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Chronic kidney disease (CKD) affects nearly 10% of adults 
globally and is projected to become the fifth leading cause of 
death by 2040.1,2 This rising prevalence underscores an urgent 
public health challenge, with diet emerging as a key modifiable 
factor for reducing CKD burden.3

The EAT–Lancet planetary health diet was proposed to integrate 
both human health and environmental sustainability.4 Unlike trad­
itional health-oriented diets such as Dietary Approaches to Stop 
Hypertension (DASH),5 the Alternate Mediterranean diet (aMed),6 
Alternative Healthy Eating Index–2010 (AHEI-2010),7 and healthful 
Plant-Based Diet Index (hPDI),8 it defines food group intake within 
planetary boundaries to help prevent noncommunicable diseases.4 
Although it has been linked to lower risks of diabetes, cancer, and 
mortality,9–11 its association with incident CKD remains unclear. 
Genetic and environmental factors also influence CKD,12,13 highlight­
ing the need to examine their potential modifying effects.

Advances in proteomics and metabolomics now allow precise 
characterization of dietary responses and underlying biological 

pathways. These omics profiles can serve as intermediate pheno­
types bridging genetic and environmental exposures with dis­
ease risk.14,15 However, the multi-omics signatures of the EAT–
Lancet diet and their role in CKD remain largely unexplored.

To address these gaps, we aimed to investigate the associa­
tion between adherence to the EAT–Lancet diet and the risk of 
incident CKD, examine whether this association is modified by 
genetic and environmental factors, identify proteomic and 
metabolomic signatures associated with the EAT–Lancet diet, 
and evaluate their associations with CKD risk and their potential 
role in mediating the diet–CKD relationship.

Methods

Data source and study population
The UK Biobank is a large-scale longitudinal study comprising 
about 500 000 participants aged 40 to 69 years from England, 
Scotland, and Wales.16 At enrolment, participants completed a 
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Abstract
Background: Diet may be an important 
modifiable risk factor for chronic kidney 
disease (CKD). We explored the associa­
tion between the EAT–Lancet planetary 
health diet and the risk of incident CKD.

Methods: We obtained data from the 
UK Biobank cohort on dietary intake, 
assessed via 24-hour dietary recall 
questionnaires, for 179 508 participants 
without CKD at baseline. We evaluated 
adherence to the EAT–Lancet diet using 
4 scoring methods and analyzed its 
association with incident CKD. We fur­
ther identified metabolic and pro­
teomic signatures of the EAT–Lancet 
diet and mediators linking the EAT–
Lancet diet to CKD risk.

Results: During a median follow-up of 
12.1 years, 4819 participants developed 
incident CKD. Higher EAT–Lancet 
adherence was inversely associated 
with CKD risk across all 4 scoring 
methods: Stubbendorff (adjusted 
hazard ratio [HR] 0.91, 95% confidence 
interval [CI] 0.88 to 0.94), Kesse-Guyot 
(adjusted HR 0.92, 95% CI 0.90 to 
0.95), Yi-Xiang (adjusted HR 0.94, 95% 
CI 0.91 to 0.97), and Knuppel (adjusted 
HR 0.94, 95% CI 0.92 to 0.97). This 
association was stronger in partici­
pants with low residential green space 
exposure (p for interaction = 0.008) 
and those with the rs2010352 GG geno­
type (p for interaction < 0.001). Meta­
bol ic  and proteomic s ignatures 

(122  metabolites and 143 proteins) of 
the EAT–Lancet diet were signifi­
cantly inversely associated with CKD 
risk and mediated the inverse associ­
ation between the EAT–Lancet index 
and incident CKD by 18.0% and 
27.2%, respectively. Key mediators 
included degree of fatty acid unsatur­
ation, glycoprotein acetyls, interleukin​
-18 receptor 1, and kidney injury 
molecule 1.

Interpretation: The EAT–Lancet diet 
was associated with lower risk of inci­
d e n t  C K D .  T h e  r e l a t e d  g e n e t i c , 
environmental, proteomic, and meta­
bolic factors identified could inform 
personalized nutrition strategies.
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touch-screen questionnaire on demographic characteristics, life­
style, and health, and underwent physical examinations and bio­
logical sample collection. Representative subsets of participants 
provided additional data for metabolic and proteomic analyses.

The study included participants who completed at least 
1  online 24-hour dietary recall questionnaire. We excluded par­
ticipants who had extreme energy intake (male > 4200 or 
< 600 kcal/d; female > 3600 or < 500 kcal/d); missing baseline CKD 
status data; and prevalent CKD at baseline (defined as self-
reported CKD, estimated glomerular filtration rate [eGFR] 
<  60  mL/min/1.73 m2, urine albumin-to-creatinine ratio [UACR] 
≥ 30 mg/g, or CKD diagnosis before baseline assessment).

Dietary assessment and EAT–Lancet diet index
Dietary information was collected using the Oxford WebQ Ques­
tionnaire, a Web-based 24-hour dietary recall questionnaire.17 
Food item definitions are provided in Appendix 1, Supplement­
ary Table S1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.250457/tab-related-content.

Multiple scoring methods have been proposed to quantify 
adherence to the EAT–Lancet Commission dietary recommenda­
tions, though no consensus exists. To ensure robustness in 
examining associations with incident CKD, we employed 4 estab­
lished EAT–Lancet diet scores (Box 1). 

Higher scores in all 4 methods reflect greater adherence to 
the EAT–Lancet diet. Among these, the Kesse-Guyot score offers 
superior ability to capture individual dietary variation by quan­
tifying continuous deviations from recommended cut-off val­
ues.21 This method improves discriminative power in assessing 
diet adherence22 and is especially effective for detecting subtle, 
diet-related differences in metabolic and proteomic profiles. 
Therefore, unless otherwise stated, we considered the Kesse-
Guyot score to be the primary measure of EAT–Lancet diet 
adherence.

We also calculated other dietary indices — including DASH,5 
aMed,6 AHEI-2010,7 and hPDI8 — and summarized them in 
Appendix 1, Supplementary Table S5. Dietary components across 
patterns are compared in Appendix 1, Supplementary Table S6.

Outcome assessment
The study outcome was incident CKD, defined using the Inter­
national Classification of Diseases, Tenth Revision (ICD-10) code 
N18, consistent with previous epidemiologic studies.23–25 Case 
identification incorporated data from primary care records, hos­
pital admissions, and death registries to enhance completeness.

We calculated follow-up time from the date of baseline 
assessment to the date of incident CKD, death, or the end of 
follow-up (Sept. 30, 2021, for England; July 31, 2021, for Scot­
land; and Feb. 28, 2018, for Wales), whichever came first.

Statistical analysis
Baseline characteristics are presented as means (standard devia­
tion [SD]) for continuous variables and proportions for categor­
ical variables. We assessed the association between the EAT–
Lancet index (per 1-SD increment and by quartiles) and the risk 
of incident CKD using Cox proportional hazards models, with 
results expressed as hazard ratios (HRs) and 95% confidence 
intervals (CIs). A directed acyclic graph depicting the assumed 
relationships among the EAT–Lancet diet index, CKD risk, and all 
covariates is provided in Appendix 2, Supplementary Figure S1, 
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.250457/tab​
-related-content. We performed sensitivity analyses and con­
ducted subgroup analyses to evaluate potential effect modifiers, 
including genetic factors (genetic risk score and single-nucleotide 
polymorphisms for CKD) and environmental factors (residential 
green and blue spaces). We evaluated the credibility of subgroup 
effect modifications using the Instrument to assess the Credibil­
ity of Effect Modification Analyses (ICEMAN) tool.26

We constructed metabolic and proteomic signatures using a 
2-step analysis: multivariable-adjusted linear regressions fol­
lowed by the least absolute shrinkage and selection operator 
(LASSO) model. We calculated signature scores using a weighted 
sum of identified metabolites and proteins. We derived pathway 
scores from metabolite categories and protein enrichment. Medi­
ation analysis estimated the proportion of the association 
between the EAT–Lancet index and incident CKD risk mediated 
by these signatures and pathways.

We conducted all analyses using R version 4.1.1, with a 
2-tailed p < 0.05 considered statistically significant. Additional 
methodologic details regarding dietary assessment and EAT–
Lancet diet index, metabolomic and proteomic profiling, genetic 
and environmental assessment, covariate assessment, and sta­
tistical approaches are provided in Appendix 3, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.250457/tab-related-content.

Ethics approval
The study received ethics approval from the North-West Multi-
Centre Research Ethics Committee (11/NW/0382), and all partici­
pants provided written informed consent. 

Results

Study participants and population characteristics
The enrolment period for participants spanned from December 2006 
to October 2010. Among the 179 508 study participants (Figure 1), the 

Box 1: EAT–Lancet diet scores
•	 Knuppel score: Comprises 14 binary-scored components 

(1 point per recommendation met), yielding a total between 0 
and 14 (Appendix 1, Supplementary Table S2, available at 
www.cmaj.ca/lookup/doi/10.1503/cmaj.250457/tab-related​
-content).18

•	  Stubbendorff score: Uses a 0 to 41 point scale, assigning up to 
3 points per component based on adherence level (Appendix 1, 
Supplementary Table S3).19

•	  Yi-Xiang score: Developed in an Asian cohort, scales intake to a 
2500 kcal/d diet, with a total range of 0 to 140 (Appendix 1, 
Supplementary Table S4).20

•	  Kesse-Guyot score: A continuous metric quantifying deviation 
from recommended intakes, without upper or lower bounds. It 
aggregates energy-adjusted departures from cut-offs for each 
dietary component, capturing both positive and negative 
deviations (Appendix 1, Supplementary Table S2).21
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mean age was 55.9 (SD 7.9) years, 54.6% were female, and 96.0% 
were White. Those who developed incident CKD were older and 
less likely to be never-smokers. They also exhibited higher body 
mass index; lower physical activity, alcohol consumption, eGFR, 
and EAT–Lancet index scores; and a higher prevalence of hyper­
tension, hypercholesterolemia, and diabetes (Table 1). Partici­
pant characteristics were consistent across all analytic samples, 
as well as between individuals included and those not included 
in the metabolomics and proteomics analyses (Appendix 1, Sup­
plementary Tables S7 to 9).

Association between EAT–Lancet Diet adherence and 
incident CKD
During a median follow-up of 12.1 (interquartile range 11.5 to 
12.9) years, 4819 (2.7%) participants developed CKD. The median 
values for the Yi-Xiang, Knuppel, Stubbendorff, and Kesse-Guyot 
scores were 50, 9, 21, and 22.9, respectively.

In fully adjusted Cox models, higher scores for each diet index 
(per 1-SD increase) were associated with a lower risk of incident 
CKD: Yi-Xiang (adjusted HR 0.94, 95% CI 0.91 to 0.97), Knuppel 
(adjusted HR 0.94, 95% CI 0.92 to 0.97), Stubbendorff (adjusted 
HR 0.91, 95% CI 0.88 to 0.94), and Kesse-Guyot (adjusted HR 0.92, 
95% CI 0.90 to 0.95) (Table 2). When assessed by quartiles, the 
Kesse-Guyot score showed a dose–response relationship, with 
adjusted HRs of 0.90 (95% CI 0.84 to 0.98) for Q2, 0.86 (95% CI 
0.79 to 0.93) for Q3, and 0.82 (95% CI 0.76 to 0.90) for Q4 com­
pared with Q1. We observed similar trends for the other scores. 
Among the 4, Stubbendorff and Kesse-Guyot scores exhibited 
stronger inverse associations, with a significantly reduced risk 
already apparent in Q2 (Table  2). Adjusted HRs (95% CIs) for all 
variables in the multivariable Cox regression models are provided 
in Appendix 1, Supplementary Tables S10 to 17.

Sensitivity analyses — including further adjustment for a var­
iety of additional food groups and environmental factors, exclu­
sion of early CKD cases or participants with only 1 dietary assess­
ment, use of the last available diet record as the baseline, or 
complete-case analysis — did not materially alter the results 
(Appendix 1, Supplementary Table S18). Removing individual 
EAT–Lancet index components had minimal effect (Appendix 1, 
Supplementary Table S18). Additionally, in a subsample with 
repeated eGFR measurements in 2012 and 2013, the inverse 
association for EAT–Lancet index was consistent when using a 
biochemical CKD definition (eGFR < 60 mL/min/1.73 m2), sup­
porting the robustness of our primary findings (Appendix 1, 
Supplementary Table S18).

Exploratory analyses also showed inverse associations 
between higher diet scores (per 1-SD increase) and CKD risk for 
DASH (adjusted HR 0.91, 95% CI 0.88 to 0.93), aMed (adjusted HR 
0.92, 95% CI 0.90 to 0.95), hPDI (adjusted HR 0.93, 95% CI 0.90 to 
0.96), and AHEI-2010 (adjusted HR 0.96, 95% CI 0.93 to 0.99) 
(Appendix 1, Supplementary Table S19).

Subgroup analysis
In subgroup analyses of genetic factors, the CKD genetic risk score 
did not significantly modify the association of incident CKD 
with either version of the EAT–Lancet index (Kesse-Guyot or 
Stubbendorff score) or with other dietary patterns (DASH, aMed, 
AHEI-2010, or hPDI) (Figure 2 and Appendix 2, Supplementary 
Figure S2). However, the single-nucleotide polymorphism 
rs2010352-G showed a significant interaction with the EAT–Lancet 
index on CKD risk (p for interaction <  0.001) (Figure 2 and 
Appendix 1, Supplementary Table S20), which was rated as moder­
ately credible by the ICEMAN tool (Appendix 4, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.250457/tab-related-content).

Participants with complete dietary information from UK Biobank
n = 210 883

Analytic sample 1: participants in the final analysis  n = 179 508

Incident CKD cases  n = 4819 (2.7%)

Analytic sample 2: metabolomics analysis  n = 98 065
Incident CKD cases  n = 2716 (2.8%)

Analytic sample 3: proteomics  analysis  n = 18 837
Incident CKD cases  n = 548 (2.9%)

Excluded  n = 31 375
• Outliers of energy intake (male: > 4200 or 
 < 600 kcal/d; female: > 3600 or < 500 kcal/d)
• Missing baseline CKD status data  n = 16 799
•  CKD at baseline  n = 12 506

Excluded  n = 160 671
• Missing proteomics data

Excluded  n = 81 443
• Missing NMR 
 metabolomics data

Figure 1: Study flow chart of participant selection and analytical cohorts. CKD = chronic kidney disease, NMR = nuclear magnetic resonance.
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For environmental factors, stronger inverse associations 
between the EAT–Lancet index (per 1-SD increase in Kesse-Guyot 
score) and CKD were observed among participants with lower 
residential green space (1000-m buffer: p for interaction = 0.008; 
300-m buffer: p for interaction = 0.09) and lower blue space at 
300 m (p for interaction = 0.1) (Figure 2). We noted similar trends 
for the Stubbendorff-based score (Appendix 2, Supplementary 
Figure S2). The interaction with residential green space (1000-m 
buffer) was considered moderately credible per ICEMAN (Appendix 4). 
No environmental factors significantly modified associations 
between CKD risk and the other dietary patterns (Figure 2).

We observed no significant effect modification for age, sex, race, 
Townsend deprivation index, physical activity, or history of diabetes 

on the association between the EAT–Lancet index and CKD (all p for 
interaction > 0.05; Appendix 2, Supplementary Figures S2 and S3).

Metabolic and proteomic signatures of the EAT–Lancet 
planetary health diet
Linear regression followed by Bonferroni correction identified 
146 metabolites significantly associated with the EAT–Lancet 
index (Kesse-Guyot score) (Appendix 1, Supplementary Table S21). 
LASSO regression refined these to 122 key metabolites, primarily 
comprising lipoprotein subclasses and fatty acids (Appendix 1, 
Supplementary Table S22; Appendix 2, Supplementary 
Figure  S4). Descriptive statistics of the resulting metabolic 
signature score are detailed in Appendix 1, Supplementary Table S23. 

Table 1 (part 1 of 2): Baseline characteristics of participants by incident chronic kidney disease status

Characteristic 

No. (%)* participants

SMD†
Developed incident CKD

n = 4819
Did not develop incident CKD

n = 174 689

Age, yr, mean ± SD 61.4 ± 6.1 55.8 ± 7.9 0.804

Sex, female 2413 (50.1) 95 585 (54.7) 0.093

Ethnicity, White 4633 (96.5) 167 157 (96.0) 0.063

Body mass index, mean ± SD 28.7 ± 5.1 26.8 ± 4.5 0.403

Townsend deprivation index, mean ± SD –1.6 ± 2.9 –1.6 ± 2.9 0.016

Smoking status 0.161

    Current 374 (7.8) 13 563 (7.8)

    Never 2377 (49.3) 99 472 (56.9)

    Previous 2053 (42.6) 61 225 (35.0)

Optimal physical activity 2463 (51.1) 95 552 (54.7) 0.129

Medical condition

    Hypertension 3524 (73.1) 86 667 (49.6) 0.498

    High cholesterol 1727 (35.8) 25 949 (14.9) 0.497

    Diabetes 621 (12.9) 6548 (3.7) 0.336

Alcohol consumption, g/d 0.137

    < 5 2330 (48.4) 73 489 (42.1)

    5–15 779 (16.2) 28 464 (16.3)

    ≥ 15 1710 (35.5) 72 736 (41.6)

Vitamin and mineral supplements 1713 (35.5) 61 883 (35.4) 0.036

Diet variation‡ 0.073

    Never or rarely 1605 (33.3) 62 141 (35.6)

    Often 451 (9.4) 13 279 (7.6)

    Sometimes 2755 (57.2) 98 913 (56.6)

Energy, kcal/d, mean ± SD 2026.6 ± 560.8 2051.6 ± 554.8 0.045

eGFR, mL/min/1.73 m2, mean ± SD 82 ± 12.4 96.1 ± 11.4 1.18

UACR, mg/g, mean ± SD 9.3 ± 5.9 9.1 ± 5.7 0.04

EAT–Lancet planetary health diet, mean ± SD

    Yi-Xiang score 48.6 ± 12.2 49.7 ± 12.6 0.086

    Knuppel score 8.6 ± 1.3 8.8 ± 1.3 0.095

    Stubbendorff score 20.7 ± 3.9 21.3 ± 4.1 0.13

    Kesse-Guyot score 20.9 ± 33.9 24.9 ± 34.3 0.118
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This score showed a significant positive correlation with the 
EAT–Lancet index (Spearman r = 0.2, p < 0.001; Appendix 2, 
Supplementary Figure S5).

Similarly, 420 proteins were significantly associated with the 
index after Bonferroni correction, with LASSO regression narrowing 
these to 143 key plasma proteins (Appendix 1, Supplementary Tables 
S24 and S25; Appendix 2, Supplementary Figure S4). Kyoto Encyclo­
pedia of Genes and Genomes enrichment analysis indicated their 
involvement in cytokine–cytokine receptor interactions, phagosome 
formation, cell adhesion molecules, and complement and coagula­
tion cascades (Appendix 1, Supplementary Table S26). Detailed 
descriptive statistics of the resulting proteomic signature score are 
provided in Appendix 1, Supplementary Table S23. The proteomic 
signature score was positively correlated with the EAT–Lancet index 
(Spearman r = 0.3, p < 0.001; Appendix 2, Supplementary Figure S5).

Metabolomic and proteomic profiles were also established for 
the DASH, aMed, hPDI, and AHEI-2010 diets (Appendix 1, 
Tables S27 to 34). Notably, 68 metabolites and 45 proteins were 
shared between the EAT–Lancet index and all other dietary pat­
terns (Appendix 2, Supplementary Figure S6).

Association of metabolic and proteomic signature 
scores of the EAT–Lancet index with incident CKD risk
In the metabolic and proteomic cohorts, 2716 (2.8%) and 548 (2.9%) 
participants developed CKD, respectively. As shown in Figure 3A 
and 3B, both the metabolic and proteomic signature scores of the 
EAT–Lancet index exhibited significant inverse linear associations 
with CKD risk. Each 1-SD increase in the metabolic signature score 
was associated with an 11% lower risk of CKD (adjusted HR 0.89, 
95% CI 0.85 to 0.93) (Figure 3A). Similarly, each 1-SD increase in the 
proteomic signature score was associated with a 20% risk reduction 
(adjusted HR 0.80, 95% CI 0.73 to 0.89) (Figure 3B). Furthermore, 
participants with high metabolic or proteomic signature scores 
showed a lower cumulative incidence of CKD than those with high 
EAT–Lancet index scores (Figure 3C and 3D).

Mediation analysis
The metabolic signature score significantly mediated 18.0% of 
the total effect of the EAT–Lancet index on CKD risk (p < 0.001; 
Figure 4A). Pathway-specific analysis identified 3 major mediat­
ing metabolic categories: fatty acids (12.0%), inflammation 

Table 1 (part 2 of 2): Baseline characteristics of participants by incident chronic kidney disease status

Characteristic 

No. (%)* participants

SMD†
Developed incident CKD

n = 4819
Did not develop incident CKD

n = 174 689

Dietary component, g/d, mean ± SD

    Fruits 214.3 ± 168.2 213.5 ± 168.7 0.004

    Vegetables 177.9 ± 157.3 184.2 ± 156.5 0.04

    Tubers and starchy vegetables 110.8 ± 100.3 95.7 ± 93.2 0.156

    Total grains 203.2 ± 112.3 213.7 ± 115.8 0.092

    Legumes 22.2 ± 35.8 22.5 ± 36.1 0.007

    Nuts 5.8 ± 13.6 6.8 ± 15.0 0.069

    Dairy 263.2 ± 147.3 261.6 ± 147.8 0.011

    Poultry 35.1 ± 54.6 34.4 ± 51.9 0.013

    Eggs 21.9 ± 40.9 21.0 ± 39.8 0.021

    Red meat 43 ± 52.5 39.4 ± 52.1 0.068

    Fish 30.5 ± 48.1 32.2 ± 47.5 0.035

    Added sugar 65 ± 37.4 64.4 ± 35.3 0.017

    Saturated fat 26.9 ± 11.6 26.8 ± 11.5 0.007

    Unsaturated fat 38.4 ± 15.5 39.1 ± 15.5 0.046

Green space, %, mean ± SD§

    300 m buffer 68.6 ± 14.2 67.7 ± 14.9 0.061

    1000 m buffer 71.5 ± 13.7 70.5 ± 14.4 0.076

Blue space, %, mean ± SD§

    300 m buffer 0.6 ± 1.1 0.6 ± 1.1 0.024

    1000 m buffer 1.0 ± 1.2 1.0 ± 1.3 0.033

CKD = chronic kidney disease, eGFR = estimated glomerular filtration rate, SMD = standardized mean difference, SD = standard deviation, UACR = urine albumin to 
creatinine ratio.
*Unless indicated otherwise.
†Values < 0.1 indicate no clinically meaningful difference between groups.
‡Diet variation: Based on the question, “Does your diet vary much from week to week?” (response options: never or rarely, sometimes, often).
§Green/Blue space, %: Proportion of all land-use types within a residential buffer that is classified as “Greenspace”/“Water.”
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(8.6%), and fluid balance (2.9%) (Figure 4B). Key mediators 
included the degree of unsaturation (the number of carbon–
carbon double bonds in fatty acids), glycoprotein acetyls, and 
docosahexaenoic acid (DHA) (Appendix 1, Supplementary 
Table S35; Appendix 2, Supplementary Figure S7).

The proteomic signature score mediated a more substantial 
proportion of the association, accounting for 27.2% of the total 
effect (p < 0.001; Figure 4C). Key mediating pathways included 
cytokine–cytokine receptor interaction (15.1%), efferocytosis 
(16.5%), and lysosome function (6.6%) (Figure 4D). Major protein 
mediators were hepatitis A virus cellular receptor 1 (HAVCR1), 
interleukin-18 receptor 1 (IL18R1), and pro-transforming growth 

factor α (Appendix 1, Supplementary Table S36; Appendix 2, 
Supplementary Figure S7).

Interpretation

In this large prospective cohort study, greater adherence to the 
EAT–Lancet planetary health diet was significantly associated 
with a reduced risk of incident CKD. This protective association 
was particularly evident among individuals with low residential 
green space exposure and specific genetic variants.

Greater adherence to the EAT–Lancet diet — assessed using 
4 different scoring methods — was consistently associated with a 

Table 2: Association between EAT–Lancet planetary health diet adherence, assessed by 4 scoring methods (Yi-Xiang, 
Knuppel, Stubbendorff, and Kesse-Guyot score), and incident chronic kidney disease risk

EAT–Lancet index Total No. (%) events 
Model 1* 

HR (95% CI)
Model 2† 

HR (95% CI)

Yi-Xiang score

Per 1-SD increment 179 508 4819 (2.7) 0.91 (0.89–0.94) 0.94 (0.91–0.97)

Quartiles

    Q1 (0–40) 42 822 1242 (2.9) Ref. Ref.

    Q2 (41–49) 45 915 1358 (3.0) 0.97 (0.90–1.05) 0.99 (0.92–1.07)

    Q3 (50–57) 42 017 1087 (2.6) 0.86 (0.79–0.93) 0.89 (0.82–0.97)

    Q4 (58–140) 48 754 1132 (2.3) 0.78 (0.72–0.85) 0.84 (0.77–0.91)

Knuppel score

Per 1-SD increment 179 508 4819 (2.7) 0.91 (0.88–0.94) 0.94 (0.92–0.97)

Quartiles

    Q1 (0–7) 28 898 860 (3.0) Ref. Ref.

    Q2 (8) 46 471 1342 (2.9) 0.94 (0.86–1.03) 0.96 (0.88–1.05)

    Q3 (9) 54 300 1472 (2.7) 0.88 (0.81–0.96) 0.92 (0.85–1.01)

    Q4 (10–14) 49 839 1145 (2.3) 0.76 (0.69–0.83) 0.85 (0.77–0.93)

Stubbendorff score

Per 1-SD increment 179 508 4819 (2.7) 0.87 (0.84–0.89) 0.91 (0.88–0.94)

Quartiles

    Q1 (0–17) 33 043 1013 (3.1) Ref. Ref.

    Q2 (18–20) 44 807 1283 (2.9) 0.88 (0.81–0.96) 0.91 (0.84–0.99)

    Q3 (21–23) 49 152 1355 (2.8) 0.84 (0.78–0.92) 0.91 (0.83–0.98)

    Q4 (24–41) 52 506 1168 (2.2) 0.69 (0.64–0.76) 0.78 (0.71–0.85)

Kesse-Guyot score

 Per 1-SD increment 179 508 4819 (2.7) 0.89 (0.86–0.91) 0.92 (0.90–0.95)

Quartiles

    Q1 (< 3.8) 44 877 1414 (3.2) Ref. Ref.

    Q2 (3.8 to < 22.9) 44 877 1238 (2.8) 0.89 (0.82–0.96) 0.90 (0.84–0.98)

    Q3 (22.9 to < 43.7) 44 877 1115 (2.5) 0.81 (0.74–0.87) 0.86 (0.79–0.93)

    Q4 (≥ 43.7) 44 877 1052 (2.3) 0.74 (0.68–0.80) 0.82 (0.76–0.90)

Note: CI = confidence interval, HR = hazard ratio, Ref. = reference, SD = standard deviation.
*Model 1: Adjusted for age, sex, race, body mass index, Townsend deprivation index, smoking status, physical activity, comorbidities (hypertension, diabetes, and high 
cholesterol), alcohol consumption, vitamin and mineral supplements, diet variation, and total energy.
†Model 2: Adjusted for covariates in Model 1, as well as genetic risk score for chronic kidney disease, and baseline renal function (estimated glomerular filtration rate and 
urine albumin-to-creatinine ratio).
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reduced risk of incident CKD. The Kesse-Guyot scores showed 
slightly stronger inverse associations, which may be attributable 
to their continuous and unbounded scoring systems that better 
capture individual variations in dietary intake. Notably, the mag­
nitude of risk reduction associated with the EAT–Lancet diet was 
comparable to that of established dietary patterns such as DASH, 
aMed, and hPDI, and slightly stronger than that of AHEI-2010.

A key commonality among these dietary patterns is their 
emphasis on higher consumption of vegetables, fruits, and nuts, 
and reduced intake of red meat — components consistently 
associated with lower CKD risk in previous studies.27–29 A distinct­
ive aspect of the EAT–Lancet diet is its specific limitation of 
added sugars and fats, which may further mitigate kidney risk 
through modulation of inflammation and oxidative stress path­
ways.30,31 These results underscore the potential of the EAT–
Lancet diet as an effective dietary strategy for CKD prevention.

Subgroup analyses showed that the association between 
adherence to the EAT–Lancet diet and reduced risk of CKD was 
modified by specific genetic and environmental factors. A 
significant interaction was observed with the rs2010352 genetic 
variant, located near the AK6 gene involved in adenosine 
metabolism.32 This variant may influence adenosine signalling, 
potentially modulating diet-induced inflammation, oxidative 
stress, and fibrosis, thereby affecting CKD risk.33 This suggests 

that individuals with different AK6 genotypes may respond dif­
ferently to the EAT–Lancet diet, highlighting a potential role for 
genetically informed dietary recommendations. Additionally, 
residential green space exposure modified this association, 
with a stronger protective effect of the diet observed among 
individuals with lower green space availability. This may indi­
cate a compensatory role of diet in mitigating environmental 
risks. Notably, no interaction was found with overall genetic 
risk score for CKD or with socioeconomic status (as measured 
by Townsend deprivation index), supporting the idea that the 
benefits of the EAT–Lancet diet could be broadly applicable 
across genetic backgrounds and that green space may exert an 
independent environmental effect. These findings highlight the 
potential for targeted dietary strategies based on genetic and 
environmental contexts.

We identified 122 metabolites and 143 proteins significantly 
associated with EAT–Lancet adherence. Notably, while many bio­
markers (e.g., ghrelin upregulation and very low-density lipo­
protein lipid reduction) were shared with other healthy diets 
such as DASH and aMed — helping explain their similar protect­
ive effects24,34 — 23 biomarkers were unique to the EAT–Lancet 
diet. These included complement component 3 and endoglin, 
which may identify individuals most likely to benefit from this 
dietary pattern.35,36 Integration of these omics signatures with 

Subgroups

Genetic risk score for CKD
  Low
  High (< median)
  p for interaction

rs2010352
  AA
  AG
  GG
  p for interaction

Residential green at 1000 m
  Low
  High (≥ median)
  p for interaction

Residential green at 300 m
  Low
  High (≥ median)
  p for interaction

Blue space at 1000 m
  Low
  High (≥ median)
  p for interaction

Blue space at 300 m
  Low
  High (≥ median)
  p for interaction

EAT−Lancet index

HR (95% CI)*

0.91 (0.87–0.95)
0.94 (0.91–0.98)
0.2

0.99 (0.94–1.04)
0.94 (0.90–0.98)
0.84 (0.79–0.89)
< 0.001

0.89 (0.85–0.92)
0.96 (0.92–1.00)
0.008

0.90 (0.86–0.94)
0.95 (0.91–0.99)
0.09

0.92 (0.88–0.96)
0.93 (0.89–0.97)
0.7

0.90 (0.86–0.94)
0.95 (0.91–0.99)
0.1

0.80 0.90 1.0 1.1

hPDI

0.91 (0.87–0.95)
0.95 (0.91–0.99)

0.2

0.97 (0.91–1.02)
0.94 (0.90–0.98)
0.87 (0.82–0.93)

0.045

0.90 (0.86–0.94)
0.94 (0.90–0.98)

0.2

0.90 (0.86–0.94)
0.93 (0.89–0.97)

0.3

0.92 (0.88–0.96)
0.91 (0.87–0.96)

0.8

0.91 (0.87–0.95)
0.93 (0.89–0.97)

0.5

0.80 0.90 1.0 1.1

DASH

0.89 (0.85–0.93)
0.92 (0.88–0.96)

0.2

0.94 (0.89–0.99)
0.91 (0.87–0.95)
0.86 (0.81–0.92)

0.1

0.87 (0.84–0.91)
0.92 (0.88–0.96)

0.08

0.88 (0.84–0.92)
0.92 (0.88–0.96)

0.1

0.89 (0.85–0.93)
0.91 (0.87–0.95)

0.6

0.89 (0.85–0.92)
0.91 (0.87–0.95)

0.3

0.80 0.90 1.0 1.1

aMed

0.91 (0.87–0.95)
0.93 (0.90–0.97)

0.4

0.94 (0.89–1.00)
0.93 (0.89–0.97)
0.90 (0.84–0.96)

0.5

0.89 (0.85–0.93)
0.93 (0.89–0.97)

0.2

0.89 (0.85–0.93)
0.93 (0.89–0.97)

0.2

0.92(0.88–0.96)
0.90 (0.86–0.94)

0.7

0.91 (0.87–0.95)
0.91 (0.87–0.95)

1.0

0.80 0.90 1.0 1.1

AHEI−2010

0.94 (0.90–0.98)
0.97 (0.93–1.01)

0.3

0.99 (0.93–1.04)
0.94 (0.90–0.98)
0.97 (0.91–1.03)

0.3

0.90 (0.86–0.94)
0.95 (0.91–0.99)

0.07

0.90 (0.86–0.94)
0.94 (0.90–0.98)

0.2

0.91 (0.88–0.96)
0.92 (0.88–0.97)

0.8

0.91 (0.87–0.95)
0.94 (0.89–0.98)

0.3

0.80 0.90 1.0 1.1

Figure 2: Subgroup analyses of associations between dietary patterns (per 1 standard deviation increase) and chronic kidney disease (CKD) risk, strati­
fied by genetic and environmental factors, adjusted for age, sex, race, body mass index, Townsend deprivation index, smoking status, physical activity, 
comorbidities (hypertension, diabetes, and high cholesterol), alcohol consumption (adjusted for EAT–Lancet index, Dietary Approaches to Stop Hyper­
tension [DASH], and healthful Plant-Based Diet Index [hPDI]), vitamin and mineral supplements, diet variation, total energy, genetic risk score for CKD 
(not adjusted when stratified by genetic factors), and baseline renal function (estimated glomerular filtration rate and urine albumin-to-creatinine 
ratio). The EAT–Lancet index was defined by the Kesse-Guyot score. Note: AHEI-2010 = Alternative Healthy Eating Index–2010, aMed = Alternate Medi­
terranean diet, CI = confidence interval, HR = hazard ratio. *Unless otherwise specified. 
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dietary data offers a promising approach to personalizing nutri­
tion strategies for CKD prevention.

The association between the EAT–Lancet diet and a reduced 
risk of CKD was partially mediated — accounting for about 18% 
to 27% of the protective effect — through specific metabolomic 
and proteomic pathways.

Three major metabolite categories were identified as media­
tors: anti-inflammatory fatty acids (e.g., DHA), inflammatory 
markers, and fluid balance regulators. These align closely with 
established CKD pathophysiology.37,38 Polyunsaturated fatty 
acids such as DHA are known to attenuate renal inflammation 
and oxidative stress, both key drivers of CKD progression.39 
Inflammatory glycoproteins reflect subclinical immune activa­
tion, commonly elevated in CKD,38 while fluid-regulating metab­

olites help maintain vascular and tubular homeostasis.40,41 The 
EAT–Lancet diet, rich in unsaturated fats, polyphenols, and high-
quality protein, may directly modulate these metabolic path­
ways, thereby mitigating renal damage.42–44

Four key biological pathways mediated the diet–CKD associa­
tion: cytokine–cytokine receptor interaction, efferocytosis, lyso­
somal function, and phagosomal regulation. These are critically 
implicated in CKD pathogenesis. For example, cytokine receptors 
(e.g., IL18R1) modulate inflammatory responses that promote 
fibrosis,45 while efferocytosis-related proteins (e.g., HAVCR1 or kid­
ney injury molecule-1) are involved in clearing damaged cells and 
the renal fibrosis process.46 Lysosomal and phagosomal pathways 
maintain cellular homeostasis and are often impaired in CKD.47 The 
EAT–Lancet diet, through its anti-inflammatory and lipid-modifying 
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Figure 3: Dose–response curves show the association between the metabolic (A) and proteomic (B) signature scores of the EAT–Lancet diet and the risk 
of chronic kidney disease (CKD). The reference point (hazard ratio [HR] 1) corresponds to the median value of each score. Cumulative incidence of CKD 
by dichotomized exposure levels (low v. high, using the median as cut-off) for the EAT–Lancet diet, metabolic signature score (C), and proteomic signa­
ture score (D). Median values were 22.9 for the EAT–Lancet diet (Kesse-Guyot score), –0.1 for the metabolic score, and 0.3 for the proteomic score. Note: 
CI = confidence interval, SD = standard deviation.
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components, may enhance efferocytic capacity and restore lyso­
somal function, thereby preserving kidney integrity.48–50

Collectively, these multi-omics mechanisms reflect the diet’s 
potential to simultaneously target inflammation, lipid metab­
olism, and cellular clearance processes — highlighting its poten­
tial role in personalized CKD prevention strategies.

Our findings offer several clinically relevant implications for 
both clinicians and patients. The EAT–Lancet diet may provide a 
practical, evidence-based dietary framework for CKD prevention, 
with clearly defined recommendations across 14 food groups 
that facilitate clinical application and patient adherence. Its 
benefits seem particularly pronounced among high-risk sub­
groups — such as individuals with specific genetic variants (e.g., 
rs2010352) or limited residential green space — enabling more 
personalized and stratified dietary guidance.

The multi-omics biomarkers identified in this study further 
enhance personalization by offering objective tools to monitor 

metabolic and proteomic responses, potentially allowing clin­
icians to track adherence and tailor dietary advice based on indi­
vidual physiologic profiles. Importantly, the EAT–Lancet diet aligns 
with broader chronic disease prevention goals, supporting overall 
health beyond CKD.4 These insights reinforce the value of integrat­
ing planetary health principles with precision nutrition, paving the 
way for functionally enriched foods and targeted dietary strategies 
that benefit high-risk individuals across multiple disease domains.

Limitations

Although the dietary assessment method used has been exten­
sively validated,17 the reliance on 24-hour dietary questionnaires 
may introduce recall bias and might not fully represent long-term 
dietary patterns. However, sensitivity analyses excluding partici­
pants with only 1 dietary assessment yielded consistent results 
among those with repeated measures (median 3) (Appendix  1, 
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Figure 4: Mediation analysis of the association between the EAT–Lancet index and chronic kidney disease (CKD) risk through (A) overall metabolic 
signature score, (B) specific metabolic pathways, (C) overall proteomic signature score, and (D) specific proteomic pathways. βIE represents the indirect 
effect of the metabolic or proteomic signature or pathways on incident CKD; βDE indicates the direct effect of the EAT–Lancet index. Models were adjusted 
for age, sex, race, body mass index, Townsend deprivation index, smoking status, physical activity, comorbidities (hypertension, diabetes, and high 
cholesterol), alcohol consumption, vitamin and mineral supplements, diet variation, total energy intake, genetic risk score for CKD, and baseline renal 
function (estimated glomerular filtration rate [eGFR] and urine albumin-to-creatinine ratio). The EAT–Lancet index was defined using the Kesse-Guyot 
score. Note: CI = confidence interval, KEGG = Kyoto Encyclopedia of Genes and Genomes.
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Supplementary Table S18), supporting the robustness of our 
findings. Despite adjustment for numerous confounders, residual 
confounding may persist owing to unmeasured health-seeking 
behaviours. Moreover, self-reported measures of smoking, alco­
hol use, and physical activity are susceptible to social desirability 
bias, potentially leading to nondifferential misclassification. 
While ICD-10 codes have demonstrated high specificity (≥ 0.90) in 
identifying CKD patients in validation studies,51 their sensitivity is 
variable and some patients with CKD may have been missed. 
This could potentially lead to an underestimation of the true 
association between EAT–Lancet diet adherence and CKD risk. 
Finally, the UK Biobank cohort is predominantly White and older, 
limiting generalizability to other ethnic and age groups.

Conclusion

Adherence to the EAT–Lancet diet is associated with a lower risk of 
incident CKD, particularly in individuals with low green-space 
exposure and specific genetic variants. The protective effect is par­
tially mediated through multi-omic pathways related to inflamma­
tion, lipid metabolism, and cellular homeostasis. These findings 
support the adoption of planetary health diets in CKD prevention 
and underscore the value of personalized nutrition strategies that 
incorporate genetic, environmental, and molecular profiling.
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