065. [Google Scholar] [CrossRef]

	



Association, A.D. Standards of Medical Care in Diabetes—2017: Summary of Revisions. Diabetes Care 2017, 40, S4–S5. [Google Scholar] [CrossRef]

	



Tatulashvili, S.; Fagherazzi, G.; Dow, C.; Cohen, R.; Fosse, S.; Bihan, H. Socioeconomic Inequalities and Type 2 Diabetes Complications: A Systematic Review. Diabetes Metab. 2020, 46, 89–99. [Google Scholar] [CrossRef]

	



Global Burden of Disease Collaborative Network: Institute for Health Metrics and Evaluation (IHME) Global Health Data Exchange. Global Burden of Disease Study 2019 (GBD 2019) Results; Institute for Health Metrics and Evaluation: Seattle, WA, USA, 2019. [Google Scholar]

	



Vos, T.; Lim, S.S.; Abbafati, C.; Abbas, K.M.; Abbasi, M.; Abbasifard, M.; Abbasi-Kangevari, M.; Abbastabar, H.; Abd-Allah, F.; Abdelalim, A.; et al. Global Burden of 369 Diseases and Injuries in 204 Countries and Territories, 1990–2019: A Systematic Analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204–1222. [Google Scholar] [CrossRef]

	



Murray, C.J.L.; Aravkin, A.Y.; Zheng, P.; Abbafati, C.; Abbas, K.M.; Abbasi-Kangevari, M.; Abd-Allah, F.; Abdelalim, A.; Abdollahi, M.; Abdollahpour, I.; et al. Global Burden of 87 Risk Factors in 204 Countries and Territories, 1990–2019: A Systematic Analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1223–1249. [Google Scholar] [CrossRef]

	



World Health Organization. Department of Data and Analytics Division of Data, Analytics and Delivery for Impact WHO Methods and Data Sources for Global Burden of Disease Estimates2000–2019; WHO: Geneva, Switzerland, 2020. [Google Scholar]

	



UNDP. Human Development Report 2019: Beyond Income, beyond Averages, beyond Today: Inequalities in Human Development in the 21st Century; United Nations Development Programme: New York, NY, USA, 2019; ISBN 978-92-1-126439-5. [Google Scholar]

	



Bleichrodt, H.; van Doorslaer, E. A Welfare Economics Foundation for Health Inequality Measurement. J. Health Econ. 2006, 25, 945–957. [Google Scholar] [CrossRef]

	



Pan American Health Organization Measuring Health Inequalities: Gini Coefficient and Concentration Index. Epidemiol. Bull. 2001, 22, 3–4.

	



Kim, H.J.; Fay, M.P.; Feuer, E.J.; Midthune, D.N. Permutation Tests for Joinpoint Regression with Applications to Cancer Rates. Stat. Med. 2000, 19, 335–351. [Google Scholar] [CrossRef]

	



National Cancer Institute. Surveillance Epidemiology and End Results (SEER) Program. Methods & Tools: Joinpoint Trend Analysis; National Cancer Institute: Bethesda, MD, USA, 2020. [Google Scholar]

	



Peng, C.; Xu, X.; Chen, W.; Li, X.; Yi, X.; Ding, Y.; Yu, N.; Lu, J. Epidemiological Variations in the Global Burden of Psoriasis, an Analysis With Trends From 1990 to 2017. Front Med. 2021, 8, 585634. [Google Scholar] [CrossRef]

	



Wang, D.; Jiang, Y.; He, M.; Scheetz, J.; Wang, W. Disparities in the Global Burden of Age-Related Macular Degeneration: An Analysis of Trends from 1990 to 2015. Curr. Eye Res. 2019, 44, 657–663. [Google Scholar] [CrossRef]

	



Hu, K.; Ding, P.; Wu, Y.; Tian, W.; Pan, T.; Zhang, S. Global Patterns and Trends in the Breast Cancer Incidence and Mortality According to Sociodemographic Indices: An Observational Study Based on the Global Burden of Diseases. BMJ Open 2019, 9, e028461. [Google Scholar] [CrossRef]

	



Misra, A.; Gopalan, H.; Jayawardena, R.; Hills, A.P.; Soares, M.; Reza-Albarrán, A.A.; Ramaiya, K.L. Diabetes in Developing Countries. J. Diabetes 2019, 11, 522–539. [Google Scholar] [CrossRef]

	



van Dam, R.M. The Epidemiology of Lifestyle and Risk for Type 2 Diabetes. Eur. J. Epidemiol. 2003, 18, 1115–1125. [Google Scholar] [CrossRef]

	



Beran, D.; Yudkin, J.S.; Courten, M. de Access to Care for Patients With Insulin-Requiring Diabetes in Developing Countries: Case Studies of Mozambique and Zambia. Diabetes Care 2005, 28, 2136–2140. [Google Scholar] [CrossRef] [PubMed]

	



Wolf, G.; Busch, M.; Müller, N.; Müller, U.A. Association between Socioeconomic Status and Renal Function in a Population of German Patients with Diabetic Nephropathy Treated at a Tertiary Centre. Nephrol. Dial. Transpl. 2011, 26, 4017–4023. [Google Scholar] [CrossRef] [PubMed]

	



Byrne, C.; Nedelman, J.; Luke, R.G. Race, Socioeconomic Status, and the Development of End-Stage Renal Disease. Am. J. Kidney Dis. 1994, 23, 16–22. [Google Scholar] [CrossRef]

	



Young, E.W.; Mauger, E.A.; Jiang, K.H.; Port, F.K.; Wolfe, R.A. Socioeconomic Status and End-Stage Renal Disease in the United States. Kidney Int. 1994, 45, 907–911. [Google Scholar] [CrossRef]

	



Bello, A.K.; Peters, J.; Rigby, J.; Rahman, A.A.; El Nahas, M. Socioeconomic Status and Chronic Kidney Disease at Presentation to a Renal Service in the United Kingdom. Clin. J. Am. Soc. Nephrol. 2008, 3, 1316–1323. [Google Scholar] [CrossRef]

	



Drey, N.; Roderick, P.; Mullee, M.; Rogerson, M. A Population-Based Study of the Incidence and Outcomes of Diagnosed Chronic Kidney Disease. Am. J. Kidney Dis. 2003, 42, 677–684. [Google Scholar] [CrossRef]

	



Fored, C.M.; Ejerblad, E.; Fryzek, J.P.; Lambe, M.; Lindblad, P.; Nyrén, O.; Elinder, C.-G. Socio-Economic Status and Chronic Renal Failure: A Population-Based Case-Control Study in Sweden. Nephrol. Dial. Transpl. 2003, 18, 82–88. [Google Scholar] [CrossRef]

	



Shoham, D.A.; Vupputuri, S.; Kshirsagar, A.V. Chronic Kidney Disease and Life Course Socioeconomic Status: A Review. Adv. Chronic Kidney Dis. 2005, 12, 56–63. [Google Scholar] [CrossRef]

	



Wardle, J.; Steptoe, A. Socioeconomic Differences in Attitudes and Beliefs about Healthy Lifestyles. J. Epidemiol. Community Health 2003, 57, 440–443. [Google Scholar] [CrossRef]

	



van Dieren, S.; Beulens, J.W.J.; van der Schouw, Y.T.; Grobbee, D.E.; Neal, B. The Global Burden of Diabetes and Its Complications: An Emerging Pandemic. Eur J. Cardiovasc Prev Rehabil 2010, 17 (Suppl. 1), S3–S8. [Google Scholar] [CrossRef]

	



Lajoie, J. Understanding the Measurement of Global Burden of Disease; National Collaborating Centre for Infectious Diseases: Winnipeg, MB, Canada, 2015; ISBN 978-1-927988-10-7. [Google Scholar]

	



Trivedi, H.S.; Pang, M.M.H.; Campbell, A.; Saab, P. Slowing the Progression of Chronic Renal Failure: Economic Benefits and Patients’ Perspectives. Am. J. Kidney Dis. 2002, 39, 721–729. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 18 04723 g001 550] 





Figure 1. Time trends in (a) age-standardized incidence rates, (b) age-standardized mortality rates, and (c) age-standardized DALYs rates of CKD from 1990–2019. Dashed lines show the 95% uncertainty intervals. 
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Figure 2. Association between socioeconomic development and (a,b) ASIR, (c,d) ASMR, and (e,f) age-standardized DALYs rate of CKD in 2019. * p < 0.05. 
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Figure 3. Trends in the Gini coefficients calculated based on (a) age-standardized incidence rates, (b) age-standardized mortality rates, and (c) age-standardized DALY rates across 204 countries globally between 1990 and 2019. 
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Table 1. Age-standardized CKD incidence, mortality, and DALYs rates in 1990, 2019, and joinpoint trend analysis between 1990 and 2019 by HDI settings.
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INCIDENCE

	
Trend 1

	
Trend 2

	
Trend 3

	
Trend 4

	
1990–2019




	
Period

	
APC (%)

	
Period

	
APC (%)

	
Period

	
APC (%)

	
Period

	
APC (%)

	
AAPC (%)




	
Low HDI

	
1990–1999

	
0.5 *

	
1999–2007

	
1.5 *

	
2007–2015

	
1.0 *

	
2015–2019

	
1.9 *

	
1.1 *




	
Middle HDI

	
1990–2002

	
1.3 *

	
2002–2014

	
1.4 *

	
2014–2017

	
1.7 *

	
2017–2019

	
1.4 *

	
1.4 *




	
High HDI

	
1990–1995

	
2.2 *

	
1995–2004

	
1.8 *

	
2004–2013

	
1.3 *

	
2013–2019

	
1.1 *

	
1.5 *




	
Very high HDI

	
1990–1993

	
1.5 *

	
1993–1999

	
1.3 *

	
1999–2004

	
1.1 *

	
2004–2019

	
0.6 *

	
0.9 *




	
MORTALITY

	
Trend 1

	
Trend 2

	
Trend 3

	
Trend 4

	
1990–2019




	
Period

	
APC (%)

	
Period

	
APC (%)

	
Period

	
APC (%)

	
Period

	
APC (%)

	
AAPC (%)




	
Low HDI

	
1990–1995

	
−0.1

	
1995–1999

	
−0.4 *

	
1999–2003

	
0.0

	
2003–2019

	
−0.1 *

	
−0.1 *




	
Middle HDI

	
1990–2004

	
1.7 *

	
2004–2010

	
0.2 *

	
2010–2014

	
0.6 *

	
2014–2019

	
−0.2 *

	
0.9 *




	
High HDI

	
1990–1994

	
0.9 *

	
1994–2002

	
1.6 *

	
2002–2016

	
0.5 *

	
2016–2019

	
−0.4

	
0.8 *




	
Very high HDI

	
1990–1995

	
0.5

	
1995–2006

	
1.5 *

	
2006–2010

	
0.0

	
2010–2019

	
−0.8 *

	
0.4 *




	
DALYs

	
Trend 1

	
Trend 2

	
Trend 3

	
Trend 4

	
1990–2019




	
Period

	
APC (%)

	
Period

	
APC (%)

	
Period

	
APC (%)

	
Period

	
APC (%)

	
AAPC (%)




	
Low HDI

	
1990–1995

	
−0.1

	
1995–2000

	
−0.5 *

	
2000–2003

	
0.1

	
2003–2019

	
−0.1 *

	
−0.2 *




	
Middle HDI

	
1990–2004

	
1.5 *

	
2004–2010

	
0.1

	
2010–2015

	
0.5 *

	
2015–2019

	
−0.5 *

	
0.7 *




	
High HDI

	
1990–1992

	
0.8

	
1992–2002

	
1.4 *

	
2002–2016

	
0.4 *

	
2016–2019

	
−0.2

	
0.7 *




	
Very high HDI

	
1990–1994

	
0.4

	
1994–2006

	
1.2 *

	
2006–2009

	
0.0

	
2009–2019

	
−0.8 *

	
0.3 *








* p < 0.05. Abbreviations: Human Development Index (HDI), annual percent change (APC), average annual percent change (AAPC).
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