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Background

This study investigates the burden of chronic kidney disease attributed to type 2 diabetes (CKD-T2D) across different geographical locations and time periods from 1990 to 2019. A total of 204 countries and regions are included in the analysis, with consideration given to their socio-demographic indexes (SDI). The aim is to examine both spatial and temporal variations in CKD-T2D burden.





Methods

This research utilized data from the 2019 Global Burden of Diseases Study to evaluate the age-standardized incidence rates (ASIR), Disability-Adjusted Life Years (DALYs), and Estimated Annual Percentage Change (EAPC) associated with CKD-T2D.





Results

Since 1990, there has been a noticeable increase of CKD age-standardized rates due to T2D, with an EAPCs of 0.65 (95% confidence interval [CI]: 0.63 to 0.66) for ASIR and an EAPC of 0.92 (95% CI: 0.8 to 1.05) for age-standardized DALYs rate. Among these regions, Andean Latin America showed a significant increase in CKD-T2D incidence [EAPC: 2.23 (95% CI: 2.11 to 2.34) and North America showed a significant increase in CKD-T2D DALYs [EAPC: 2.73 (95% CI: 2.39 to 3.07)]. The burden was higher in male and increased across all age groups, peaking at 60-79 years. Furthermore, there was a clear correlation between SDI and age-standardized rates, with regions categorized as middle SDI and High SDI experiencing a significant rise in burden.





Conclusion

The global burden of CKD-T2D has significantly risen since 1990, especially among males aged 60-79 years and in regions with middle SDI. It is imperative to implement strategic interventions to effectively address this escalating health challenge.
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1 Introduction

Chronic kidney disease (CKD)-Type 2 Diabetes (T2D) is a common chronic complication resulting from diabetes mellitus, characterized by alternating or sustained albuminuria and/or a progressive decline in glomerular filtration rate. In the absence of comprehensive treatment approaches, CKD-T2D frequently progresses to End-Stage Renal Disease (ESRD) (1). Importantly, older adults with T2D, especially those who have had the disease for ten years or more, have a higher likelihood of developing CKD compared to non-diabetic individuals (2). With an aging population, increased life expectancy, and changing lifestyle patterns, the CKD-T2D is rising, contributing significantly to the global increase in ESRD (3).

Research has indicated that obesity, hypertension, and being male are key risk factors for the onset and advancement of CKD-T2D (4, 5). Furthermore, the occurrence and fatality rates of CKD resulting from diabetes are closely linked to socio-economic, cultural, and healthcare management factors at the national level, as well as the age of the patient (3, 6). Several studies have examined the global and regional patterns of CKD, including its incidence, incidence, and mortality, and have noted variations based on sex and age groups (7). For instance, Pan and Liu et al. conducted a study on the incidence of diabetes and CKD in China (8), while another study focused on mortality and trends in diabetes cases among individuals under the age of 25 (9). However, there is still a lack of research on the epidemiological aspects of CKD-T2D on a global and regional scale, across all age groups.

Given the lengthy evolution of diabetes mellitus into CKD-T2D and the need for long-term interventions to effectively manage CKD-T2D, it is imperative to prioritize early prevention, timely detection, and prompt intervention. In light of the consequences of CKD associated with T2D, our study utilizes age-standardized rates (ASRs) to quantify its incidence and disability trends. These include the age-standardized incidence rate (ASIR) and the age-standardized disability-adjusted life year (DALY) rate. Understanding the global impact of CKD-T2D across all age groups is crucial for devising strategies to prevent and ultimately reduce its incidence.

This study aims to analyze the global burden of CKD-T2D in individuals across all age groups. The data from the Global Burden of Disease (GBD2019) study is examined to accomplish this objective. The analysis encompasses the observation of disease trends over the period from 1990 to 2019, the identification of disparities between different countries and regions, and the evaluation of variations by age.




2 Method



2.1 Data source and measures of burden

The Global Burden of Disease (GBD) 2019 is a comprehensive international initiative that provides estimates on the impact of 369 diseases and injuries across 204 countries and territories from 1990 to 2019 (10). To gather data for each specific disease or injury, the GBD utilizes a wide range of sources including 7,333 national and 24,657 sub-national vital registration systems, 16,984 scholarly publications, and 1,654 household surveys, as well as other relevant sources such as population censuses, healthcare usage records, and satellite imagery (10). This study is updated annually to incorporate refinements to the range of diseases, data sources, and methodologies. These updates aim to accurately capture yearly variations in the same diseases and injuries, stratified by age, sex, country, and region, using standard epidemiological and health metrics such as incidence, prevalence, mortality rates, and DALYs (10).

DALYs, a crucial metric in epidemiological research, quantify the overall burden of disease by measuring the total years of healthy life lost from disease onset to death. This measurement encompasses both years lost due to premature mortality and years lost due to disability, and can be expressed as either a numerical count or a rate (11). This study is based on a publicly available database and does not require ethical approval.




2.2 Clinical criteria

This study focuses on CKD-T2D, which is classified under ICD-10 codes E11.2 to E11.29 and under ICD-9 codes 250.40 and 250.42. According to the 2019 Global Burden of Disease Study guidelines, diabetes is defined as a fasting blood glucose level equal to or greater than 126 mg/dL (7 mmol/L) or through reported diabetes treatment. CKD-T2D, a subtype of chronic kidney disease caused by Type 2 Diabetes, is characterized by a duration exceeding three months. It is primarily identified through a urinary albumin/creatinine ratio exceeding 30 mg/g and/or an estimated glomerular filtration rate below 60 mL/min per 1.73 m² (12).




2.3 Estimation of attributable risk factors for CKD-T2D

The GBD 2019 study estimated the disease burden attributable to 87 risk (or risk cluster) factors at the global, regional, and national levels. Population Attributable Fractions (PAF) are employed to assess the contribution of specific risk factors to disease or mortality within an entire population, as well as the proportion by which disease incidence or mortality can be reduced if the population were at the theoretical minimum risk exposure level. The product of PAF with the disease’s DALYs and deaths represents the DALYs and deaths attributed to that risk factor. The attributed standardized rates were used to measure the attributable disease burden of global CKD risk factors.

	

where a is the age group, s is the sex, l is the location, and y is the year; PAFasly is the PAF for the burden of diseases due to T2D; RR is the relative risks between exposure level x (from 1 to k) of T2D and the burden of CKD; and P is the proportion of the population exposed to T2D.




2.4 Statistical analysis

The Global Burden of Disease studies examine the impact of 329 diseases across 204 countries and territories. These countries are divided into 21 clusters based on epidemiological and geographical factors (13). For our research, we used the Socio-Demographic Index (SDI) to categorize countries. The SDI combines various factors such as per capita income, educational attainment, and fertility rates among women under 25 years old. The index ranges from 0, representing lower income, education, and higher fertility rates, to 1, indicating higher income, education, and lower fertility rates (14). Based on the SDI, countries were classified into five tiers: low (below 0.46), low-middle (0.46–0.60), middle (0.61–0.69), high-middle (0.70–0.81), and high (above 0.81).

Using global standard population data from the GBD 2019 study, Age-Standardized Rates (ASRs) for incidence and DALY (per 100,000 population), along with their 95% Uncertainty Intervals (UIs), were calculated using the direct standardization method. To examine the temporal trends in CKD-T2D incidence and DALY rates from 1990 to 2019 globally, Estimated Annual Percent Changes (EAPCs) and their 95% Confidence Intervals (CIs) were computed. EAPC is a commonly used measure to assess rate trends over specified time periods. It was determined by fitting a regression line to the natural logarithm of the rates (y = α + βx + ϵ), where y represents the natural logarithm of the rate and x represents the calendar year. The EAPC calculation involved multiplying 100 by (exp[β]−1), and its 95% UI was obtained using linear regression modeling (15). All statistical analyses were performed using R software (version 4.2.1), and a P-value less than 0.05 was considered statistically significant.





3 Result



3.1 Global trends and burden of CKD-T2D

The incidence of CKD-T2D was 2,501,248 thousand cases, corresponding to an age-standardized incidence rates (ASIR) of 30.29 per 100,000 population, representing a 21.8% increase since 1990. The number of DALYs attributed to CKD-T2D was 9,870.4 thousand, with an age-standardized rate of 120.2 per 100,000 population, demonstrating an 18.2% increase since 1990 (Figure 1, Tables 1, 2). The mortality rate of CKD-T2D showed an upward trend with age, reaching its peak in the 60-79 age group and declining thereafter (Figure 2B). The highest incidence rate was observed in the same age group (Figure 2B). From 1990 to 2019, both the global age-standardized DALY rate and ASIR of CKD-T2D experienced a slight increase, with EAPCs of 0.65 (95%CI: 0.63 to 0.66) for the ASIR and 0.75 (95%CI: 0.63 to 0.87) for the age-standardized DALY rate, respectively (Tables 1, 2, Figures 1, 3).




Figure 1 | The ASRs of Global Burden of Chronic kidney disease attributed to type 2 diabetes mellitus by region: age-standardized DALY rate and ASIR in 2019. (A) ASIR, (B) Age-Standardized DALY Rate; ASRs, age-standardized rates; ASIR, age-standardized Incidence rate; DALY, disability adjusted life-year.




Table 1 | Incidence of chronic kidney disease attributed to type 2 diabetes mellitus in 1990 and 2019 for both sexes and all regions.




Table 2 | DALYs of chronic kidney disease attributed to type 2 diabetes mellitus in 1990 and 2019 for both sexes and all regions.






Figure 2 | Global Heatmap of Chronic kidney disease attributed to type 2 diabetes mellitus 2019 by Country and Age Group: (A) Age-Standardized DALY Rate, (B) ASIR. DALY, Disability-Adjusted Life-Year; ASIR, Age-Standardized Incidence Rate.






Figure 3 | Trends in EAPCs of Chronic kidney disease attributed to type 2 diabetes mellitus by region: age-standardized DALY Rate and ASIR, 1990-2019. (A) ASIR, (B) Age-Standardized DALY Rate. EAPCs, Estimated Annual Percentage Changes; DALY, disability-adjusted life-year.






3.2 Regional and national levels of CKD-T2D

In 2019, the regions with the highest ASIR of CKD-T2D were North Africa and the Middle East, reporting a rate of 61.33 per 100,000 people (95% UI: 55.98 to 67.44). This was followed by Central Latin America with a rate of 53.46 per 100,000 (95% UI: 49.17 to 58.15), and Southern Latin America with a rate of 38.54 per 100,000 (95% UI: 34.99 to 42.37). Notably, Andean Latin America experienced a substantial increase in ASIR of CKD-T2D, with an estimated annual percentage change (EAPC) of 2.23 (95% CI: 2.11 to 2.34). Similar increases were observed in Central Asia (EAPC = 1.89, 95% CI: 1.72 to 2.06) and North Africa and the Middle East (EAPC = 2.03, 95% CI: 1.92 to 2.14). Conversely, no region showed a noteworthy reduction in ASIR of CKD-T2D, as Table 1, Figure 1, Supplementary Figures 1, 2 demonstrate.

The age-standardized DALY rate of CKD-T2D in 2019 varied across different regions. Central Latin America had the highest rate at 320.2 per 100,000 (95% UI 255.6 to 388.56). Southeast Asia followed at 235.7 per 100,000 (95% UI: 194.17 to 281.24), and Oceania at 206.91 per 100,000 (95% UI: 164.32 to 256.32). The North America region showed a noticeable upward trend in rates (EAPC = 2.73, 95% CI: 2.39 to 3.07), while the High-income Asia Pacific region exhibited a significant decrease (EAPC = -0.87, 95% CI: -1.05 to -0.68); these trends can be found in Table 2, Figure 3, and Supplementary Figure 1.

In 2019, the ASIR of CKD-T2D ranged from 13.91 to 78.37 per 100,000, with the highest rates observed in Saudi Arabia and the lowest in the Republic of Moldova (Supplementary Figure 1, Supplementary Table 1). The DALYs rates for CKD-T2D varied from 18.13 to 733.03 per 100,000. Mauritius had the highest DALY rate, while Iceland had the lowest (Supplementary Tables 1, 2, Supplementary Figure 1).

From 1990 to 2019, Morocco experienced the largest increase in ASIR for CKD-T2D, with an EAPC of 2.72 (95% CI 2.65 to 2.8). Conversely, Greece showed the largest decrease in ASIR for CKD-T2D, with an EAPC of -0.14 (95% CI -0.27 to -0.01). These findings are depicted in Supplementary Figure 1 and further supported by the data presented in Supplementary Table 1, 2. Furthermore, Armenia exhibited the greatest increase in DALYs rates, with an EAPC of 4.26 (95% CI 3.95 to 4.58). In contrast, Mongolia demonstrated the largest decrease in DALY rates, with an EAPC of -3.18 (95% CI -3.62 to -2.74). These results are illustrated in Supplementary Figure 1 and corroborated by the information provided in Supplementary Table 2 and Table 2.




3.3 Age and sex specific CKD-T2D

The burden of CKD-T2D is particularly prominent among the elderly, especially in the age group of 60-79 years and older. This trend is more noticeable in males, indicating that the health risks associated with CKD-T2D may escalate with increasing age, particularly for older men. These findings suggest that older populations are affected more severely by CKD-T2D, and this impact tends to accelerate after the age of 60-79. The rate of DALYs for CKD-T2D exhibited a significant increase starting at the age of 55 in 2019, accompanied by a noteworthy rise in ASIR for those aged 60-79. It is undeniable that the global burden of CKD-T2D is at its lowest among individuals under 20 years old and reaches its highest level in individuals over 80 years old (Supplementary Table 3, 4, Figure 2, Supplementary Figure 3).




3.4 Correlation between socio-demographic index and CKD-T2D burden

Supplementary Figure 4 demonstrates a significant negative correlation between the SDI and both the ASIR and the age-standardized DALYs rate for CKD-T2D in 2019 at the national level. The correlation coefficients (ρ) are 0.38 (P< 0.001) for the SDI and ASIR, and -0.264 (P< 0.001) for the SDI and DALY rate. This suggests that as socioeconomic status improves, the disease burden is expected to decrease over time, while the ASIR may increase. Generally, countries with higher SDI levels have a lower burden of CKD-T2D measured by the age-standardized DALY rate, with the highest ASIR of 37.74 observed among the five SDI regions (refer to Supplementary Figure 4, Tables 1, 2).

The association between SDI and CKD-T2D is intricate and displays notable regional variations. As depicted in Supplementary Figure 4, the ASIR and age-standardized DALY rate for CKD-T2D demonstrate an initial increase in countries with an SDI below 0.7. However, as the SDI increases, these rates begin to decline, with the largest burden observed in countries with a moderate SDI range. Notably, over the span of the past three decades, only countries with a low SDI have witnessed a decrease in age-standardized DALY rate for CKD-T2D, whereas countries with a high SDI have experienced the most substantial increases, as evidenced in Table 2 and Figure 3.

Regions with a high SDI demonstrated the highest ASIR for CKD-T2D at 37.74 per 100,000 (95% UI: 34.43 to 41.16), while the lowest ASIR in 2019 was observed in regions with a low SDI, at 20.48 per 100,000 (95% UI: 18.48 to 22.69). Regarding the Age-Standardized DALYs rate for CKD-T2D, there were contrasting patterns compared to ASIR. The middle SDI regions exhibited the highest rate at 159.63 per 100,000 (95% UI: 132.14 to 188.19). Conversely, regions with a high SDI had the lowest age-standardized DALY rate at 80.85 per 100,000 (95% UI: 66.99 to 95.28).





4 Discussion

Between 1990 and 2019, there was a clear global increase in the burden of CKD-T2D, as shown by a notable rise in both incidence and DALYs. Our findings demonstrate that CKD is a common complication of T2DM, with the risk being particularly significant among older individuals who are more susceptible to comorbidities. As a result, there is a higher DALY rate among individuals aged 65 and above. We also observed a rising trend in ASRs of CKD-T2D, with a marked increase in incidence among males over 50 years old. This indicates the compounded risks associated with age and gender-specific factors. Previous studies have shown notable racial disparities in diabetes between women and men, with a distinct life course relationship observed in women. Although men had a greater disease incidence in 2019, the increasing rates in women suggest an imminent rise in CKD-T2D incidence among female populations. Contributing factors to this trend include the potential overestimation of disease in women through glomerular filtration rate-estimating equations, age-related decline in protective hormones, and societal factors such as a higher likelihood of women seeking screening or diagnosis (16, 17).

The burden of CKD-T2D varies significantly among countries and regions, and is greatly influenced by levels of social development. Regions with high SDI are particularly affected, showing the highest ASIR. In contrast, countries with lower levels of SDI often face challenges in social progress and healthcare effectiveness, resulting in limited burden of CKD-T2D. These disparities have likely contributed to the increased ASIR of CKD-T2D in high-middle SDI regions (3). The screening for CKD, through regular measurement of the albumin-to-creatinine ratio and glomerular filtration rate, is widely recommended for individuals with type 2 diabetes as part of the annual cycle of care starting from the time of diagnosis (4). Therefore, implementing screening and intervention measures for CKD-T2D in high SDI regions may lead to the highest ASIR and lowest age-standardized DALYs rate. In nations with higher SDI, aging plays a more noteworthy role, whereas in countries with lower SDI, population growth characterized by high fertility and lower life expectancy is a major contributing factor (18).

The main focus of this study is to evaluate the spatial and temporal changes in the burden of CKD-T2D. In previous studies, it was found that the incidence rate, and mortality of CKD-T2D were different in age group and gender. Therefore, in order to control the impact of confounding factors, age and gender specific CKD-T2D burdens were calculated to understand their impact. In addition, age standardization was carried out to reduce the impact of age on the results.

Despite the overall increase in the burden of CKD-T2D, certain regions have made notable progress in preventing and managing this condition, particularly in low- and high-middle SDI regions, where a decrease in age-standardized DALYs rates has been observed. However, the effectiveness of interventions varies significantly between countries. For example, Mauritius and Nauru have demonstrated less favorable outcomes, revealing missed opportunities and emphasizing the need for targeted healthcare strategies. From 1990 to 2019, some countries have made significant advancements that align with rapid socioeconomic development, while others, particularly Mauritius and Nauru, have fallen behind. In 2019, there were evident disparities in DALY rates among countries, highlighting the potential for narrowing these gaps. The impressive performances in some countries across the development spectrum should inspire others with similar SDI to optimize their resources for improved health outcomes. The challenges posed by low socioeconomic development, though substantial, are not insurmountable (19). Health progress, driven by sociodemographic advancement, can be influenced by additional factors. This variability is partially explained by shifts in patterns of risk factors such as hyperglycemia, hypertension, and obesity (20), providing an opportunity to move beyond the notion that managing the burden of kidney disease is solely about addressing diabetes and hypertension. Emerging evidence on the interplay of smoking and ambient pollution with diabetic nephropathy in different regions of the world further underscores this point (21, 22).

Interpretation of these findings requires consideration of certain limitations inherent in the GBD 2019 study. The estimation of CKD burden by GBD relies on statistical methods and predicted covariate values from various sources, including census data, disease registration records, household surveys, health service utilization statistics, air pollution monitoring, and vital statistics. While countries like China, USA, India, Australia, UK, and Russia provide high-quality results through established medical registration systems, there is a lack of large, high-quality, population-based CKD studies in certain countries or territories such as the Cook Islands, Niue, Vatican City, Liechtenstein, Order of Malta, and Palestine (23). This introduces bias to the primary data from these areas. Therefore, caution is needed when extrapolating specific data to WHO non-member countries and regions with underdeveloped medical systems. The limited data also hinders further investigation into the burden of CKD-T2D at different stages, underscoring the need for increased investment in improving vital registration and data collection efforts in developing countries. Despite these limitations, this analysis offers valuable new insights into the global burden of CKD-T2D.

The study period spanning from 1990 to 2019 witnessed a significant rise in the global burden of CKD-T2D. This increase was accurately measured through ASIR and age-standardized DALYs rates. Additionally, we found substantial variations in the demographic and epidemiological trends across different levels of SDI regions. Although we observed a negative correlation between socioeconomic status and disease burden, countries demonstrated a wide range of performance. While some countries surpassed expectations in managing the disease burden, others experienced a rise in DALY rates despite sociodemographic advancements. With limited resources available, it is crucial to prioritize early-stage interventions and focus on establishing causal pathways to alleviate the death burden in low-to-middle SDI countries. Furthermore, the increasing public health concerns related to overweight and obesity, coupled with CKD resulting from type 2 diabetes mellitus, call for immediate implementation of tailored prevention programs. Such programs may include interventions like diet modification or physical activity initiatives, particularly in high-income countries.




5 Conclusion

From 1990 to 2019, there were notable regional and national variations in the increasing burden of CKD-T2D. All age-standarized rates of CKD-T2D showed a consistent upward trend, with higher rates among males compared to females, starting at the age of 60. The majority of the global burden was concentrated in countries with a middle SDI. Central Latin America, followed closely by Southeast Asia and Andean Latin America, experienced the most significant impact of CKD-T2D. Among countries, Mauritius, Palau, and Nicaragua had the highest disease burdens. These findings are crucial for directing epidemiological surveillance efforts and designing targeted health interventions. Therefore, it is important to enhance disease detection strategies and develop tailored early intervention approaches that reflect the varying levels of socioeconomic development. This approach could effectively reduce the burden of CKD-T2D. In conclusion, these findings highlight the need for strategic planning in healthcare policies to address the changing landscape of CKD-T2D.
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