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Objective

To analyze the trends in disease burden of diabetes-related chronic kidney disease (CKD) by year, age, gender and types of diabetes in China from 1990 to 2019.



Methods

Data on prevalence, deaths and disability-adjusted life years (DALYs) for diabetes-related CKD were extracted from the Global Burden of Disease (GBD) 2019 study. Analyses were performed by year, age, gender and types of diabetes.



Results

In China, the numbers of deaths and DALYs of diabetes-related CKD continuously increased but the age-standardized rates (per 100,000 population) decreased over 30 years, in which the numbers of deaths and DALYs attributable to type 1 diabetes mellitus (T1DM)-related CKD barely changed and the age-standardized rates decreased over the years; and the number of deaths and DALYs attributable to type 2 diabetes mellitus (T2DM)-related CKD continuously increased, but the age-standardized rates also decreased. In 2019, 76.03 (58.24-95.61) thousand deaths and 2.13 (1.65–2.67) million DALYs were attributable to diabetes-related CKD, of which, T2DM accounted for 83.32% and 77.0% respectively, and T1DM accounted for the rest. Increasing gender disparity was seen, with males being more heavily impacted. The burden of diabetes-related CKD varied among different age groups, with the numbers of deaths and DALYs attributable to T1DM-related CKD peaking between 45 and 54 years of age and T2DM-related CKD peaking between 75 and 79 years of age; and the crude rates of deaths and DALYs attributable to T1DM-related CKD peaking between 70 and 79 years of age and 40 to 54 years of age, respectively, and T2DM-related CKD peaking over 90 years of age. Among neighboring and G20 countries, the burden of diabetes-related CKD in China was relatively controlled reflected by the ranking of adjusted death and DALYs rates.



Conclusions

The burden of diabetes-related CKD in China worsens and shows gender disparities and different age distribution. Greater efforts are needed to improve the health outcomes of these patients, especially among males.
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Introduction

Chronic kidney disease (CKD) is a major cause of mortality and disability and is a leading public health problem worldwide (1, 2). Diabetes mellitus (DM) is considered to have been one of the leading drivers of CKD over the past several decades (1, 3). The International Diabetes Federation (IDF; 10th edition) reported that there were 537 million adults with diabetes in 2021 globally (4). It is estimated that approximately 40% of patients with diabetes will develop diabetic kidney disease (DKD), and approximately 50% of those with DKD may progress to end-stage renal disease (ESRD) during their lifetimes (5, 6). Studies have shown that in the United States of America, DKD is the most common cause of kidney failure, in which 30% of patients with type 1 diabetes mellitus (T1DM) and 40% of patients with type 2 diabetes mellitus (T2DM) develop CKD (7).

Diabetes-related CKD, like CKD due to other causes, is manifested as a low estimated glomerular filtration rate (eGFR) and an elevated urinary albumin excretion rate (AER) and is associated with increased rates of all-cause and cardiovascular disease (CVD)-related mortality (2, 8–10). CKD is a risk multiplier for diabetes and aggravates the burden of diabetes; in addition, both CKD and diabetes are strongly associated with CVD (5, 6). Furthermore, diabetes-related CKD is a principal cause of progression to ESRD, which requires costly renal replacement therapy, including dialysis or renal transplantation (5, 11, 12).

China has a considerable burden of diabetes. 141 million adults were living with diabetes accounting for 25% of all adults living with diabetes worldwide, being at risk of serious complications like CKD (4). Additionally, instead of glomerulonephritis-related CKD, diabetes-related CKD took over the main cause of CKD in China recently (13). The treatment of CKD costs, in which the cost of dialysis reaches 106 billion Renminbi (RMB; about 15.3 billion dollars) every year (14). The long-term impact of diabetes-related CKD on people’s health and the country’s economy should be paid much more attention and taken actions to relieve the disease burden. However, few studies have analyzed the comprehensive burden of diabetes-related CKD in China to our knowledge. The specific distribution of diabetes-related CKD in China and the influence of gender disparity and aging on the disease burden warrant an in-depth investigation that will inform healthcare policies and interventions. Therefore, this study aimed to assess the global trend of diabetes-related CKD in China, by using the latest death and disability-adjusted life years (DALYs) data from the Global Burden of Disease study (GBD) 2019 study.



Methods


Data Source

The GBD is unique in its approach to generating estimates including incidence, prevalence, deaths, and DALYs for all regions by using all available data from administrative hospital and medical claims records, cause of death records, the published and unpublished literature (15). The health loss due to CKD has been quantified by deaths and DALYs in this GBD study. DALYs are defined as the sum of years lived with disability and years of life lost owing to premature death, and are used to fully assess the impact of both the fatal and nonfatal outcomes of diseases (16). We quantified the burden of diabetes-related CKD during the period from 1990 to 2019. The following data on diabetes-related CKD were collected from the Global Health Data Exchange: (1) Gender-specific data on prevalence, deaths and DALYs as absolute numbers and age-standardized rates (per 100,000 population), annually from 1990 to 2019 in China; (2) Gender- and age-specific data on deaths and DALYs as absolute numbers and crude (i.e., unadjusted) rates in 2019 in China; (3) National data on deaths and DALYs as age-standardized rates in 2019. Ethics approval and informed consent were not required for this study because of the use of publicly accessible data.



Statistical Analysis

Data are expressed as absolute values with 95% uncertainty intervals (UI). The rates of deaths and DALYs are expressed as the number per 100,000 population. All statistical analyses were conducted using Prism software (version 8; GraphPad), except where otherwise specified.




Results


Trends and Gender Disparity of Diabetes-Related CKD in China

In China, the numbers of people living with diabetes continuously increased from 35.49 (31.95-39.41) million in 1990 to 91.98 (84.23-100.52) million in 2019 by 159.17%. The age-standardized rates per 100,000 population of prevalence due to diabetes increased from 3740.02 (3381.06-4128.84) in 1990 to 4613.09 (4215.52-5047.67) in 2019 (Figures S1A, B). The numbers of people with diabetes-related CKD also increased over 30 years, from 17.34 (15.54-19.42) million (accounting for 48.86% of total population with diabetes) in 1990 to 31.65 (28.65-34.57) million (accounting for 34.41% of total population with diabetes) in 2019. The age-standardized rates of prevalence increased from 29.79 (25.59-34.58) in 1990 to 39.07 (33.62-45.50) in 2019 in T1DM-related CKD and decreased from 1678.25 (1523.94-1851.42) in 1990 to 1606.88 (1457.70-1760.75) in 2019 in T2DM-related CKD (Figures S1C, D).

In the diabetes-related CKD, the absolute numbers of deaths and DALYs have both shown increasing trends over the past 30 years. Death numbers were 38.60 (29.74-48.21) thousand in 1990 and 76.03 (58.24-95.61) thousand in 2019 increasing by 96.97%, and DALYs number were 1.36 (1.03-1.71) million in 1990 and 2.13 (1.65–2.67) million in 2019 increasing by 56.62%, respectively (Figures S1E, F).

In 2019, death numbers of T1DM-related CKD were 12.68 (8.46-18.33) thousand and T2DM-related CKD were 63.35 (49.79-77.28) thousand, which accounted for 16.68% and 83.32%, respectively. DALYs numbers of T1DM-related CKD were 0.49 (0.33-0.69) million and T2DM-related CKD were 1.64 (1.31-1.98) million, which accounted for 23.0% and 77.0%, respectively.

When described individually, the numbers of deaths and DALYs attributable to T1DM-related CKD barely changed or increased slightly (Death 1990: female 5.33 (3.69-7.41) thousand, male 5.86 (3.94-7.94) thousand; Death 2019: female 5.47 (3.50-8.17) thousand, male 7.21 (4.67-10.85) thousand; DALYs 1990: female 237.51 (166.98-327.86) thousand, male 270.79 (183.25-367.47) thousand; DALYs 2019: female 205.56 (136.50-293.06) thousand, male 288.12 (192.46-415.10) thousand); and the age-standardized rates of deaths and DALYs decreased over the years in both females and males [Death 1990: female 1.03 (0.70-1.46), male 1.07 (0.72-1.43); Death 2019: female 0.54 (0.36-0.79), male 0.74 (0.49-1.09); DALYs 1990: female 43.68 (30.24-60.42), male 46.06 (31.51-62.41); DALYs 2019: female 21.59 (14.73-29.81), male 30.25 (20.71-43.12)] (Figures 1A, B). However, in T2DM-related CKD, the number of deaths and DALYs continuously increased (Death 1990: female 14.14 (10.91-17.47) thousand, male 13.27 (10.00-16.93) thousand; Death 2019: female 31.06 (23.72-38.91) thousand, male 32.30 (24.27-41.39) thousand; DALYs 1990: female 429.00 (335.32-530.61) thousand, male 420.05 (317.21-528.13) thousand; DALYs 2019: female 792.93 (617.20-972.75) thousand, male 847.48 (655.07-1064.27) thousand), and the age-standardized rates of deaths and DALYs decreased but there were fluctuations in both two genders [Death 1990: female 3.71 (2.94-4.53), male 4.37 (3.44-5.45); Death 2019: female 3.17 (2.43-3.95), male 4.27 (3.28-5.40); DALYs 1990: female 96.43 (76.25-117.21), male 100.95 (79.20-124.17); DALYs 2019: female 76.62 (60.34-93.78), male 91.64 (71.98-113.97)] (Figures 1C, D).




Figure 1 | The burden of diabetes-related CKD by year from 1990 to 2019. (A, B) show the numbers and age-standardized rates of deaths and DALYs of T1DM-related CKD. (A) Deaths; (B) DALYs; (C, D) show the numbers and age-standardized rates of deaths and DALYs of T2DM-related CKD. (C) Deaths; (D) DALYs; CKD, chronic kidney disease; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; DALYs, disability-adjusted life-years.



We also noticed gender disparity in both T1DM- and T2DM-related CKD. Although there were a few years when the female had higher age-standardized deaths and DALYs rates than males in T1DM-related CKD, males bore a severer disease burden than females both in numbers and rates of deaths and DALYs overall. And this disparity was enlarged in the recent 15 years (Figures 1A–D).



Trends of Diabetes-Related CKD by Age in China

Considering the wide difference in the burden of T1DM-related and T2DM-related CKD in China, we investigated the age-specific burden separately.

In T1DM-related CKD, the numbers of deaths and DALYs peaked between 45 and 54 years of age [Death number: female 0.73 (0.32-1.36) thousand, male 0.97 (0.42-1.89) thousand; DALYs number: female 30.67 (13.79-55.38) thousand, male 41.53 (19.19-67.75) thousand] (Figures 2A, B). The crude rates of deaths peaked between 70 and 79 years of age [Death rate: female 2.33 (0.97-4.66), male 2.58 (1.04-5.28)] and DALYs peaked between 40 and 54 years of age [DALYs rate: female 49.26 (22.15-88.94), male 73.85 (37.96-116.77)] (Figures 2E, F). The gender disparity was severe between 25 and 54 years of age with males bearing more disease burden both in deaths and DALYs and gradually narrowing over 54 years of age (Figures 2A, B, E, F).




Figure 2 | The burden of diabetes-related CKD by age in 2019. (A, B) show the numbers of deaths and DALYs of T1DM-related CKD. (A) Deaths; (B) DALYs; (C, D) show the numbers of deaths and DALYs of T2DM-related CKD. (C) Deaths; (D) DALYs; (E, F) show the crude rates of deaths and DALYs of T1DM-related CKD. (E) Deaths; (F) DALYs; (G, H) shows the crude rates of deaths and DALYs of T2DM-related CKD. (G) Deaths; (H) DALYs; CKD, chronic kidney disease; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; DALYs, disability-adjusted life-years.



In T2DM-related CKD, the numbers of deaths and DALYs peaked between 75 and 79 years of age (Death number: female 4.82 (3.09-6.53) thousand, male 5.07 (3.28-6.99) thousand) and 65-69 years of age (DALYs number: female 122.68 (83.91-161.64) thousand, male 123.94 (82.98-168.45) thousand), respectively (Figures 2C, D). The crude rates of deaths and DALYs peaked over 90 years of age [Death rate: female 157.71 (94.48-216.02), male 204.52 (120.76-290.08); DALYs rate: female 891.33 (544.59-1206.58), male 1353.33 (914.46-1807.69)] (Figures 2G, H). The gender disparity was distinct between 30 and 64 years of age with males bearing more disease burden both in the numbers of deaths and DALYs and gradually narrowing over 64 years of age and was distinct over 85 years of age in the crude rates of deaths and DALYs (Figures 2C, D, G, H).



Burden of Diabetes-Related CKD in China and Neighboring Countries and G20 Countries

To better evaluate the disease development in China, we compared the disease burden in China and neighboring countries, and G20 countries.

When compared to neighboring countries, especially paying attention to different types of diabetes and genders, we found most of them including China, which tend to be that T2DM-related CKD had higher age-standardized death and DALYs rates, and males bore the severer burden (except for North Korea and Singapore where gender disparity was not obvious) in both 1990 and 2019. Over 30 years, the age-standardized rates of deaths and DALYs decreased in China and in most of the neighboring countries except for India and Pakistan which still had a considerable increase (Figure 3).




Figure 3 | The burden of diabetes-related CKD in China and neighboring countries. (A) Age-standardized death rate; (B) Age-standardized DALYs rate. CKD, chronic kidney disease; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; DALYs, disability-adjusted life-years.



When compared to G20 countries, a much wider range in the world, the specific numbers and rates of DALYs were listed and ranked, to better see the status of China in the burden of diabetes-related CKD (Tables 1, 2).


Table 1 | All-age DALYs and age-standardized DALYs rate (per 100,000 population) for T1DM-related CKD in 1990 and 2019 among the G20 countries (the 20th member is the European Union).




Table 2 | All-age DALYs and age-standardized DALYs rate (per 100,000 population) for T2DM-related CKD in 1990 and 2019 among the G20 countries (the 20th member is the European Union).



In T1DM-related CKD, China was once ranked 1st in 19 countries in the DALYs number in 1990 and then declined to 2nd in 2019 replaced by India. And the age-standardized rates of DALYs were also declined to 9th in 2019 from 4th in 1990. What caught our eyes was the tremendous increase in DALYs in America and Mexico in 2019 compared to 1990 (Table 1).

In T2DM-related CKD, China was also ranked 1st in the DALYs number in 1990 and then declined to 3rd in 2019 replaced by America. And the age-standardized rates of DALYs were also declined to 11th in 2019 from 10th in 1990. Consistent with the changes in T1DM-related CKD, America, and Mexico bore the seriously increased burden in both numbers and age-standardized rates of DALYs as well (Table 2).



Trends in Leading Causes of CKD in China

During the past three decades, hypertension, T2DM, and “other and unspecified causes” were the three leading causes of deaths and DALYs among people with CKD (Figure 4). The death number of T1DM-related CKD accounted for 11.34% in total CKD in 1990 and decreased to 6.44% in 2019, while T2DM-related CKD accounted for 27.80% in total CKD in 1990 and increased to 32.20% in 2019. The DALYs number of T1DM-related CKD accounted for 12.72% in total CKD in 1990 and decreased to 8.46% in 2019, while T2DM-related CKD accounted for 21.24% in total CKD in 1990 and increased to 28.13% in 2019. The major cause of CKD remained hypertension and T2DM over 30 years, and the proportion of glomerulonephritis, other and unspecified causes were decreasing.




Figure 4 | Leading causes of CKD by year. (A) Number of deaths; (B) Number of DALYs. CKD, chronic kidney disease; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; DALYs, disability-adjusted life-years.






Discussion

This study comprehensively demonstrated the trends in the deaths and DALYs of diabetes-induced CKD by age, gender and types of diabetes in China from 1990 to 2019. The numbers of deaths and DALYs both showed increasing trends in total diabetes-related CKD where T1DM-related CKD changed a little and T2DM-related CKD increased obviously. The age-standardized rates decreased in both T1DM- and T2DM-related CKD in 2019 as compared to 1990. Gender disparity in the burden of diabetes-related CKD was widened over the past three decades, with males bearing a greater burden in terms of both deaths and DALYs since 1990. In the aging process, T1DM- and T2DM-related CKD displayed different distribution in both deaths and DALYs. When putting China in perspective more international, evaluated by age-standardized death and DALYs rates, China had some progress but still bore a serious burden. Over 30 years, hypertension and T2DM still were leading causes of CKD in China.

What is worth to be paid attention to is that T1DM-related CKD accounted for 1.8% of the prevalence number of diabetes-related CKD, however, it accounted for 16.7% and 23.0% of all deaths and DALYs due to diabetes-related CKD in 2019. The lower prevalence of T1DM-related CKD along with the disproportionately high death and DALYs rates may be partly explained by the higher proportion of deaths and DALYs below the age of 50 in T1DM patients than in T2DM patients. In addition, glycemic control is tightly associated with the development and progression of diabetes-related CKD (17–21). People with T1DM need daily injections of insulin to control their blood glucose levels. Although in recent years, China has gradually shifted from traditional mode to intensive mode which adapted the insulin analogs and the insulin pens and pumps to treat T1DM, the proportions of intensive treatment are still lower in China than in other countries (22); besides, T1DM frequently occurs in childhood (4), it’s relatively difficult for children to have self-treatment and dietary adherence. The duration of pubertal diabetes may play a role in accelerating renal damage (23). The burden of T1DM-related CKD in China was still severe but the numbers of deaths and DALYs remained relatively stable over 30 years. One of the reasons should be effective pediatric diabetes education with the support of the project of Standardized Management of Children with Diabetes and the Chinese Children’s Diabetes Collaborative Group (22). The growing burden of T2DM-related CKD may be due to the increasing burden of T2DM in China, which accounts for 90% of all diabetes and has an increasing trend mainly due to dietary changes and physical inactivity brought by urbanization (24); moreover, CKD is more prevalent in T2DM patients due to their prolonged life expectancy (4, 25–27). The age-standardized rates of both T1DM- and T2DM-related CKD were declined over decades, contrary to the rates globally which increased in 2019 compared to 1990 (3), indicating that the overall increase in the numbers in China might have been partly driven largely by population growth.

The results of the analysis by age revealed a single-peak distribution of the number and crude rates of deaths and DALYs in both types of diabetes. The greatest numbers and crude rates of both measurements were found happening much earlier in T1DM-related CKD than in T2DM-related CKD. This may be due to that T1DM is more common in younger people, and in contrast, T2DM is more common among adults. The earlier peak of deaths and DALYs in T1DM-related CKD may be a result of the earlier and longer course of the disease.

Based on the latest data from the GBD 2019 study, we also revealed a gender-specific pattern: overall, males suffered more than females, as measured by the numbers and rates of deaths and DALYs. Physical, biological, and behavioral factors, socioeconomic status, educational status, and social disparities contribute to the differences in the deaths and DALYs due to diabetes-related CKD between two genders (28, 29). The higher prevalence of CKD stages 1–3 in females and higher mortality in males suggest that women had a lower risk of CKD progression and deaths as compared with men (2). This may be due to gender differences in health behaviors such as smoking and alcohol use, and the effect of sex hormones, where estrogens may have a protective effect on the vasculature, while testosterone has a deleterious effect (30, 31). Furthermore, women had increased NO availability and reduced renal oxidative stress when compared to men, which might have protective effects against the progression of diabetes-related CKD (32).

When compared to neighboring countries and G20 countries, China made some progress rather than continues to deteriorate reflected in rates of deaths and DALYs. India and Pakistan stood severer burden in 2019 than in 1990. As mentioned above, diabetes-related CKD is the most common cause of ESRD, which is a lethal threat in many parts of the world where dialysis is not available or affordable (6). However, kidney-care services like dialysis, renal transplantation, and other kidney medications were hard to have accessibility and affordability for many families. Fortunately, the Chinese government has initiated universal health insurance coverage to solve this problem since 2003 (33) and set up more than 150 independent hemodialysis centers since 2016 (14). It brings great hope for thousands of families with diabetes-related CKD.

In conclusion, this study revealed the burden of diabetes-related CKD in China, both in terms of deaths and DALYs. Gender disparity existed in the burden of diabetes-related CKD, with males being more heavily affected than females. Preventive efforts should be targeted on different genders. The specific characteristics of T1DM and T2DM bring different features of related CKD like age distribution, and attention should be paid to different age groups, respectively. The prevention and treatment of diabetes are also very important. Several limitations of this study should be mentioned. First, In the GBD study, the causes of CKD included T1DM, T2DM, hypertension, glomerulonephritis and “other and unspecified causes”. The burden of hypertension-related CKD was also serious in China. We mainly focused on the diabetes-related CKD, so the burden of hypertension-related CKD was not analyzed in this study. When distinguishing the main cause of CKD clinically, the disease history, course and complications will help define the exactly cause. In the GBD, the causes of CKD that T1DM and T2DM were determined on the basis of ICD10 (E10.2-E10.29) and (E11.2-E11.29), respectively. However, CKD was often caused by comorbid conditions, such as diabetes and hypertension which are both closely linked to CKD progression, which may lead to uncertainty about the definite underlying cause of CKD (2). Secondly, there was no more detailed data from provinces of China, only the data of total burden of diabetes-related CKD in the Chinese Mainland (not including Taiwan) were analyzed. Thirdly, as the GBD study updates annually, further exploration and longer-term surveillance of diabetes-related CKD is required.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Author Contributions

XP, XL and XH, and conceived the study, collected data, performed the statistical analysis and participated in writing and preparation of the report. JX, SH, LY, TZ were involved in the data collection, interpretation of the data and preparation of the report. P-FS, and YR, and HJ designed and coordinated the study, acquired funding, performed the statistical analysis and participated in writing and editing the final report. P-FS assumes full responsibility for the overall content of this report. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the National Natural Science Foundation of China (grant numbers 81870564 to P-FS).



Acknowledgments

The estimates used in this manuscript are based on the GBD data and methodologies. We appreciate the visionary global health leadership of the Institute for Health Metrics and Evaluation (IHME) in Seattle, Washington, and the contribution of all anonymous collaborators, without whom this report would not be possible.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.892860/full#supplementary-material

Supplementary Figure 1 | The burden of diabetes and diabetes-related CKD in China by year from 1990 to 2019. (A, B) show the prevalence of diabetes in China. (A) The numbers of prevalence; (B) The age-standardized rates of prevalence; (C, D) show the prevalence of diabetes-related CKD in China. (C) The numbers of prevalence; (D) The age-standardized rates of prevalence; (E, F) show the numbers of deaths and DALYs due to diabetes-related CKD in China. (E) Deaths; (F) DALYs. CKD, chronic kidney disease; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; DALYs, disability-adjusted life-years.



References

1. Xie, Y, Bowe, B, Mokdad, AH, Xian, H, Yan, Y, Li, T, et al. Analysis of the Global Burden of Disease Study Highlights the Global, Regional, and National Trends of Chronic Kidney Disease Epidemiology From 1990 to 2016. Kidney Int (2018) 94:567–81. doi: 10.1016/j.kint.2018.04.011

2. GBD Chronic Kidney Disease Collaboration. Global, Regional, and National Burden of Chronic Kidney Disease, 1990–2017: A Systematic Analysis for the Global Burden of Disease Study 2017. Lancet (2020) 395:709–33. doi: 10.1016/s0140-6736(20)30045-3

3. Deng, Y, Li, N, Wu, Y, Wang, M, Yang, S, Zheng, Y, et al. Global, Regional, and National Burden of Diabetes-Related Chronic Kidney Disease From 1990 to 2019. Front Endocrinol (Lausanne) (2021) 12:672350. doi: 10.3389/fendo.2021.672350

4. The International Diabetes Federation. IDF Diabetes Atlas, 10th edition. Belgium: The International Diabetes Federation (2021).

5. Kato, M, and Natarajan, R. Epigenetics and Epigenomics in Diabetic Kidney Disease and Metabolic Memory. Nat Rev Nephrol (2019) 15:327–45. doi: 10.1038/s41581-019-0135-6

6. Couser, WG, Remuzzi, G, Mendis, S, and Tonelli, M. The Contribution of Chronic Kidney Disease to the Global Burden of Major Noncommunicable Diseases. Kidney Int (2011) 80:1258–70. doi: 10.1038/ki.2011.368

7. Bonner, R, Albajrami, O, Hudspeth, J, and Upadhyay, A. Diabetic Kidney Disease. Prim Care (2020) 47:645–59. doi: 10.1016/j.pop.2020.08.004

8. Molitch, ME, Adler, AI, Flyvbjerg, A, Nelson, RG, So, W-Y, Wanner, C, et al. Diabetic Kidney Disease: A Clinical Update From Kidney Disease: Improving Global Outcomes. Kidney Int (2015) 87:20–30. doi: 10.1038/ki.2014.128

9. Debella, YT, Giduma, HD, Light, RP, and Agarwal, R. Chronic Kidney Disease as a Coronary Disease Equivalent–A Comparison With Diabetes Over a Decade. Clin J Am Soc Nephrol (2011) 6:1385–92. doi: 10.2215/CJN.10271110

10. de Boer, IH, Rue, TC, Hall, YN, Heagerty, PJ, Weiss, NS, and Himmelfarb, J. Temporal Trends in the Prevalence of Diabetic Kidney Disease in the United States. JAMA (2011) 305:2532–9. doi: 10.1001/jama.2011.861

11. Alicic, RZ, Rooney, MT, and Tuttle, KR. Diabetic Kidney Disease: Challenges, Progress, and Possibilities. Clin J Am Soc Nephrol (2017) 12:2032–45. doi: 10.2215/CJN.11491116

12. Li, R, Bilik, D, Brown, MB, Zhang, P, Ettner, SL, Ackermann, RT, et al. Medical Costs Associated With Type 2 Diabetes Complications and Comorbidities. Am J Manag Care (2013) 19:421–30.

13. Zhang, L, Long, J, Jiang, W, Shi, Y, He, X, Zhou, Z, et al. Trends in Chronic Kidney Disease in China. N Engl J Med (2016) 375:905–6. doi: 10.1056/NEJMc1602469

14. Yang, C, Wang, H, Zhao, X, Matsushita, K, Coresh, J, Zhang, L, et al. CKD in China: Evolving Spectrum and Public Health Implications. Am J Kidney Dis (2020) 76:258–64. doi: 10.1053/j.ajkd.2019.05.032

15. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, Regional, and National Incidence, Prevalence, and Years Lived With Disability for 354 Diseases and Injuries for 195 Countries and Territories, 1990-2017: A Systematic Analysis for the Global Burden of Disease Study 2017. Lancet (2018) 392:1789–858. doi: 10.1016/S0140-6736(18)32279-7

16. GBD 2017 Risk Factor Collaborators. Global, Regional, and National Comparative Risk Assessment of 84 Behavioural, Environmental and Occupational, and Metabolic Risks or Clusters of Risks for 195 Countries and Territories, 1990–2017: A Systematic Analysis for the Global Burden of Disease Study 2017. Lancet (2018) 392:1923–94. doi: 10.1016/s0140-6736(18)32225-6

17. MacIsaac, RJ, Jerums, G, and Ekinci, EI. Effects of Glycaemic Management on Diabetic Kidney Disease. World J Diabetes (2017) 8:172–86. doi: 10.4239/wjd.v8.i5.172

18. Ruospo, M, Saglimbene, VM, Palmer, SC, Cosmo, SD, Pacilli, A, Lamacchia, O, et al. Glucose Targets for Preventing Diabetic Kidney Disease and Its Progression. Cochrane Database Syst Rev (2017) 6:CD010137. doi: 10.1002/14651858.CD010137.pub2

19. DiMeglio, LA, Evans-Molina, C, and Oram, RA. Type 1 Diabetes. Lancet (2018) 391:2449–62. doi: 10.1016/s0140-6736(18)31320-5

20. Shurraw, S, Hemmelgarn, B, Lin, M, Majumdar, SR, Klarenbach, S, Manns, B, et al. Association Between Glycemic Control and Adverse Outcomes in People With Diabetes Mellitus and Chronic Kidney Disease: A Population-Based Cohort Study. Arch Intern Med (2011) 171:1920–7. doi: 10.1001/archinternmed.2011.537

21. Writing Team for the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications Research  Group. Sustained Effect of Intensive Treatment of Type 1 Diabetes Mellitus on Development and Progression of Diabetic Nephropathy: The Epidemiology of Diabetes Interventions and Complications (EDIC) Study. JAMA (2003) 290:2159–67. doi: 10.1001/jama.290.16.2159

22. Liang, Y, Hou, L, Wu, W, Ye, F, Zhang, C, and Luo, X. History of Pediatric Type 1 Diabetes in China. Pediatr Diabetes (2021) 2021:1–5. doi: 10.1111/pedi.13258

23. Cho, YH, Craig, ME, and Donaghue, KC. Puberty as an Accelerator for Diabetes Complications. Pediatr Diabetes (2014) 15:18–26. doi: 10.1111/pedi.12112

24. Allender, S, Wickramasinghe, K, Goldacre, M, Matthews, D, and Katulanda, P. Quantifying Urbanization as a Risk Factor for Noncommunicable Disease. J Urban Health (2011) 88:906–18. doi: 10.1007/s11524-011-9586-1

25. Jones, CA, Krolewski, AS, Rogus, J, Xue, JL, Collins, A, and Warram, JH. Epidemic of End-Stage Renal Disease in People With Diabetes in the United States Population: Do We Know the Cause? Kidney Int (2005) 67:1684–91. doi: 10.1111/j.1523-1755.2005.00265.x

26. Piccoli, GB, Grassi, G, Cabiddu, G, Nazha, M, Roggero, S, Capizzi, I, et al. Diabetic Kidney Disease: A Syndrome Rather Than a Single Disease. Rev Diabetes Stud (2015) 12:87–109. doi: 10.1900/RDS.2015.12.87

27. World Health Organization. Classification of Diabetes Mellitus. Geneva: World Health Organization, Vol. 2019. (2019).

28. McLaren, L. Socioeconomic Status and Obesity. Epidemiol Rev (2007) 29:29–48. doi: 10.1093/epirev/mxm001

29. Corsi, DJ, Subramanian, SV, Lear, SA, Teo, KK, Boyle, MH, Raju, PK, et al. Tobacco Use, Smoking Quit Rates, and Socioeconomic Patterning Among Men and Women: A Cross-Sectional Survey in Rural Andhra Pradesh, India. Eur J Prev Cardiol (2014) 21:1308–18. doi: 10.1177/2047487313491356

30. Ricardo, AC, Yang, W, Sha, D, Appel, LJ, Chen, J, Krousel-Wood, M, et al. Sex-Related Disparities in CKD Progression. J Am Soc Nephrol (2019) 30:137–46. doi: 10.1681/ASN.2018030296

31. Beltran-Sanchez, H, Finch, CE, and Crimmins, EM. Twentieth Century Surge of Excess Adult Male Mortality. Proc Natl Acad Sci USA (2015) 112:8993–8. doi: 10.1073/pnas.1421942112

32. Schneider, MP, Ritt, M, Raff, U, Ott, C, and Schmieder, RE. Gender is Related to Alterations of Renal Endothelial Function in Type 2 Diabetes. Nephrol Dial Transplant (2009) 24:3354–9. doi: 10.1093/ndt/gfp318

33. Zhang, L, and Zuo, L. Current Burden of End-Stage Kidney Disease and its Future Trend in China. Clin Nephrol (2016) 86:27–8. doi: 10.5414/CNP86S104




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


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

Copyright © 2022 Pan, Lin, Huang, Xu, Ye, Zhang, Hu, Jiang, Ren and Shan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-892860-g002.jpg
Death Number of TIDM-related CKD in China, 2019

2x103 wem= Male (number) ~— === Female (number)

Number of Deaths in the population

SIDIIRRZDEE D F D P
SIS SO O (S S w“s»%‘
R N WA N N

Age

Error bars indicate the 95% uncertainty interval (UI) for numbers.

Death Number of T2DM-related CKD in China, 2019

»
%
<

s Male (number) === Female (number)

>
<
<

Number of Deaths in the population
v e
¥ %
s 3

9&’“?“9“6’@?@«’«“%‘@&\&
SOOI SO
A AP S A X

Age
Error bars indicate the 95% uncertainty interval (UI) for numbers.

Death rates of TIDM-related CKD in C

a, 2019

EN

— Male (rate) — Female (rate)

IS

o

o

Deaths per 100,000 population

s\“e‘c‘o“m’?n qn” qo‘?. ‘c@. e «he'ec‘h}m@ ‘,P \°
S S S e S S e
Age

Error bars indicate the 95% uncertainty interval (UI) for rates.

Death rates of T2DM-related CKD in China, 2019

IS
5
H

w Male (rate) = Female (rate)

@
2
2

s
H

=

Deaths per 100,000 population
4
2
H

D D 9‘«“9&9«“@@«’“?@&\»
D

SO OO S T E OO O S O
O R NN NN
Age
Error bars indicate the 95% uncertainty interval (UI) for rates.

DALYs Number of TIDM-related CKD in China, 2019

1103 we= Male (number) === Female (number)

“
X
2

Number of DALY in the population

=
£
E]
H
2
s
=
g
o
2
Z

DALYs per 100,000 population

o
%
e %2

Number of DALY in the population
s
%
z

<

SPODEREL QO XD LS P&

DESHEERSOOEIIOS

R A NN Y RN
Age

Error bars indicate the 95% uncertainty interval (UI) for numbers.

DALYs Number of T2DM-related CKD in China, 2019

2x10% we= Male (number) === Female (number)

PR2DEENN LS P
SO0 BN

SN N N e e N e e ey

Age

Error bars indicate the 95% uncertainty interval (UI) for numbers.

DALYSs rates of TIDM-related CKD in China, 2019

2
2

m— Male (rate) m— Female (rate)

2
g

»n
g

DD > u‘*ﬁ&&@@«”"\“%’@q’\c"
& \° O, \° \° ®, \“ &, O \°\ <
RO ‘}6‘,‘}@&;\&;\“§%“§ Ed
Age
Error bars indicate the 95% uncertainty interval (UI) for rates.

DALYSs rates of T2DM-related CKD in China, 2019

= Male (rate) e Female (rate)

N A A o> “9&?&“0@«“‘«“?@%’@
S O O OIS
O O S A
Age

Error bars indicate the 95% uncertainty interval (Ul) for rates.






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Burden of Diabetes-Related Chronic Kidney Disease in China From 1990 to 2019

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data Source

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Trends and Gender Disparity of Diabetes-Related CKD in China

          



          		

            Trends of Diabetes-Related CKD by Age in China

          



          		

            Burden of Diabetes-Related CKD in China and Neighboring Countries and G20 Countries

          



          		

            Trends in Leading Causes of CKD in China

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-892860-g003.jpg
A Age-standardized Death Rate

=== TIDM == T2DM == Female === Male

iy

‘475 452
3.90 4.7

2

_

¢
5.00

South Korea-1990

L4

(DL(DI( S
3.57 3.20

4.50

China-1990 Japan-1990

China-2019 Japan-2019 South Korea-2019

B Age-standardized DALYs Rate

== TIDM == T2DM == Female == Male

140.11
97.40 94.63 109.79
China-1990 Japan-1990 South Korea-1990
LN N
66.12 82.12
82.96 69.71 83.44
China-2019 Japan-2019 South Korea-2019

o N
Yo

6.74 &7 7.87 6.87 0.98
545

51 678 631 0.57

North Korea-1990 India-1990 Singapore-1990

5.85 &66 524 11.47 0.99
582

Pakistan-1990 Russia-1990

478 452 10.06 0.67
North Korea-2019 India-2019 Singapore-2019 Pakistan-2019 Russia-2019
213.76 13431 ' 189.56 180.6: 39.52
140.84 130.69 150.40 147.90 22.04
North Korea-1990 India-1990 Singapore-1990 Pakistan-1990 Russia-1990
187.46 50.69 ' 119.98 ‘m 36.19
134.34 142.09 98.49 235.83 23.85
North Korea-2019 India-2019 Singapore-2019 Pakistan-2019






OEBPS/Images/table2.jpg
Country All-age DALYs total (thousand) (95%Ul) Age-standardized DALYSs rate per 100K
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1990 Rank 2019 Rank Change 1990 rank 2019 Rank Change
(%) (%)
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217.85) 508.17)
Russia 39.64 (29.94-51.49) " 55.78 (42.33-72.03) 14 40.72 22.04 (16.76-28.21) 18  23.85(18.18-30.47) 17 821
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Country All-age DALYs total (thousand) (95%Ul) Age-standardized DALYs rate per 100K
population (95%UI)

1990 Rank 2019 Rank  Change 1990 rank 2019 Rank  Change
(%) (%)
America 16.99 (12.18-22.68) 9 48.18 (32.80-66.92) 6 183.58 26.14 (18.46-35.16) 11 41.39 (28.42-56.86) 6 58.34
Argentina 11.71 (7.63-1657) 12 17.77 (11.50-25.19) 12 51.78 36.38 (23.70-51.44) 9  85.38(2299-50.31) 7 2.76
Australia 0.81 (0.64-1.06) 19 1.79 (1.20-2.58) 19 120.88 4.34 (3.38-5.73) 19 5.64 (3.79-8.11) 18 29.82
Brazil 44.95 (31.84-59.74) 4 72.08 (49.48-99.56) 5 60.35 37.80 (26.40-50.86) 8 29.19 (20.26-40.00) 8 -22.78
Canada 2.48 (1.68-3.46) 18 2.78 (2.58-5.25) 18 52.02 7.94 (56.38-11.05) 15 7.40 (4.93-10.27) 14 -6.82
China 508.30 (362.79- 1 493.68 (334.38- 2 -2.88 44.90 (31.77-59.83) 4 25.97 (18.30-35.12) 9 -42.15
673.71) 689.36)
England 3.58 (2.41-5.05) g 3.85 (2.60-5.41) 17 7.54 5.78 (3.98-7.95) 18 4.84 (3.32-6.52) 19 -16.31
France 4.26 (2.91-6.19) 16 6.09 (4.20-8.53) 16 43.02 5.95 (4.11-8.52) 17 6.30 (4.25-8.88) 16 5.89
Germany 7.86 (5.04-11.62) 13 10.98 (7.12-16.80) 14 39.65 7.24 (4.80-1047) 16 7.29(491-1032) 15 0.57
India 250.67 (160.05- 2 588.07 (364.10- 1 134.60 39.92 (25.04-59.91) i 44.56 (27.47-67.69) 5 11.61
374.38) 888.58)
Indonesia 168.81 (125.81- 3 253.44 (182.58- 3 50.13 105.63 (77.40- 1 89.51(64.95-119.38) 2 -156.3
217.18) 339.67) 138.28)
ltaly 6.48 (4.31-9.36) 14 6.12 (4.12-8.55) 15 -5.6 8.49 (5.77-11.99) 14 6.06 (4.16-8.29) 17 -25.6
Japan 33.04 (21.50-46.88) 6 29.78 (19.03-42.95) 8 -9.88 20.24 (13.47-28.43) 13 14.52 (9.44-20.69) 18 -28.26
Mexico 31.39 (22.76-41.27) 7 158.54 (101.65- 4 405.05 52.29 (36.55-70.63) 3 122.87 (79.15- 1 135.00
226.77) 175.56)
Russia 36.03 (26.18-49.49) 5 33.06 (23.38-45.94) 7 -8.25 20.88 (15.15-28.50) 12 16.47 (11.89-22.44) 12 -21.11
Saudi 5.35 (3.20-8.32) 15 21.55 (13.29-33.77) 1" 302.58 55.26 (32.39-87.84) 2 57.29 (35.54-89.51) 3 3.67
Arabia
South Africa  12.44 (8.13-18.05) " 25.66 (16.89-37.17) 9 106.35 43.47 (28.75-63.73) 5 46.64 (30.56-67.69) 4 7.28
South 14.21 (10.24-18.62) 10 13.55 (8.91-18.65) 13 -4.64 34.29 (24.06-45.40) 10  16.58 (11.51-22.30) 1 -51.65
Korea
Turkey 19.20 (12.612790) 8  22.02(14.50-31.57) 10 14.14 4224 (26.84-61.95) 6  23.41(15.46-33.42) 10 -44.59

CKD, chronic kidney disease; T1DM, type 1 diabetes; DALYS, disability-adjusted life years; 95% Ul, 95% uncertainty interval.





