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[ Abstract ]| Objective To analyze the disease burden, risk structure, population distribution, and future trends
of 3 major etiology-specific chronic kidney diseases (CKDs) attributable to metabolic and lifestyle-related risk factors
in China from 1990 to 2023 based on data from the Global Burden of Disease Study 2023 (GBD 2023). Methods The
disability-adjusted life year (DALY) and age-standardized DALY rate (ASDR) data of chronic kidney disease due to
type 2 diabetes mellitus (T2DM-CKD), chronic kidney disease due to hypertension (HTN-CKD), and chronic kidney
disease due to glomerulonephritis (GN-CKD) attributable to 8 metabolic and lifestyle-related risk factors in China were
obtained from the GBD 2023 database. The burden changes in China and traditional BRICS countries (Brazil, Russia,
India, China, and South Africa) in 1990 and 2023 were analyzed. Gender- and age-stratified analyses were performed, and
the future trends from 2024 to 2035 were projected using an autoregressive integrated moving average (ARIMA) model.
The estimated annual percentage change (EAPC) and its 95% confidence interval (95%CI) were calculated using a log-
linear regression model fitted to annual ASDRs from 1990 to 2023. Meanwhile, the internal composition ratios of the 8
risk factors were calculated to characterize the evolution of the risk structure. Results From 1990 to 2023, the overall
DALYs of the 3 types of CKDs attributable to 8 risk factors in China were increased, whereas the changes in ASDRs
diverged. For GN-CKD, high fasting plasma glucose remained the leading attributable risk factor, with an EAPC of the
ASDR of —3.98% (95%CI —4.44% to —3.53%), and its internal composition ratio decreased from 65.9% in 1990 to
39.5% in 2023; the composition ratio attributable to high systolic blood pressure increased from 12.1% to 27.3%. For
HTN-CKD, high systolic blood pressure remained the predominant attributable risk factor, with an EAPC of the ASDR of
—0.60% (95%CI —0.85% to —0.34%); the EAPC of the ASDR attributable to high body mass index (BMI) was 0.69%
(95%CI 0.42% to 0.96%). T2DM-CKD showed the greatest increase in absolute burden, with high fasting plasma glucose and
high BMI consistently ranking as the top 2 risk factors; the EAPC of the ASDR attributable to high fasting plasma glucose
was —1.33% (95%CI —1.45% to —1.20%). The attributable burden of all risk factors for the 3 etiology-specific CKDs
was predominantly concentrated among individuals aged 50 years and older. Among traditional BRICS countries, GN-CKD
showed the highest heterogeneity in risk structure, while HTN-CKD showed the highest consistency. ARIMA projections
suggested that the attributable burden of GN-CKD would generally decline from 2024 to 2035, while the burdens of
HTN-CKD and T2DM-CKD would continue to rise. Conclusion From 1990 to 2023, the absolute burden attributable to
metabolic and lifestyle-related risk factors for the 3 major etiology-specific CKDs in China has continued to expand, but
the risk structures and temporal trends differ substantially. The rise in absolute burden and decline in ASDR suggest that
population aging and population growth are important contextual factors driving CKD burden expansion. Etiology- and
age-specific integrated management strategies targeting glycemia and body weight control, blood pressure control and salt
reduction, and specialist follow-up may be the keys for reducing the future burden of CKDs.
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sex; forecasting
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R1 1990 £52023 £HE 3 FHEZHFEAFFEEESHRFIIETE T 8 KHEEFEAXEXERERHN
DALY. ASDR ¥ EAPC
Tab1 DALY, ASDR, and EAPC of 3 major etiology-specific chronic kidney diseases attributable to 8 metabolic and
lifestyle-related risk factors in China in 1990 and 2023

Low physical activity

491 (5,2 331)

0.12 (0.00, 0.46)

2454 (100, 9 246)

0.12 (0.01, 0.46)

1990 2023
. EAPC
Risk factor DALY (95%UI)/ ASDR (95:’?U1)/ DALY (95%UI)/  ASDR (95:’?U1)/ (95%CI)/%
(person-year) (X10 ) (person-year) (X10 )
GN-CKD

High fasting plasma glucose 94 410 9.01 (1.01, 21.68) 77872 3.75(0.47, 8.80) —3.98
(11 290, 218 708) (9 176, 186 703) (—4.44, —3.53)

High systolic blood pressure 17 279 (0,94 999)  2.01 (0.00, 10.86) 53 925 (6, 195 360) 2.36 (0.00, 8.89) —0.85
(—1.26, —0.45)

High body mass index 12468 (141,55 109) 1.17(0.01,5.17) 27 138 (673, 73 829) 1.24(0.03, 3.56) —1.24
(—1.65, —0.84)

Low physical activity 327 (2,1 509) 0.04 (0.00, 0.21) 961 (33,4 381)  0.05(0.00, 0.20) —0.73
(—1.15, —0.30)

Diet low in fruits 7508 (51,33342)  0.81(0.01,3.66) 14 874 (194, 48 623) 0.67 (0.01, 2.26) —1.87
(—2.25, —1.49)

Diet low in vegetables 2296 (2,12 350) 0.27 (0.00, 1.43) 1166 (4,5268)  0.05(0.00,0.24) —5.91
(—6.55, —5.27)

Diet high in sodium 7 083 (0,47 002) 0.79 (0.00, 5.32) 19967 (1,98 786)  0.87 (0.00, 4.44) —1.00
(—1.39, —0.62)

Diet low in whole grains 1840 (2, 11 349) 0.17 (0.00, 1.02) 1421 (9,7324)  0.07 (0.00, 0.36) —4.18
(—4.77, —3.58)

HTN-CKD
High fasting plasma glucose 48 587 7.23 (0.89, 17.84) 127 575 5.93 —0.09
(4 054, 130 294) (24 793,279 861) (1.25, 12.75) (—0.31,0.12)

High systolic blood pressure 317 746 43.73 (20.38, 67.53) 676 130 30.23 —0.60
(143 504, 489 909) (386 310,887 021)  (17.22,39.77) (—0.85, —0.34)
High body mass index 73 620 8.36 (3.06, 16.17) 205 238 9.13 0.69 (0.42, 0.96)

(26 773, 142 105) (92 560, 355 460) (4.07, 15.80)

0.55 (0.26, 0.84)

Diet low in fruits 122 593 15.91 (8.00, 26.12) 179 310 8.11 (4.27, 11.72) —1.52

(61 061, 199 952) (96 474, 260 672) (—1.78, —1.25)
Diet low in vegetables 44 506 6.30 (1.82, 11.73) 18 107 0.84 (0.16, 2.16) —5.20

(11 852, 85 497) (3 534, 45 493) (—5.93, —4.47)
Diet high in sodium 140 798 17.42 (3.45, 36.88) 219 747 9.55 —1.27

(30 925, 290 101) (55272,441 655)  (2.30,19.45) (—1.51, —1.03)

Diet low in whole grains
T2DM-CKD

981 (2, 5 842)

0.15 (0.00, 0.84)

2994 (44, 11 441)

0.14 (0.00, 0.52)

0.38 (0.07, 0.68)

High fasting plasma glucose 604 036 72.09 (50.42, 98.80) 1041016 44.30 —1.33
(415 698, 828 929) (799 849, 1 296 046) (34.31,55.25) (—1.45, —1.20)
High systolic blood pressure 34 821 (0, 181 435) 4.31 (0.00, 22.64) 121 282 (4, 407 929) 5.07 0.47 (0.29, 0.64)

(0.00, 17.20)

High body mass index 169 921 18.70 (7.09, 34.95) 407 874 17.20 —0.24
(65 952,317 321) (175 697,706 244)  (7.40,29.77)  (—0.41, —0.07)

Low physical activity 40 523 5.08 (1.67,9.28) 78 272 3.35(1.30, 5.72) —1.27
(13 372,73 963) (30 149, 132 659) (—1.42,—1.12)

Diet low in fruits 44 818 5.26 (1.08, 11.65) 70073 2.96 (0.71, 6.02) —1.64
(8750, 96 847) (16 762, 143 627) (—1.79, —1.50)

Diet low in vegetables 8374 (253,27 506)  1.03(0.04,3.38) 3823 (179,15910) 0.16(0.01, 0.68) —5.21
(—5.88, —4.53)
Diet high in sodium 13 505 (0, 82 534) 1.58 (0.00,9.98) 42558 (1,209 138) 1.76(0.00, 8.65) 0.34 (0.14, 0.54)

Diet low in whole grains 38372 4.46 (1.21, 8.54) 53859 2.29 (0.66, 4.30) —1.89
(10 639, 72 603) (15571, 101 849) (—2.02, —1.77)

DALY: Disability-adjusted life year; ASDR: Age-standardized DALY rate; EAPC: Estimated annual percentage change;

GN-CKD: Chronic kidney disease due to glomerulonephritis; HTN-CKD: Chronic kidney disease due to hypertension; T2DM-CKD:
Chronic kidney disease due to type 2 diabetes mellitus; 95%UI: 95% uncertainty interval; 95%CI: 95% confidence interval.



WREERERFHM 2026 F 8 H, 4474 * 1075 -

GN-CKD (1990) GN-CKD (2023)
Low physical activity 7 8 8 8 6 Low physical activity 6 8 8 7 6
Diet low in whole grains 6 7 7 7 7 DALY /(person-year) Diet low in whole grains 8 6 7 8 7 DALY/(person-ycar)
Diet low in vegetables 4 6 4 4 5 Diet low in vegetables 4 7 5 5 5
75 000 60 000
Diet high in sodium 8 5 6 6 8 | | Diet high in sodium 7 4 6 6 8
50 000 40 000
Diet low in fruits 5 4 3 3 4 Diet low in fruits 5 5 4 4 4
25000 20 000
High body mass index 2 3 5 2 1 High body mass index 1 3 3 2 1
High systolic blood pressure 3 2 1 1 3 High systolic blood pressure 3 -- 1 3
High fasting plasma glucose 1 ! 2 ) 2 High fasting plasma glucose 2 -- 3 2
£ k=
5 E]
Qo Qo
2} 2}
HTN-CKD (1990) HTN-CKD (2023)
Low physical activity 7 8 7 7 7 Low physical activity 7 8 7 7 7
Diet low in whole grains| 8 7 8 8 8 DALY/(person-year) Diet low in whole grains- 8 7 8 8 8 DALY/(person-year)
Diet low in vegetables 3 6 3 4 4 I 300000 Diet low in vegetables 3 6 3 4 4 I 600 000
Diet high in sodium 5 5 6 6 5 200 000 Diet high in sodium 5 5 6 5 5 400 000
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T2DM-CKD (1990) T2DM-CKD (2023)
Low physical activity 7 8 6 6 6 Low physical activity 7 8 7 7 6
Diet low in whole grains 8 7 8 8 8 DALY/(person-year) Diet low in whole grains 8 7 8 8 8 DALY/(person-year)
) ) 600 000 ) ) 1.000 000
Diet low in vegetables 3 6 2 3 5 500 000 Diet low in vegetables 3 3 3 3 3
ioh i i 400 000 P . 750 000
Diet high in sodium 5 5 7 7 7 Diet high in sodium 6 6 6 6 7
300 000 500 000
Diet low in fruits 4 4 5 5] 2 200 000 Diet low in fruits 4 4 5 5 5
250 000
High body mass index} 6 3 3 4 4 100 000 High body mass index} 5 5 4 4 4
High systolic blood pressure 2 2 4 2 2 High systolic blood pressure 2 2 2 2
High fasting plasma glucose 1 -- 1 1 High fasting plasma glucose 1 -- 1 1
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China
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Russia
South Africa
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DALY tb%
Fig1 Comparison of DALY of 3 major etiology-specific chronic kidney diseases attributable to 8 metabolic and
lifestyle-related risk factors in traditional BRICS countries in 1990 and 2023
The numbers in the cells indicate the within-panel ranking of risk factors for each country according to attributable DALY, from rank 1,
the highest burden, to rank 8, the lowest burden. DALY: Disability-adjusted life year; GN-CKD: Chronic kidney disease due to
glomerulonephritis; HTN-CKD: Chronic kidney disease due to hypertension; T2DM-CKD: Chronic kidney disease due to type 2

diabetes mellitus.
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Fig2 Comparison of proportion of DALY of 3 major etiology-specific chronic kidney diseases attributable to

8 metabolic and lifestyle-related risk factors in traditional BRICS countries in 1990 and 2023

DALY: Disability-adjusted life year; GN-CKD: Chronic kidney disease due to glomerulonephritis; HTN-CKD: Chronic kidney
disease due to hypertension; T2DM-CKD: Chronic kidney disease due to type 2 diabetes mellitus.
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Fig3 DALY of 3 major etiology-specific chronic kidney diseases attributable to 8 metabolic and lifestyle-related risk
factors by gender stratification in China from 1990 to 2023
DALY: Disability-adjusted life year; GN-CKD: Chronic kidney disease due to glomerulonephritis; HTN-CKD: Chronic kidney

disease due to hypertension; T2DM-CKD: Chronic kidney disease due to type 2 diabetes mellitus.
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Fig4 DALY of 3 major etiology-specific chronic kidney diseases attributable to 8 metabolic and lifestyle-related risk
factors in different age groups in China in 2023
DALY: Disability-adjusted life year; GN-CKD: Chronic kidney disease due to glomerulonephritis; HTN-CKD: Chronic kidney
disease due to hypertension; T2DM-CKD: Chronic kidney disease due to type 2 diabetes mellitus.
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FigS Projected DALY trends of 3 major etiology-specific chronic kidney diseases attributable to 8 metabolic and
lifestyle-related risk factors in China from 2024 to 2035
The red solid line represents observed DALY from 1990 to 2023, the yellow solid line represents projected DALY from 2024 to 2035,

the semi-transparent yellow band represents the 95% confidence interval, and the gray dashed line marks the start of the projection

period. DALY: Disability-adjusted life year; GN-CKD: Chronic kidney disease due to glomerulonephritis; HTN-CKD: Chronic kidney

disease due to hypertension; T2DM-CKD: Chronic kidney disease due to type 2 diabetes mellitus.
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