
Frontiers in Nutrition 01 frontiersin.org

Systematic analysis of the burden 
of chronic kidney disease due to 
type 2 diabetes attributable to 
dietary risks based on the global 
burden of disease study 2021
Yanli Hou 1†, Lingzhi Qin 1†, Xuting Jin 1, Jiajia Ren 1, Jiamei Li 1, 
Xiaoling Zhang 1, Jingjing Zhang 1, Ruohan Li 1, Ya Gao 1, 
Xiaochuang Wang 1 and Gang Wang 1,2*
1 Department of Critical Care Medicine, The Second Affiliated Hospital of Xi’an Jiaotong University, 
Xi’an, Shaanxi, China, 2 Key Laboratory of Surgical Critical Care and Life Support (Xi’an Jiaotong 
University), Ministry of Education, Xi’an, Shaanxi, China

Background: Dietary factors play a crucial role in the development of chronic 
kidney disease due to diabetes mellitus type 2 (T2D-related CKD). However, 
comprehensive data on the global burden of T2D-related CKD attributable to 
dietary risks remain limited.

Methods: This study conducted a secondary analysis of the Global Burden of 
Diseases, Injuries, and Risk Factors Study 2021. Mortality and disability-adjusted 
life years (DALYs) of T2D-related CKD attributable to dietary risks, stratified by 
sex, age and sociodemographic index (SDI) quantiles, were analyzed in global, 
21 regions, and 204 countries and territories from 1990 to 2021.

Results: In 2021, 79,990 (95% confidence interval [CI]: 32,730–128,880) death 
and 1,999,210 (95% CI: 856,190–3,167,220) DALYs of T2D-related CKD were 
attributable to dietary risk factors, approximately 2.5 times as many as those 
in 1990. The age-standardized mortality rate (ASMR) and age-standardized 
DALY rate (ASDR) grew with an estimated annual percentage change (EAPC) of 
0.76% (95%CI: 0.69–0.83%) and 0.47% (95%CI: 0.41–0.53%). The low SDI regions 
experienced the highest burden of T2D-related CKD attributable to dietary risks, 
with ASMR of 1.16 (95% CI: 0.44–2.02) per 100,000 persons and the ASDR of 
27.41 (95% CI: 11.32–46.78) per 100,000 persons. Males and the elderly over 
70 years demonstrated a higher burden of T2D-related CKD influenced by 
dietary risks. Diet low in fruits, whole grains, and vegetables, as well as diet high 
in red and processed meat serve as the main dietary risks contributed to the 
burden of T2D-related CKD.

Conclusion: Dietary factors play a significant role in the development of T2D-
related CKD. Further strategies should focus on men, the elderly, low-SDI 
regions and specific dietary components to mitigate dietary risks associated 
with T2D-related CKD.
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1 Introduction

In recent decades, Type 2 diabetes mellitus (T2DM) has emerged 
as the tenth leading cause of death globally, with a significant enhance 
in disability burden since 1990 (1). The disease burden in individuals 
with T2DM predominantly stems from diabetes-induced organ 
dysfunction and failure, including kidneys, eyes, and nerves (2), and 
within the spectrum of complications, chronic kidney disease due to 
type 2 diabetes (T2D-related CKD) is identified as the primary driver 
of elevated death rates and disability-adjusted life years (DALYs) 
among T2DM patients with diabetic comorbidities (3, 4). From 1990 
to 2021, there was a significantly increase on T2D-related CKD cases, 
moving from the 49th to the 25th leading cause of death and from the 
103rd to the 55th leading cause of DALYs (5). The burden of 
T2D-related CKD approximately doubled by 2021 compared to 1990, 
accounting for 477,000 deaths and 11.3 million DALYs (6). Although 
the overall burden of T2D-related CKD continued to rise, the trend 
across different countries and regions exhibited notable variations, 
which have suggested gaps in the current status of CKD prevention and 
management capabilities over the world (7). Therefore, accurately 
assessing global trends and risk factors in T2D-related CKD is crucially 
essential. This will facilitate evidence-based resource allocation for 
effective prevention and intervention measures worldwide (8, 9).

Monitoring and managing modifiable risk factors, such as unhealthy 
lifestyle habits, can be a cost-effective approach for the prevention and 
intervention of T2D-related CKD (10). Dietary risks, defined as the 
consumption of food and nutrient, are recognized as potential risk 
factors for T2D-related CKD and offer opportunities for targeted 
intervention (3). Previous researches indicated that high sodium intake 
remained an important dietary risk factor for the global CKD burden, 
particularly in males, the elderly, and the population in the middle 
sociodemographic index (SDI) regions (11–13), which have contributed 
to the ongoing global increase in the burden of CKD. Targeting dietary 
factors in prevention and intervention efforts could effectively reduce 
the burden of CKD (14). Furthermore, substantial evidence exists 
regarding the impact of high red and processed meat consumption and 
inadequate whole grain, fruit, and vegetable intake on T2D-related CKD 
progression (15–20). However, it lacks comprehensive researches to 
definitively establish the relationship between dietary risks and 
T2D-related CKD. Moreover, focusing solely on specific dietary risks 
does not adequately capture the global spatiotemporal patterns of 
dietary influences on the T2D-related CKD burden (21–23). Further 
investigation is necessary to completely evaluate the impact of dietary 
risk factors on the T2D-related CKD burden.

In this context, we conducted a comprehensive analysis of the impact 
of dietary risks on T2D-related CKD by considering seven dietary risk 
factors across 21 Global Burden of Disease (GBD) regions, 5 SDI regions, 
and 204 countries and territories. The objective was aimed to present a 
detailed report of the global landscape of T2D-related CKD attributable 
to seven dietary risk factors, enhancing a deeper understanding of the 
role of dietary risks in terms of mortality and disability.

2 Methods

2.1 Data source and measures of burden

Data on the burden of T2D-related CKD attributable to dietary 
risks utilized in this study were obtained from the Global Burden 

of Diseases, Injuries, and Risk Factors Study 2021 (GBD 2021) (24). 
The GBD 2021 study provides a comprehensive and up-to-date 
estimation of the epidemiology of diseases, injuries and risk factors 
across different sexes and age groups. It covers 204 countries and 
territories, including 371 diseases and injuries across 21 regions, 
and leverages 328,938 data sources from 1990 to 2021. Details about 
the study design and methods of GBD studies have been extensively 
described in existing GBD literature (1, 11). Data from the GBD 
studies are publicly accessible and can be analyzed using the Global 
Health Data Exchange query tool.

2.2 T2D-related CKD

According to the GBD Study 2021 guidelines, diabetes is 
defined as a fasting blood glucose concentration of ≥126 mg/dL 
(7 mmol/L) or diabetes treatment reported (25). T2D-related 
CKD is defined as chronic kidney disease resulting from T2DM, 
characterized by a progressive decline in kidney function over a 
period of 3 months or more. It is primarily identified by an 
urinary albumin-to-creatinine ratio of ≥30 mg/g and/or an 
estimated glomerular filtration rate (eGFR) of <60 mL/min per 
1.73 m2 (26).

2.3 Dietary risk factors

In GBD 2021, risk factors were categorized as behavioral, 
environmental and occupational, and metabolic. Dietary risks 
belong to behavioral risks. For the burden of T2D-related CKD, 
data on seven specific dietary risk factors were gathered: a diet low 
in fruits, vegetables, whole grains, and high in red meat, processed 
meat, sodium, and sugar-sweetened beverages. To address specific 
biases in data sources for estimating nutrient intake, GBD 2021 
employed a network meta-regression (MR-BRT) approach to adjust 
data from various methods, aligning them with those from gold 
standard methods (27). Data for dietary risk factors were obtained 
from a 24-h dietary recall survey, which reported food and nutrient 
consumption in grams per individual per day (14). The exposure 
estimates for each dietary risk, representing the average intake in 
grams per person per day for each nutrient, were modeled by age, 
sex, year, and location using a spatiotemporal Gaussian process 
regression (ST-GPR) frame work (28, 29). Detailed methodological 
specifications regarding MR-BRT and ST-GPR are provided in 
Supplementary material 1.

2.4 Socio-demographic index

SDI is regarded as a composite indicator of background social 
and economic conditions that influence health outcomes in each 
location, and a higher SDI indicates a better socioeconomic 
condition, which was calculated from the indices of total fertility 
rate for women under 25 years, average years of schooling for 
individuals aged 15 and older, and lag-distributed income per 
capita. The 204 countries and regions were categorized into five 
super-regions (high, high-middle, middle, low-middle, and low 
levels) (30, 31) based on the SDI. Furthermore, the world was 
further categorized into 21 geographic regions.
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2.5 Statistical analyses

To evaluate the burden of T2D-related CKD associated with dietary 
risk factors, we utilized variables such as the number of deaths, DALYs, 
and their age-standardized rates (ASRs) to analyze among different 
groups by sex, age, year, location. Temporal changes in age-standardized 
mortality and DALY rates of T2D-related CKD attributable to dietary 
factors from 1990 to 2021 were analyzed using estimated annual 
percentage changes (EAPC). It was assumed that the natural logarithm 
of ASR follows a linear trend over time. Therefore, the EAPC was 
calculated using the formula: ASR = α + β × year + ε. The EAPC and its 
95% confidence interval (CI) were derived from the formula: 
100 × (exp(β) − 1). A linear regression analysis was conducted to 
explore the relationship between ASR, EAPC in ASR and SDI values, 
which were evaluated using Spearman’s rank correlation tests and 
visualized with Locally Weighted Scatterplot Smoothing (LOWESS) 
curves. All statistical analyses were performed using R software (version 
4.0.3). A p value of less than 0.05 was regarded as statistically significant.

3 Results

3.1 Global trend in T2D-related CKD 
burden attributable to dietary risk factors

From 1990 to 2021, ASMR and ASDR of T2D-related CKD 
attributable to dietary risk factors in global have increased by 
more than 2.5 times, exhibiting fluctuations but showing an 
overall upward trend (Figures 1A,B). In 2021, the global number 
of death and DALYs in T2D-related CKD attributable to dietary 
risks were estimated at 79,990 (95% CI: 32,730–128,880) and 
1,999,210 (95% CI: 856,190–3,167,220) (Tables 1, 2). Global 
ASMR attributed to dietary risk factors in T2D-related CKD 
increased from 0.78 (95% CI: 0.31–1.23) per 100,000 persons in 
1990 to 0.96 (95% CI: 0.40–1.54) per 100,000 persons in 2021 
(Table 1), while the ASDR rose from 20.55 (95% CI: 8.42–32.26) 
per 100,000 persons in 1990 to 23.21 (95% CI: 9.95–36.61) per 
100,000 persons in 2021 (Table  2). Furthermore, the overall 

burden of T2D-related CKD was on the rise. From 1990 to 2021, 
the EAPC of global ASMR and ASDR in T2D-related CKD 
attributed to dietary risk factors showed a gradual increase, with 
EAPCs of 0.76% (95% CI: 0.69–0.83%) and 0.47% (95% CI: 0.41–
0.53%) for ASMR and ASDR, respectively (Tables 1, 2). Similar 
trends were observed across genders.

3.2 The burden of T2D-related CKD 
attributable to dietary risk factors by SDI 
levels

At different SDI regional levels, high-middle SDI regions exhibited 
the lowest ASMR and ASDR for T2D-related CKD attributable to 
dietary risks, whereas low SDI regions had the highest ASMR and 
ASDR from 1990 to 2021. In 2021, the ASMR in high-middle SDI 
regions was 0.59 (95% CI: 0.24–0.97) per 100,000 persons, compared 
to 1.16 (95% CI: 0.44–2.02) per 100,000 persons in low SDI regions 
(Figure 2A; Table 1). The ASDR was 14.70 (95% CI: 5.96–23.77) per 
100,000 persons in the high-middle SDI regions and 27.41 (95% CI: 
11.32–46.78) per 100,000 persons in the low SDI regions (Figure 2B; 
Table  2). From 1990 to 2021, the ASMR of T2D-related CKD 
attributable to dietary risks generally showed an increasing trend 
across different SDI regions, with a highest EAPC in high SDI regions 
of 1.45% (95% CI: 1.36–1.54%) (Figure 2B; Table 1). Notably, the high 
SDI regions also experienced maximal increase in the ASDR, with an 
EAPC of 1.05% (95% CI: 0.97–1.13%), while the trend of high-middle 
and low SDI regions decreased (Figures 2A,B; Tables 1, 2). Detailed 
data on ASMR, ASDR and the EAPCs for T2D-related CKD 
attributable to dietary risks in various regions in 1990 and 2021, are 
presented in Figure 2 and Tables 1, 2.

3.3 Location burden in T2D-related CKD 
attributable to dietary risks

At the regional and national levels, the burden of T2D-related 
CKD attributable to dietary factors exhibited substantial 

FIGURE 1

Burden of chronic kidney disease due to type 2 diabetes attributable to dietary risks by sex from 1990 to 2021. Age-standardized deaths (A) and DALYs 
(B) rate of chronic kidney disease due to type 2 diabetes attributable to dietary risks. DALYs, disability-adjusted life years.
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heterogeneity. In 2021, the East Asia region reported the highest 
burden of T2D-related CKD, with deaths of 16,120 (95% CI: 
5,180–28,750) per 100,000 persons and DALYs of 396,710 (95%CI: 
123,410–701,900) (Tables 1, 2). The top three regions with the 
highest ASMR in 2021 were Andean Latin America (2.01, 95%CI: 
0.73–3.63 per 100,000 persons), Eastern Sub-Saharan Africa 
(1.99, 95%CI: 0.81–3.37 per 100,000 persons), and High-income 
North America (1.90, 95% CI: 0.71–2.91 per 100,000 persons) 
(Figure 3A; Table 1). And the regions with the highest ASDR in 
2021 were High-income North America (47.82, 95% CI: 17.94–
73.13 per 100,000 persons), Central Latin America (44.94, 95% 

CI: 20.14–71.41 per 100,000 persons), and Andean Latin America 
(43.69, 95% CI: 16.77–76.52 per 100,000 persons) (Figure  3B; 
Table 2). Among all countries, American Samoa bear the heaviest 
burden of T2D-related CKD attributable to dietary factors 
(Supplementary Figure 1). In 2021, the ASMR and ASDR were 
6.66 (95% CI: 2.00–12.21) per 100,000 persons and 140.02  
(95% CI: 43.91–257.50) per 100,000 persons, respectively 
(Supplementary Tables 1, 2).

From 1990 to 2021, the region with the most pronounced increase 
in the burden of T2D-related CKD attributable to dietary risks was 
High-income North America, with an EAPCs of 3.18% (95% CI: 

TABLE 1 Deaths and ASMR of T2D-related CKD burden attributable to dietary risk factors in 1990 and 2021 and the temporal trends from 1990 to 2021.

Characteristics Death cases, No. ×103 (95% CI) ASMR per 100,000 people (95% 
CI)

EAPC of ASMR, % 
(95% CI)

1990 2021 1990 2021 1990–2021

Global 27.23 (11.10–42.89) 79.99 (32.73–128.88) 0.78 (0.31–1.23) 0.96 (0.40–1.54) 0.76 (0.69–0.83)

Sex

  Male 13.11 (5.27–21.57) 39.19 (16.13–64.11) 0.87 (0.35–1.42) 1.07 (0.44–1.75) 0.77 (0.72–0.82)

  Female 14.12 (5.83–22.25) 40.80 (16.96–65.21) 0.71 (0.29–1.14) 0.87 (0.36–1.39) 0.70 (0.60–0.79)

SDI groups

  High SDI 7.83 (3.58–11.80) 24.87 (10.72–38.33) 0.70 (0.32–1.07) 1.06 (0.45–1.61) 1.45 (1.36–1.54)

  High-middle SDI 4.89 (1.86–8.06) 11.43 (4.58–18.95) 0.57 (0.22–0.93) 0.59 (0.24–0.97) 0.11 (0.04–0.18)

  Middle SDI 7.92 (2.95–13.16) 25.47 (9.85–42.81) 0.94 (0.35–1.59) 1.03 (0.40–1.73) 0.42 (0.36–0.47)

  Low-middle SDI 4.35 (1.72–7.19) 13.26 (5.43–22.59) 0.84 (0.32–1.40) 1.01 (0.41–1.72) 0.68 (0.65–0.72)

  Low SDI 2.20 (0.89–3.66) 4.89 (1.97–8.49) 1.15 (0.46–1.92) 1.16 (0.44–2.02) 0.00 (−0.05 to 0.05)

GBD region

  East Asia 6.16 (1.84–10.78) 16.12 (5.18–28.75) 0.95 (0.30–1.67) 0.82 (0.26–1.43) −0.57 (−0.70 to −0.44)

  Southeast Asia 1.68 (0.52–3.13) 5.23 (1.55–10.12) 0.79 (0.25–1.48) 0.90 (0.27–1.74) 0.53 (0.48–0.58)

  Oceania 0.03 (0.01–0.05) 0.08 (0.03–0.15) 1.13 (0.32–2.10) 1.38 (0.43–2.50) 0.56 (0.47–0.66)

  Central Asia 0.10 (0.05–0.16) 0.31 (0.15–0.48) 0.22 (0.11–0.35) 0.41 (0.20–0.64) 1.34 (0.86–1.82)

  Central Europe 0.49 (0.23–0.77) 0.68 (0.31–1.12) 0.35 (0.16–0.54) 0.29 (0.13–0.47) −0.55 (−0.80 to −0.30)

  Eastern Europe 0.48 (0.20–0.73) 0.90 (0.43–1.41) 0.17 (0.07–0.26) 0.25 (0.12–0.39) 0.81 (0.37–1.26)

  High-income Asia Pacific 2.41 (1.22–3.57) 5.56 (2.41–8.76) 1.34 (0.68–1.99) 0.86 (0.37–1.31) −1.54 (−1.65 to −1.43)

  Australasia 0.04 (0.02–0.06) 0.14 (0.06–0.25) 0.18 (0.08–0.29) 0.24 (0.10–0.41) 1.68 (1.22–2.14)

  Western Europe 2.79 (1.26–4.41) 5.75 (2.55–9.58) 0.46 (0.20–0.75) 0.46 (0.20–0.75) 0.46 (0.22–0.69)

  Southern Latin America 0.63 (0.23–1.09) 1.00 (0.4–1.66) 1.44 (0.52–2.47) 1.11 (0.44–1.84) −0.47 (−0.85 to −0.09)

  High-income North America 2.67 (1.11–4.16) 12.93 (4.94–19.98) 0.74 (0.31–1.15) 1.90 (0.71–2.91) 3.18 (2.91–3.46)

  Caribbean 0.32 (0.13–0.53) 0.92 (0.40–1.60) 1.32 (0.52–2.20) 1.70 (0.74–2.95) 1.37 (1.17–1.57)

  Andean Latin America 0.29 (0.10–0.51) 1.15 (0.42–2.08) 1.55 (0.51–2.77) 2.01 (0.73–3.63) 0.95 (0.76–1.14)

  Central Latin America 0.84 (0.36–1.41) 4.39 (1.89–7.26) 1.17 (0.49–1.99) 1.79 (0.76–2.97) 2.03 (1.51–2.55)

  Tropical Latin America 1.09 (0.46–1.76) 3.94 (1.67–6.32) 1.38 (0.57–2.25) 1.57 (0.66–2.52) 0.40 (0.17–0.63)

  North Africa and Middle East 1.23 (0.46–2.19) 3.01 (1.15–5.15) 0.86 (0.32–1.54) 0.73 (0.28–1.24) −0.53 (−0.67 to −0.39)

  South Asia 3.89 (1.62–6.62) 13.04 (5.23–23.15) 0.79 (0.32–1.34) 0.96 (0.37–1.68) 0.62 (0.53–0.71)

  Central Sub-Saharan Africa 0.29 (0.10–0.50) 0.59 (0.21–1.07) 1.59 (0.55–2.76) 1.37 (0.45–2.54) −0.76 (−0.87 to −0.66)

  Eastern Sub-Saharan Africa 1.12 (0.45–1.96) 2.63 (1.11–4.47) 1.81 (0.70–3.15) 1.99 (0.81–3.37) 0.18 (0.13–0.23)

  Southern Sub-Saharan Africa 0.12 (0.05–0.22) 0.34 (0.14–0.59) 0.52 (0.19–0.93) 0.67 (0.26–1.19) 1.27 (0.95–1.59)

  Western Sub-Saharan Africa 0.58 (0.19–1.02) 1.24 (0.44–2.15) 0.80 (0.26–1.41) 0.77 (0.27–1.33) −0.21 (−0.30 to −0.13)

ASMR, age-standardized mortality rate; T2D-related CKD, chronic kidney disease due to diabetes mellitus type 2; EAPC, estimated annual percentage change; CI, uncertainty interval; CI, 
confidence interval; SDI, socio-demographic index; GBD, Global Burden of Disease.
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2.91–3.46%) and 2.53% (95% CI: 2.30–2.77%) in ASMR and ASDR, 
respectively. In contrast, the region with the largest decrease was 
High-income Asia Pacific, with EAPCs of −1.54% (95% CI: −1.65% 
to −1.43%) and −1.37% (95% CI: −1.51% to −1.23%) in ASMR and 
ASDR, respectively (Figures 3A,B; Tables 1, 2). Among individual 
countries, Ukraine exhibited the highest increase in ASMR, with an 
EAPC of 12.82% (95% CI: 10.80–14.87%) (Figure  3C; 
Supplementary Table  1), while American Samoa had the highest 
growth trend in the ASDR, with an EAPC of 3.46% (95% CI: 

3.20–3.73%) (Figure 3D; Supplementary Table 2). Detailed data on 
EAPCs for ASMR and ASDR are presented in Figure 3 and Tables 1, 2.

We analyzed the correlation between the burdens of T2D-related 
CKD attributable to dietary risks and SDI levels. In 2021, ASMR and 
ASDR were negatively correlated with SDI, with coefficients of 
R = −0.34 (p < 0.05) and R = −0.36 (p < 0.05), respectively 
(Figures  3A,B). From 1990 to 2021, the EAPC of ASMR across 
countries and regions was positively correlated with SDI, yielding a 
coefficient of 0.18 (p = 0.009). Whereas the EAPC of ASDR did not 

TABLE 2 DALYs and ASDR of T2D-related CKD burden attributable to dietary risk factors in 1990 and 2021 and the temporal trends from 1990 to 2021.

Characteristics DALY cases, No. ×103 (95% CI) ASDR per 100,000 people (95% 
CI)

EAPC of ASDR, % 
(95% CI)

1990 2021 1990 2021 1990–2021

Global 798.26 (322.75–1,247.38)
1,999.21 (856.19–

3,167.22)
20.55 (8.42–32.26) 23.21 (9.95–36.61) 0.47 (0.41–0.53)

Sex

  Male 397.11 (162.06–642.07)
1,018.88 (430.05–

1,628.74)
22.45 (9.26–36.27) 25.49 (10.72–40.90) 0.53 (0.48–0.58)

  Female 401.15 (162.17–633.67) 980.33 (421.04–1,545.52) 19.06 (7.76–30.00) 21.24 (9.13–33.47) 0.37 (0.30–0.45)

SDI groups

  High SDI 219.66 (102.02–333.64) 541.20 (234.39–830.25) 19.92 (9.21–30.27) 26.48 (11.50–40.29) 1.05 (0.97–1.13)

  High-middle SDI 155.75 (62.29–245.39) 289.16 (117.29–466.91) 16.11 (6.39–25.55) 14.70 (5.96–23.77) −0.30 (−0.36 to −0.24)

  Middle SDI 229.50 (84.92–377.62) 656.54 (265.08–1,054.87) 22.81 (8.40–37.40) 24.46 (9.87–39.17) 0.34 (0.27–0.40)

  Low-middle SDI 129.91 (51.28–208.95) 374.36 (156.64–628.27) 21.66 (8.39–35.07) 25.88 (10.81–43.48) 0.66 (0.62–0.70)

  Low SDI 62.65 (24.92–103.25) 136.37 (56.00–233.05) 28.19 (11.42–46.20) 27.41 (11.32–46.78) −0.13 (−0.16 to −0.10)

GBD region

  East Asia 175.25 (50.36–311.38) 396.71 (123.41–701.90) 21.51 (6.33–37.83) 18.46 (5.75–32.68) −0.45 (−0.59 to −0.31)

  Southeast Asia 47.64 (14.38–84.81) 140.94 (44.68–259.24) 19.28 (6.13–34.36) 21.51 (6.85–39.70) 0.47 (0.41–0.52)

  Oceania 0.86 (0.22–1.57) 2.40 (0.77–4.38) 28.15 (7.59–51.39) 31.79 (9.99–57.16) 0.33 (0.25–0.41)

  Central Asia 7.36 (3.71–11.22) 14.22 (7.16–21.36) 15.57 (7.85–23.69) 16.80 (8.37–25.05) −0.09 (−0.34 to 0.17)

  Central Europe 17.85 (9.01–26.58) 21.05 (10.85–33.16) 11.99 (6.10–18.00) 9.62 (4.95–15.10) −0.58 (−0.70 to −0.45)

  Eastern Europe 30.71 (14.09–45.58) 31.97 (15.91–48.33) 10.99 (5.08–16.43) 9.00 (4.48–13.60) −1.11 (−1.28 to −0.94)

  High-income Asia Pacific 57.08 (29.92–84.08) 96.93 (43.80–145.72) 29.20 (15.28–43.02) 18.93 (8.98–28.32) −1.37 (−1.51 to −1.23)

  Australasia 1.73 (0.80–2.64) 4.36 (1.94–6.89) 7.47 (3.44–11.52) 8.37 (3.70–13.03) 0.60 (0.35–0.84)

  Western Europe 81.56 (37.21–126.68) 117.70 (52.84–183.08) 14.04 (6.41–21.64) 11.89 (5.35–18.39) −0.37 (−0.47 to −0.26)

  Southern Latin America 14.94 (5.54–24.53) 21.15 (8.61–33.75) 32.57 (12.21–53.52) 24.26 (9.93–39.12) −0.61 (−0.92 to −0.30)

  High-income North America 79.22 (31.92–122.66) 298.15 (114.21–458.53) 23.00 (9.35–35.74) 47.82 (17.94–73.13) 2.53 (2.30–2.77)

  Caribbean 8.11 (3.35–13.08) 21.57 (9.69–36.12) 31.48 (12.93–50.63) 39.96 (18.02–66.79) 1.28 (1.11–1.45)

  Andean Latin America 6.71 (2.27–11.72) 25.76 (9.99–45.11) 33.58 (11.37–58.71) 43.69 (16.77–76.52) 0.95 (0.76–1.15)

  Central Latin America 23.58 (10.20–37.51) 114.05 (51.69–183.13) 28.83 (12.59–46.01) 44.94 (20.14–71.41) 1.97 (1.48–2.45)

  Tropical Latin America 31.21 (13.63–49.49) 95.99 (41.54–153.25) 34.39 (14.81–54.83) 37.19 (16.04–59.24) 0.15 (−0.09 to 0.38)

  North Africa and Middle East 34.32 (13.05–59.04) 84.42 (31.87–141.58) 20.37 (7.78–35.35) 17.65 (6.78–29.90) −0.48 (−0.55 to −0.41)

  South Asia 121.19 (49.98–198.22) 377.97 (158.41–645.46) 21.25 (8.66–34.94) 25.33 (10.52–43.10) 0.61 (0.53–0.68)

  Central Sub-Saharan Africa 8.48 (3.19–14.39) 17.81 (6.61–31.90) 38.50 (14.00–65.95) 32.62 (11.15–58.23) −0.80 (−0.89 to −0.70)

  Eastern Sub-Saharan Africa 28.03 (11.33–48.86) 63.95 (27.42–109.06) 39.33 (15.91–69.14) 40.98 (17.42–69.45) 0.00 (−0.05 to 0.05)

  Southern Sub-Saharan Africa 4.62 (1.80–7.91) 11.66 (4.88–19.76) 16.67 (6.45–29.41) 19.57 (8.21–33.40) 0.78 (0.54–1.02)

  Western Sub-Saharan Africa 17.81 (5.88–31.26) 40.44 (15.57–67.10) 20.69 (6.80–35.96) 20.18 (7.41–33.81) −0.10 (−0.16 to −0.04)

T2D-related CKD, chronic kidney disease due to diabetes mellitus type 2; ASDR, Age-standardized DALY rate; DALY, disability-adjusted life year; CI, confidence interval; EAPC, estimated 
annual percentage change; SDI, socio-demographic index; GBD, Global Burden of Disease.
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FIGURE 2

Burden of chronic kidney disease due to type 2 diabetes attributable to dietary risks with different SDI levels from 1990 to 2021. AMSR (A) and age-
standardized DALYs rate (B) of T2D-related CKD attributable to dietary risks. SDI, Socio-demographic Index; ASMR, age-standardized mortality rate; 
DALYs, disability-adjusted life years; T2D-related CKD, chronic kidney disease due to type 2 diabetes.

FIGURE 3

Location burden of chronic kidney disease due to type 2 diabetes attributable to dietary risks with different SDI levels. Correlation between ASMR (A) or 
ASDR (B) and countries of T2D-related CKD attributable to dietary risks in 2021. Correlation between EAPC of ASMR (C) or ASDR (D) and countries of 
T2D-related CKD attributable to dietary risks attributable to dietary risks from 1990 to 2021. Every dot represented a country or territory and its color 
implied the region that the country or territory located. SDI, Socio-demographic Index; ASMR, age-standardized mortality rate; ASDR, age-
standardized DALYs rate; DALYs, disability-adjusted life years; T2D-related CKD, chronic kidney disease due to type 2 diabetes; EAPC, estimated annual 
percentage change; ASDR, age-standardized disability-adjusted life years rate.
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show significant correlation with SDI level (R = 0.028, p = 0.69) 
(Figure 3D).

3.4 Burden of T2D-related CKD attributable 
to dietary risk in different sexes and age 
groups

From 1990 to 2021, both sexes exhibited upward trends consistent 
with the overall population. However, the burden of T2D-related CKD 
remained consistently higher in males compared to females. ASMR 
for males increased from 0.87 (95% CI: 0.35–1.42) per 100,000 persons 
in 1990 to 1.07 (95% CI: 0.44–1.75) per 100,000 persons in 2021, and 
for females, it rose from 0.71 (95% CI: 0.29–1.14) per 100,000 persons 
to 0.87 (95% CI: 0.36–1.39) per 100,000 persons over the same period 
(Table 1; Figure 1A). ASDR for males increased from 22.45 (95% CI: 
9.26–36.27) to 25.49 (95% CI: 10.72–40.90) per 100,000 persons, and 
for females, from 19.06 (95% CI: 7.76–30.00) in 1990 to 21.24 (95% 
CI: 9.13–33.47) per 100,000 persons in 2021, respectively, resulting in 
a male-to-female ratio of approximately 1.2 (Figure 1B; Table 2). The 
EAPC for ASMR was 0.77% (95% CI: 0.72–0.82%) for males and 
0.70% (95% CI: 0.60–0.79%) for females, and the EAPC for DALY was 
0.53% (95% CI: 0.48–0.58%) and 0.37% (95% CI: 0.30–0.45%), 
respectively (Tables 1, 2). Male mortality and DALY rates in 
T2D-related CKD attributable to dietary risks were consistently higher 
across all age groups compared to females (Supplementary Figure 3). 
In 2021, the mortality and DALY rates in T2D-related CKD 
attributable to dietary risks peaked among males and females aged 
>80 years (Figures 4A,B), particularly concentrated in the age group 
>70 years, showing a sharp upward trend.

3.5 Detailed dietary risk factors contributed 
to the burden of T2D-related CKD

Globally, the top four dietary risk factors contributed to ASMR 
and ASDR related to T2D-related CKD were as follows: diet low in 
whole fruits, diet low in whole grains, diet high in processed meat, and 

diet high in red meat (Figures 4A,B; Table 3). Thereinto, diet low in 
fruits demonstrated the highest contribution, with an ASMR of 0.26 
(95% CI: 0.09–0.48) per 100,000 persons and an ASDR of 6.54 (95% 
CI: 2.42–11.73) per 100,000 persons in 2021. From 1990 to 2021, the 
burden of all detailed dietary factors exhibited a significant upward 
trend and diet high in sugar-sweetened beverages had the highest 
growth rate, with an EAPC of 3.78% (95% CI: 3.66–3.89%) for ASMR 
and 3.25% (95% CI: 3.15–3.35%) for the ASDR (Table 3). The ASMR 
and ASDR of diet-induced T2D-related CKD attributable to these four 
dietary factors collectively exceed 80% (Supplementary Figure 2). 
Regardless of the specific detailed dietary factors, ASMR and ASDR 
were consistently higher in males than females (Figures 4A,B). At the 
SDI level, the attribution of ASMR and ASDR to detailed dietary 
factors showed a general similarity, yet high SDI regions exhibited a 
greater attribution to diet high in processed meat (Figure  5). 
Conversely, in low-middle and low SDI regions, the leading specific 
dietary risk factors that contributed to T2D-related CKD ranked as 
follows: diet low in whole fruits, diet low in vegetables, diet low in 
whole grains, and diet high in processed meat and red meat, 
emphasizing insufficient intake of healthy foods as a primary dietary 
risk (Figure 5). Globally, from 1990 to 2021, there was a consistent 
slow upward trend observed in both ASMR and ASDR. Diet low in 
whole fruits, diet low in whole grains, and diet high in processed meat 
and red meat consistently remained the predominant specific dietary 
risk factors contributing to T2D-related CKD (Supplementary  
Figure 2).

4 Discussion

Our analysis, for the first time, has provided a comprehensive 
overview of the global burden of T2D-related CKD attributable to 
detailed dietary risks in different sex, age and location groups from 
1990 to 2021. Based on GBD 2021, this study revealed a consistent 
increase in the burden of T2D-related CKD over the past 30 years, 
with a notable contribution from dietary risk factors such as low fruit 
and whole grains intake, and high consumption of red and processed 
meats, particularly in males, the elderly, and the population in the low 

FIGURE 4

Chronic kidney disease due to type 2 diabetes attributable to dietary risk in different age groups in 2021. Mortality (A) and DALY (B) rates of chronic 
kidney disease due to diabetes mellitus. DALY, disability-adjusted life year.
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TABLE 3 Detailed dietary factors burden of T2D-related CKD attributable to dietary risks in 1990 and 2021, and the estimated annual percentage 
changes of death and DALY from 1990 to 2021.

Dietary risk Age-standardized death and DALY rate per 100,000 
people (95% CI)

EAPC of dietary risk, % (95% 
CI)

1990 2021 1990–2021

Death

Diet low in whole grains 0.12 (0.03–0.21) 0.21 (0.06–0.38) 1.88 (1.84–1.92)

Diet high in sodium 0.04 (0.00–0.14) 0.08 (0.00–0.32) 2.08 (1.98–2.18)

Diet low in fruits 0.15 (0.05–0.27) 0.26 (0.09–0.48) 1.74 (1.70–1.79)

Diet low in vegetables 0.08 (0.02–0.17) 0.14 (0.04–0.32) 2.07 (1.99–2.14)

Diet high in processed meat 0.08 (0.02–0.15) 0.18 (0.05–0.31) 2.75 (2.64–2.86)

Diet high in sugar-sweetened beverages 0.02 (0.01–0.03) 0.06 (0.03–0.09) 3.78 (3.66–3.89)

Diet high in red meat 0.08 (0.00–0.18) 0.18 (0.00–0.39) 2.83 (2.76–2.91)

DALY

Diet low in whole grains 3.49 (0.92–6.29) 5.30 (1.37–9.59) 1.41 (1.37–1.46)

Diet high in sodium 1.07 (0.07–3.89) 1.87 (0.04–7.59) 1.71 (1.61–1.82)

Diet low in fruits 4.40 (1.64–7.74) 6.54 (2.42–11.73) 1.27 (1.23–1.31)

Diet low in vegetables 2.15 (0.53–4.41) 3.43 (0.91–7.51) 1.59 (1.50–1.69)

Diet high in processed meat 2.81 (0.72–5.00) 4.77 (1.21–8.29) 1.91 (1.81–2.01)

Diet high in sugar-sweetened beverages 0.67 (0.34–1.04) 1.69 (0.87–2.57) 3.25 (3.15–3.35)

Diet high in red meat 2.44 (0.00–5.16) 4.56 (0.00–9.80) 2.24 (2.16–2.32)

T2D-related CKD, chronic kidney disease due to diabetes mellitus type 2; DALY, disability-adjusted life year; CI, confidence interval; EAPC, estimated annual percentage change.

SDI regions. Our systematic analysis of T2D-related CKD attributable 
to dietary risks revealed a significant lack of awareness regarding the 
potential dangers of unhealthy dietary components in most countries. 
These findings provide valuable insights for the development of future 
food policies and programs that are flexible, integrated, and tailored 
to specific genders, age and geographic regions.

Over the past three decades, mortality and DALYs associated with 
T2D-related CKD attributable to dietary risks have increased 
significantly. Among these dietary risks, high sugar-sweetened 

beverage (SSBs) has the steepest increase in attributable burden 
globally from 1990 to 2021, which have been implicated in stimulating 
reward signals and contributing to ‘food addiction’, due to their rapid 
absorption and delivery of simple carbohydrates to the central nervous 
system (32). This rapid growth likely stems from widespread 
urbanization and economic development, which has increased the 
availability of SSBs, ultimately driving a global rise in sugar-sweetened 
beverage consumption (33). In addition, diet low in fruits, vegetables, 
and whole grains, alongside diet high in red and processed meats were 

FIGURE 5

The detailed dietary risks burden for chronic kidney disease due to type 2 diabetes by sex with different SDI levels in 2021. ASMR (A) and ASDR (B) of 
detailed dietary risks factor of T2D-related CKD. SDI, Socio-demographic Index; ASMR, age-standardized mortality rate; DALY, disability-adjusted life 
years; T2D-related CKD, chronic kidney disease due to type 2 diabetes; ASDR, age-standardized disability-adjusted life years rate.
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also increased in attributable T2D-related CKD burden globally from 
1990 to 2021. Despite the proposal of various dietary intervention 
measures, including mass media campaigns, food and menu labeling, 
food pricing strategies (subsidies and taxes), school procurement 
policies, and workplace wellness programs (34, 35), the efficacy of 
most of these interventions falls to achieve the levels required for 
optimal global diets (36–38). It is important that inexpensive, 
unhealthy ultra-processed foods face little taxation, while even when 
nutrition labels are understood, individuals have little incentive to opt 
for healthier alternatives (39, 40). Hence, our findings substantively 
align with the urgent imperatives outlined in Sustainable Development 
Goal 2 (41), emphasizing dietary risks are indeed crucial 
considerations in the management of future disease burden. Notably, 
American Samoa in Oceania shows the highest ASMR and 
age-standardized DALY rates attributable to dietary risks. This could 
be attributed to the higher prevalence of type 2 diabetes and kidney 
damage associated with filariasis in this region (42, 43). However, it 
does not directly indicate a correlation between diet and the high 
burden of T2D-related CKD in the region, and further research is 
needed to clarify this association in the aspect of cultural dietary 
norms, health access, or genetic susceptibility.

Different SDI regions exhibit divergent epidemiological patterns 
in dietary contributors to T2D-related CKD, with the most 
significantly increase observed in high SDI regions from 1990 to 2021. 
With sound medical systems, adequate medical resources and aging 
populations, T2D-related CKD patients are more likely to be reported 
in high SDI regions. Meanwhile, this can be  explained by high 
excessive consumption of red and processed meat, leading to 
significant renal damage due to high concentrations of preservatives 
and other additives (44). Additionally, processed meat served as a 
primary source of dietary sodium (45), which has been proven to 
be  significantly detrimental to T2D-related CKD, along with 
associations with the elevated blood pressure, proteinuria, obesity, 
insulin resistance, and metabolic syndrome (36). Our study has also 
revealed that low SDI regions consistently experience the highest 
disease burden due to dietary risks, as evidenced by the highest ASMR 
and ASDR from 1990 to 2021. In these regions, diets low in whole 
grains, vegetables, and fruits are identified as top three dietary risk 
factors, but high sugar-sweetened beverage has the lowest impact for 
T2D-related CKD. Other contributing factors included food security, 
unavailability of affordable whole grains, and insufficient public 
awareness on healthy dietary. The accessibility of cheap, ultra-
processed foods, and unhealthy fats, coupled with the high cost of 
fresh fruits and vegetables, jointly contribute to the diet-related disease 
burden in low-SDI regions (46–49). Future intervention measures for 
reducing T2D-related CKD need to take into account the differences 
in dietary structure among regions.

Our study also found that from 1990 to 2021, the burden of 
T2D-related CKD attributable to dietary risks remained consistently 
higher in males compared to females across all age groups. Previous 
evidence indicated that hyperpalatable foods characterized by high 
salt content exhibited stronger addictive properties in male consumers, 
whereas females demonstrate greater dietary adherence to fruits and 
vegetables (50, 51). Our results also observed high greater red meat or 
sodium intake and lower fruits or grains among men globally. In 
addition, diagnostic criteria may also contribute to the imbalance of 
T2D-related CKD burden in between sexes. Clinical practice often 
employs a fixed body surface area (BSA) for GFR estimation, assuming 

equal kidney size between males and females (52). However, male 
kidneys tend to have larger volumes than female kidneys in reality 
(53). Even formulas like the CKD-EPI equation that incorporate 
gender as a variable tend to underestimated, GFR in males tends to 
be overestimated (54). This discrepancy suggests that the true burden 
of T2D-related CKD may be  more severe in males compared 
to females.

From 1990 to 2021, the burden of T2D-related CKD was 
predominantly concentrated in individuals aged 70 and above. 
We observed an increasing trend in the burden of T2D-related CKD 
attributable to dietary risks with advancing age, especially in females. 
Given the longer life expectancy of females, consideration should 
be given to the natural decline in renal function among elderly women 
(55), which may have implications for their health outcomes. 
Moreover, it is believed that the protective effects of endogenous 
estrogen on renal function and structure contribute to the differences 
in T2D-related CKD prevalence between pre-menopausal and post-
menopausal age groups (56). However, the average age of menopause 
is considered to be around 50 years (57), which does not align with 
the burden of T2D-related CKD being predominantly concentrated 
in individuals aged 70 and above in this study. This discrepancy may 
be explained by the slow progression of CKD (58).

This study still has certain limitations. The research data is derived 
from the GBD database, where the epidemiological evidence of causal 
relationships between dietary risks and disease endpoints largely 
comes from observational studies, which typically have weaker 
evidence strength compared to randomized controlled trials. 
Furthermore, data on various dietary risk factors originate from 
different sources and may not necessarily adhere to uniform 
assessment standards, which contribute to statistical uncertainties in 
our estimates of dietary risk exposure. Additionally, when estimating 
the dietary burden of T2D-related CKD, dietary factors are assumed 
to be independently distributed across each analytic unit. However, 
processed meat consumption often correlates with low fruit intake, 
which may oversimplify real-world dietary patterns. Finally, CKD 
staging significantly impacts the analysis of T2D-related CKD burden 
attributable to dietary risk factors, but there is a paucity of such data 
in the GBD database. These will require us to conduct newer, region-
specific cohort studies or dietary assessments with sensitivity analysis 
or co-linearity in the future to verify current findings.

In conclusion, our study found an increasing global burden of 
T2D-related CKD attributable to dietary risks underscores the urgent 
need for targeted public health interventions focused on enhancing 
dietary quality. Our analysis offers a comprehensive, multidimensional 
assessment of the impact of dietary risks on T2D-related 
CKD. Researches and policy initiatives addressing specific dietary 
components, as well as focusing on men, the elderly, and low-SDI 
regions, could be highly effective to reduce the burden. For the aim of 
SDGs, collaborative efforts across sectors and stakeholders, including 
ministries of heath, agriculture, education and commerce will 
be  essential to addressing the complex challenges posed by 
T2D-related CKD.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found at: https://vizhub.healthdata.org/gbd-results/.

https://doi.org/10.3389/fnut.2025.1572610
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://vizhub.healthdata.org/gbd-results/


Hou et al. 10.3389/fnut.2025.1572610

Frontiers in Nutrition 10 frontiersin.org

Ethics statement

Ethical approval was not required for the study involving humans 
in accordance with the local legislation and institutional requirements. 
Written informed consent to participate in this study was not required 
from the participants or the participants’ legal guardians/next of kin 
in accordance with the national legislation and the 
institutional requirements.

Author contributions

YH: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Software, 
Supervision, Writing – review & editing, Writing – original draft. LQ: 
Conceptualization, Data curation, Formal analysis, Investigation, 
Methodology, Project administration, Software, Supervision, 
Writing – original draft, Writing – review & editing. XJ: Data curation, 
Methodology, Software, Writing – original draft. JR: Data curation, 
Methodology, Writing – original draft, Formal analysis. JL: Formal 
analysis, Supervision, Writing – review & editing. XZ: Formal analysis, 
Supervision, Writing – original draft. JZ: Formal analysis, Supervision, 
Investigation, Methodology, Writing  – review & editing. RL: 
Investigation, Methodology, Writing  – review & editing, Data 
curation. YG: Investigation, Conceptualization, Project 
administration, Writing  – original draft. XW: Conceptualization, 
Investigation, Supervision, Writing  – review & editing. GW: 
Conceptualization, Investigation, Supervision, Writing – review & 
editing, Data curation, Formal analysis, Funding acquisition, 
Methodology, Project administration, Software.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 

by National Natural Science Foundation of China [81770057], and the 
Top Young Talents Project of the “Special Support Program for High-
Level Talents” in Shaanxi, China.

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.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

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

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1572610/
full#supplementary-material

References
 1. Liu W, Zhang D, Wang R, Chen J, Zhang J, Tao D, et al. Global trends in the burden 

of chronic kidney disease attributable to type 2 diabetes: an age-period-cohort analysis. 
Diabetes Obes Metab. (2024) 26:602–10. doi: 10.1111/dom.15349

 2. Goodall R, Alazawi A, Hughes W, Bravis V, Salciccioli JD, Marshall DC, et al. 
Trends in type 2 diabetes mellitus disease burden in European Union countries between 
1990 and 2019. Sci Rep. (2021) 11:15356. doi: 10.1038/s41598-021-94807-z

 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. 
(2021) 12:672350. doi: 10.3389/fendo.2021.672350

 4. Cheng AYY, Gomes MB, Kalra S, Kengne AP, Mathieu C, Shaw JE. Applying the 
WHO global targets for diabetes mellitus. Nat Rev Endocrinol. (2023) 19:194–200. doi: 
10.1038/s41574-022-00793-1

 5. GBD 2021 Diabetes Collaborators. Global, regional, and national burden of 
diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis 
for the global burden of disease study 2021. Lancet (London, England). (2023) 
402:203–34. doi: 10.1016/s0140-6736(23)01301-6

 6. Cundiff DK, Wu C. The EAT-lancet commission's planetary health diet compared 
with the institute for health metrics and evaluation global burden of disease ecological 
data analysis. Cureus. (2023) 15:e40061. doi: 10.7759/cureus.40061

 7. Bowe B, Xie Y, Li T, Mokdad AH, Xian H, Yan Y, et al. Changes in the US burden 
of chronic kidney disease from 2002 to 2016: an analysis of the global burden of disease 
study. JAMA Netw Open. (2018) 1:e184412. doi: 10.1001/jamanetworkopen.2018.4412

 8. Fraser SDS, Roderick PJ. Kidney disease in the global burden of disease study 2017. 
Nat Rev Nephrol. (2019) 15:193–4. doi: 10.1038/s41581-019-0120-0

 9. Xie D, Ma T, Cui H, Li J, Zhang A, Sheng Z, et al. Global burden and influencing 
factors of chronic kidney disease due to type 2 diabetes in adults aged 20-59 years, 
1990-2019. Sci Rep. (2023) 13:20234. doi: 10.1038/s41598-023-47091-y

 10. Ueki K, Sasako T, Okazaki Y, Miyake K, Nangaku M, Ohashi Y, et al. Multifactorial 
intervention has a significant effect on diabetic kidney disease in patients with type 2 
diabetes. Kidney Int. (2021) 99:256–66. doi: 10.1016/j.kint.2020.08.012

 11. Liu W, Zhou L, Yin W, Wang J, Zuo X. Global, regional, and national burden of 
chronic kidney disease attributable to high sodium intake from 1990 to 2019. Front Nutr. 
(2023) 10:1078371. doi: 10.3389/fnut.2023.1078371

 12. McMahon EJ, Campbell KL, Bauer JD, Mudge DW, Kelly JT. Altered dietary salt 
intake for people with chronic kidney disease. Cochrane Database Syst Rev. (2021) 
2021:CD010070. doi: 10.1002/14651858.CD010070.pub3

 13. Stuart KV, Biradar MI, Luben RN, Dhaun N, Wagner SK, Warwick AN, et al. The 
association of urinary sodium excretion with glaucoma and related traits in a large 
United  Kingdom population. Ophthalmol Glaucoma. (2024) 7:499–511. doi: 
10.1016/j.ogla.2024.04.010

 14. 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 (London, England). (2020) 395:709–33. doi: 
10.1016/s0140-6736(20)30045-3

 15. Cao L, Yu P, Zhang L, Yao Q, Zhou F, Li X, et al. Association between dietary 
patterns and chronic kidney disease in elderly patients with type 2 diabetes: a 
community-based cross-sectional study. Nutr J. (2025) 24:1. doi: 
10.1186/s12937-024-01070-9

https://doi.org/10.3389/fnut.2025.1572610
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1572610/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1572610/full#supplementary-material
https://doi.org/10.1111/dom.15349
https://doi.org/10.1038/s41598-021-94807-z
https://doi.org/10.3389/fendo.2021.672350
https://doi.org/10.1038/s41574-022-00793-1
https://doi.org/10.1016/s0140-6736(23)01301-6
https://doi.org/10.7759/cureus.40061
https://doi.org/10.1001/jamanetworkopen.2018.4412
https://doi.org/10.1038/s41581-019-0120-0
https://doi.org/10.1038/s41598-023-47091-y
https://doi.org/10.1016/j.kint.2020.08.012
https://doi.org/10.3389/fnut.2023.1078371
https://doi.org/10.1002/14651858.CD010070.pub3
https://doi.org/10.1016/j.ogla.2024.04.010
https://doi.org/10.1016/s0140-6736(20)30045-3
https://doi.org/10.1186/s12937-024-01070-9


Hou et al. 10.3389/fnut.2025.1572610

Frontiers in Nutrition 11 frontiersin.org

 16. Saglimbene VM, Wong G, Ruospo M, Palmer SC, Garcia-Larsen V, Natale P, et al. 
Fruit and vegetable intake and mortality in adults undergoing maintenance 
hemodialysis. Clin J Am Soc Nephrol. (2019) 14:250–60. doi: 10.2215/cjn.08580718

 17. Schwarz A, Hernandez L, Arefin S, Sartirana E, Witasp A, Wernerson A, et al. Sweet, 
bloody consumption - what we eat and how it affects vascular ageing, the BBB and kidney 
health in CKD. Gut Microbes. (2024) 16:2341449. doi: 10.1080/19490976.2024.2341449

 18. Kelly JT, Palmer SC, Wai SN, Ruospo M, Carrero JJ, Campbell KL, et al. Healthy 
dietary patterns and risk of mortality and ESRD in CKD: a meta-analysis of cohort 
studies. Clin J Am Soc Nephrol. (2017) 12:272–9. doi: 10.2215/cjn.06190616

 19. Winkelman D, Smith-Gagen J, Rebholz CM, Gutierrez OM, St-Jules DE. 
Association of intake of whole grains with health outcomes in the chronic renal 
insufficiency cohort study. Clin J Am  Soc Nephrol. (2024) 19:1435–43. doi: 
10.2215/cjn.0000000000000538

 20. Luo W, Gong L, Chen X, Gao R, Peng B, Wang Y, et al. Lifestyle and chronic kidney 
disease: a machine learning modeling study. Front Nutr. (2022) 9:918576. doi: 
10.3389/fnut.2022.918576

 21. Rossing P, Caramori ML, Chan JCN, Heerspink HJL, Hurst C, Khunti K, et al. 
Executive summary of the KDIGO 2022 clinical practice guideline for diabetes 
management in chronic kidney disease: an update based on rapidly emerging new 
evidence. Kidney Int. (2022) 102:990–9. doi: 10.1016/j.kint.2022.06.013

 22. Zannad F. Heart failure and kidney disease in type 2 diabetes: 2 sides of the same 
coin. J Am Coll Cardiol. (2022) 80:1732–4. doi: 10.1016/j.jacc.2022.08.773

 23. Guo J, Wei M, Zhang W, Jiang Y, Li A, Wang C, et al. Clinical efficacy and safety 
of sodium-glucose cotransporter protein-2 (SGLT-2) inhibitor, glucagon-like peptide-1 
(GLP-1) receptor agonist, and Finerenone in type 2 diabetes mellitus with non-dialysis 
chronic kidney disease: a network meta-analysis of randomized clinical trials. Front 
Pharmacol. (2025) 16:1517272. doi: 10.3389/fphar.2025.1517272

 24. Dai H, Alsalhe TA, Chalghaf N, Riccò M, Bragazzi NL, Wu J. The global burden 
of disease attributable to high body mass index in 195 countries and territories, 
1990-2017: an analysis of the global burden of disease study. PLoS Med. (2020) 
17:e1003198. doi: 10.1371/journal.pmed.1003198

 25. Xie J, Wang M, Long Z, Ning H, Li J, Cao Y, et al. Global burden of type 2 diabetes 
in adolescents and young adults, 1990-2019: systematic analysis of the global burden of 
disease study 2019. BMJ (Clin Res Ed). (2022) 379:e072385. doi: 10.1136/bmj-2022-072385

 26. Mottl AK, Nicholas SB. KDOQI commentary on the KDIGO 2022 update to the 
clinical practice guideline for diabetes management in CKD. Am J Kidney Dis. (2024) 
83:277–87. doi: 10.1053/j.ajkd.2023.09.003

 27. GBD 2019 Risk Factors Collaborators. 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 (London, England). (2020) 396:1223–49. doi: 
10.1016/s0140-6736(20)30752-2

 28. Liu Y, Ying X, Li Y, Zhu X, Jing W, Wang X, et al. Age at first sexual intercourse, 
age at menarche, and age at menopause: a Mendelian randomization study on lung 
cancer risk. Transl Lung Cancer Res. (2024) 13:1718–26. doi: 10.21037/tlcr-24-480

 29. Tannor EK, Sarfo FS, Mobula LM, Sarfo-Kantanka O, Adu-Gyamfi R, Plange-
Rhule J. Prevalence and predictors of chronic kidney disease among Ghanaian patients 
with hypertension and diabetes mellitus: a multicenter cross-sectional study. J Clin 
Hypertens (Greenwich). (2019) 21:1542–50. doi: 10.1111/jch.13672

 30. Ilic I, Ilic M. The burden of type 2 diabetes mellitus in Latin America, 1990-2019: 
findings from the global burden of disease study. Public Health. (2024) 233:74–82. doi: 
10.1016/j.puhe.2024.05.009

 31. Yi M, Li A, Zhou L, Chu Q, Song Y, Wu K. The global burden and attributable risk 
factor analysis of acute myeloid leukemia in 195 countries and territories from 1990 to 
2017: estimates based on the global burden of disease study 2017. J Hematol Oncol. 
(2020) 13:72. doi: 10.1186/s13045-020-00908-z

 32. Malik VS, Hu FB. The role of sugar-sweetened beverages in the global epidemics 
of obesity and chronic diseases. Nat Rev Endocrinol. (2022) 18:205–18. doi: 
10.1038/s41574-021-00627-6

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

 34. Afshin A, Penalvo J, del Gobbo L, Kashaf M, Micha R, Morrish K, et al. CVD 
prevention through policy: a review of mass media, food/menu labeling, taxation/
subsidies, built environment, school procurement, worksite wellness, and marketing 
standards to improve diet. Curr Cardiol Rep. (2015) 17:98. doi: 10.1007/s11886-015-0658-9

 35. Mozaffarian D, Afshin A, Benowitz NL, Bittner V, Daniels SR, Franch HA, et al. 
Population approaches to improve diet, physical activity, and smoking habits: a scientific 
statement from the American Heart Association. Circulation. (2012) 126:1514–63. doi: 
10.1161/CIR.0b013e318260a20b

 36. Lu TY, Zhang WS, Zhu T, Jiang CQ, Zhu F, Jin YL, et al. Associations of meat, fish 
and seafood consumption with kidney function in middle-aged to older Chinese: a 
cross-sectional study based on the Guangzhou biobank cohort study. BMJ Open. (2023) 
13:e073738. doi: 10.1136/bmjopen-2023-073738

 37. Mafra D, Borges NA, LFMF C, Anjos JS, Black AP, Moraes C, et al. Red meat intake 
in chronic kidney disease patients: two sides of the coin. Nutrition (Burbank, Los Angeles 
County, Calif). (2018) 46:26–32. doi: 10.1016/j.nut.2017.08.015

 38. Xu ZH, Qiu CS, Qi J, Tang XL, Li HM, Zhang LW, et al. Association between whole 
grain intake and chronic kidney disease. J Nutr. (2024) 154:1262–70. doi: 
10.1016/j.tjnut.2024.02.013

 39. Piccoli GB, Moio MR, Fois A, Sofronie A, Gendrot L, Cabiddu G, et al. The diet 
and haemodialysis dyad: three eras, four open questions and four paradoxes. A narrative 
review, towards a personalized, patient-centered approach. Nutrients. (2017) 9:372. doi: 
10.3390/nu9040372

 40. Clase CM, Carrero JJ, Ellison DH, Grams ME, Hemmelgarn BR, Jardine MJ, et al. 
Potassium homeostasis and management of dyskalemia in kidney diseases: conclusions 
from a kidney disease: improving global outcomes (KDIGO) controversies conference. 
Kidney Int. (2020) 97:42–61. doi: 10.1016/j.kint.2019.09.018

 41. Gil JDB, Reidsma P, Giller K, Todman L, Whitmore A, van Ittersum M. Sustainable 
development goal 2: improved targets and indicators for agriculture and food security. 
Ambio. (2019) 48:685–98. doi: 10.1007/s13280-018-1101-4

 42. McLure A, Graves PM, Lau C, Shaw C, Glass K. Modelling lymphatic filariasis 
elimination in American Samoa: GEOFIL predicts need for new targets and six rounds 
of mass drug administration. Epidemics. (2022) 40:100591. doi: 
10.1016/j.epidem.2022.100591

 43. Xiang J, Morgenstern H, Li Y, Steffick D, Bragg-Gresham J, Panapasa S, et al. 
Incidence of ESKD among native Hawaiians and Pacific islanders living in the 50 US 
states and Pacific Island territories. Am J Kidney Dis. (2020) 76:340–349.e1. doi: 
10.1053/j.ajkd.2020.01.008

 44. Micha R, Michas G, Mozaffarian D. Unprocessed red and processed meats and risk 
of coronary artery disease and type 2 diabetes--an updated review of the evidence. Curr 
Atheroscler Rep. (2012) 14:515–24. doi: 10.1007/s11883-012-0282-8

 45. Delgado J, Ansorena D, van Hecke T, Astiasarán I, de Smet S, Estévez M. Meat 
lipids, NaCl and carnitine: do they unveil the conundrum of the association between red 
and processed meat intake and cardiovascular diseases?_Invited review. Meat Sci. (2021) 
171:108278. doi: 10.1016/j.meatsci.2020.108278

 46. Parajára MC, Colombet Z, Machado ÍE, Menezes MC, Verly-Jr E, O'Flaherty M, 
et al. Mortality attributable to diets low in fruits, vegetables, and whole grains in Brazil 
in 2019: evidencing regional health inequalities. Public Health. (2023) 224:123–30. doi: 
10.1016/j.puhe.2023.08.028

 47. GBD 2021 Adult BMI Collaborators. Global, regional, and national prevalence of 
adult overweight and obesity, 1990-2021, with forecasts to 2050: a forecasting study for 
the global burden of disease study 2021. Lancet (London, England). (2025) 405:813–38. 
doi: 10.1016/s0140-6736(25)00355-1

 48. Abraham S, Breeze P, Sutton A, Lambie-Mumford H. Household food insecurity 
and child health outcomes: a rapid review of mechanisms and associations. Lancet 
(London, England). (2023) 402:S16. doi: 10.1016/s0140-6736(23)02139-6

 49. Chokshi DA. Income, poverty, and health inequality. JAMA. (2018) 319:1312–3. 
doi: 10.1001/jama.2018.2521

 50. Barrea L, Verde L, Suárez R, Frias-Toral E, Vásquez CA, Colao A, et al. Sex-
differences in Mediterranean diet: a key piece to explain sex-related cardiovascular risk 
in obesity? A cross-sectional study. J Transl Med. (2024) 22:44. doi: 
10.1186/s12967-023-04814-z

 51. Gearhardt AN, Grilo CM, DiLeone RJ, Brownell KD, Potenza MN. Can food 
be addictive? Public health and policy implications. Addiction. (2011) 106:1208–12. doi: 
10.1111/j.1360-0443.2010.03301.x

 52. Neugarten J, Kasiske B, Silbiger SR, Nyengaard JR. Effects of sex on renal structure. 
Nephron. (2002) 90:139–44. doi: 10.1159/000049033

 53. Inker LA, Shafi T, Okparavero A, Tighiouart H, Eckfeldt JH, Katz R, et al. Effects 
of race and sex on measured GFR: the multi-ethnic study of atherosclerosis. Am J Kidney 
Dis. (2016) 68:743–51. doi: 10.1053/j.ajkd.2016.06.021

 54. Inker LA, Levey AS, Tighiouart H, Shafi T, Eckfeldt JH, Johnson C, et al. 
Performance of glomerular filtration rate estimating equations in a community-based 
sample of blacks and whites: the multiethnic study of atherosclerosis. Nephrol Dial 
Transpl. (2018) 33:417–25. doi: 10.1093/ndt/gfx042

 55. Partridge L, Deelen J, Slagboom PE. Facing up to the global challenges of ageing. 
Nature. (2018) 561:45–56. doi: 10.1038/s41586-018-0457-8

 56. Lapi F, Azoulay L, Niazi MT, Yin H, Benayoun S, Suissa S. Androgen deprivation 
therapy and risk of acute kidney injury in patients with prostate cancer. JAMA. (2013) 
310:289–96. doi: 10.1001/jama.2013.8638

 57. Liu G, Li CM, Xie F, Li QL, Liao LY, Jiang WJ, et al. Colorectal cancer's burden 
attributable to a diet high in processed meat in the belt and road initiative countries. 
World J Gastrointest Oncol. (2024) 16:182–96. doi: 10.4251/wjgo.v16.i1.182

 58. Carriazo S, Ortiz A. European east-west divide in kidney disease: the need to 
understand the drivers of chronic kidney disease outcomes. Clin Kidney J. (2021) 14:1–4. 
doi: 10.1093/ckj/sfaa217

https://doi.org/10.3389/fnut.2025.1572610
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.2215/cjn.08580718
https://doi.org/10.1080/19490976.2024.2341449
https://doi.org/10.2215/cjn.06190616
https://doi.org/10.2215/cjn.0000000000000538
https://doi.org/10.3389/fnut.2022.918576
https://doi.org/10.1016/j.kint.2022.06.013
https://doi.org/10.1016/j.jacc.2022.08.773
https://doi.org/10.3389/fphar.2025.1517272
https://doi.org/10.1371/journal.pmed.1003198
https://doi.org/10.1136/bmj-2022-072385
https://doi.org/10.1053/j.ajkd.2023.09.003
https://doi.org/10.1016/s0140-6736(20)30752-2
https://doi.org/10.21037/tlcr-24-480
https://doi.org/10.1111/jch.13672
https://doi.org/10.1016/j.puhe.2024.05.009
https://doi.org/10.1186/s13045-020-00908-z
https://doi.org/10.1038/s41574-021-00627-6
https://doi.org/10.1038/nrendo.2012.199
https://doi.org/10.1007/s11886-015-0658-9
https://doi.org/10.1161/CIR.0b013e318260a20b
https://doi.org/10.1136/bmjopen-2023-073738
https://doi.org/10.1016/j.nut.2017.08.015
https://doi.org/10.1016/j.tjnut.2024.02.013
https://doi.org/10.3390/nu9040372
https://doi.org/10.1016/j.kint.2019.09.018
https://doi.org/10.1007/s13280-018-1101-4
https://doi.org/10.1016/j.epidem.2022.100591
https://doi.org/10.1053/j.ajkd.2020.01.008
https://doi.org/10.1007/s11883-012-0282-8
https://doi.org/10.1016/j.meatsci.2020.108278
https://doi.org/10.1016/j.puhe.2023.08.028
https://doi.org/10.1016/s0140-6736(25)00355-1
https://doi.org/10.1016/s0140-6736(23)02139-6
https://doi.org/10.1001/jama.2018.2521
https://doi.org/10.1186/s12967-023-04814-z
https://doi.org/10.1111/j.1360-0443.2010.03301.x
https://doi.org/10.1159/000049033
https://doi.org/10.1053/j.ajkd.2016.06.021
https://doi.org/10.1093/ndt/gfx042
https://doi.org/10.1038/s41586-018-0457-8
https://doi.org/10.1001/jama.2013.8638
https://doi.org/10.4251/wjgo.v16.i1.182
https://doi.org/10.1093/ckj/sfaa217

	Systematic analysis of the burden of chronic kidney disease due to type 2 diabetes attributable to dietary risks based on the global burden of disease study 2021
	1 Introduction
	2 Methods
	2.1 Data source and measures of burden
	2.2 T2D-related CKD
	2.3 Dietary risk factors
	2.4 Socio-demographic index
	2.5 Statistical analyses

	3 Results
	3.1 Global trend in T2D-related CKD burden attributable to dietary risk factors
	3.2 The burden of T2D-related CKD attributable to dietary risk factors by SDI levels
	3.3 Location burden in T2D-related CKD attributable to dietary risks
	3.4 Burden of T2D-related CKD attributable to dietary risk in different sexes and age groups
	3.5 Detailed dietary risk factors contributed to the burden of T2D-related CKD

	4 Discussion

	 References

