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Abstract

Background and objectives

The relationship between increased inflammatory diet patterns and chronic kidney
disease (CKD) remains unknown and has not been investigated in large cohorts.

Methods

A total of 154,070 adults registered in UKB database were enrolled and followed,
free of CKD and eGFR>90 mL/min/1.73 m2 at baseline. The energy-adjusted dietary
inflammatory index (E-DII) was evaluated using the 24-h recall diet. Cox proportional
hazards regression models were used, adjusting for confounders such as demo-
graphic indicators, socioeconomic status, and lifestyle factors. Additionally, a sub-
group analysis was conducted to investigate the relationship with incident CKD. The
nonlinear relationship between E-DIl and CKD risk was analyzed using a restricted
cubic spline.

Results

During a median follow-up of 11.4 years, 3402 (2.21%) cases occurred. After adjust-
ment for all potential confounders, a higher E-DIl was associated with an increased
risk of incident CKD (HR for 1 unit increment: 1.05 (1.00-1.10), p=0.034). According
to the result of the restricted cubic spline, when E-DII>1.857, the risk of early-stage
CKD would increase significantly.
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Conclusions

A higher pro-inflammatory diet was associated with an increased risk of early-stage
CKD in the fully adjusted model. An anti-inflammatory diet may serve as a potential
preventive strategy for early-stage CKD, although causal inference cannot be estab-
lished from this observational study.

Introduction

Chronic kidney disease (CKD) is a progressive disease with high morbidity and mor-
tality. There is a substantial global burden of CKD [1]. The number of CKD patients
worldwide in 2017 was 697.5 million, with 1.2 million deaths each year attributed to
CKD [2]. Concurrently, the progression of CKD is frequently accompanied by the
onset of cardiovascular diseases (CVD), which has a further detrimental effect on
the prognosis for CKD patients. A substantial body of research has indicated that the
risk of cardiac arrest is significantly elevated, particularly among dialysis patients in
the advanced stages of CKD [3,4]. Therefore, CKD is estimated to become the fifth
leading cause of death worldwide by 2040 [5]. There is emerging evidence that con-
tinuous low-grade chronic systemic inflammation plays a significant role in the patho-
genesis of early-stage CKD [6]. Some inflammatory biomarkers, C-creative protein
(CRP), TNF-R1, and TNF-a, have been associated with incident CKD [7,8]. During a
28-year follow-up study, soluble tumor necrosis factor receptors 1 and 2 (sTNFR-1/2)
were associated with CKD in patients with type 1 diabetes mellitus [9].

Studies have demonstrated that unhealthy diets contribute to the development of
CKD. Regulating systemic circulating inflammatory factors with a healthy diet pattern
can be a viable strategy to prevent CKD [10]. For instance, a whole food plant-based
diet may reduce glomerular hyperfiltration and protect kidney function by containing
anti-inflammatory properties [11]. Dietary pattern accounts for the potential interplay
of nutrients in whole diets compared to individual nutrients. Therefore, the relationship
between dietary patterns and disease is often investigated [12]. It is unclear whether
long-term pro-inflammatory diets are associated with CKD. Since most dietary patterns
were not designed to comprehensively explain their potential inflammatory effects, it is
unclear whether long-term pro-inflammatory diets are associated with incident CKD.
The Dietary inflammatory index (DIl) was designed based on concentrations of IL-6,
TNFa-R2 and CRP in the literature, it is the first comprehensive indicator to translate
individual food intake into an overall inflammatory potential [13]. Various dietary pat-
terns with a higher pro-inflammatory potential have been found to be associated with an
increased risk of chronic cardiovascular disease. Limiting the pro-inflammatory potential
of the diet may be a viable method for CVD prevention [14]. Studies have shown that a
pro-inflammatory diet is associated with decreased kidney function [15-17]. The rela-
tionship between inflammatory diets and incident CKD remains unknown and it has not
been investigated in a large cohort study. In this study, our objective was to investigate
the association between E-DII and incident CKD. The relationship between E-DIl and
systemic inflammation was further evaluated.
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Methods
Study population

The UK Biobank study is a prospective population-based cohort with more than 500,000 participants aged 40-70, with
available data and open access (https://www.ukbiobank.ac.uk/). The study design has been described in detail [18]. In
UKB study, demographic characteristics, sociodemographic status, behaviors, and renal function were collected.

Of these participants, 211,002 completed the 24-hour recall dietary questionnaire in 2009-2012. Exclusion criteria: 1.
Participants with missing data at baseline, including age, gender, education, waist-hip ratio, Townsend deprivation index,
BMI, alcohol, smoking status, ethnicity, employment, physical activity. 2. Participants with history of cancer. 3. Participants
with history of chronic kidney disease, end-stage renal disease, or incidence before follow-up. 4. Participants with missing
data of eGFR and stage of CKD greater than 1. After the exclusion of 56,932 participants, the remaining 154,070 individu-
als were enrolled (Fig 1).

Calculation of the energy-adjusted dietary inflammatory index

From 2009-2012, the participants completed an online 24-h dietary recall questionnaire, including the first assessment
(April 2009 to September 2010), online cycle 1 (February 2011 to April 2011), online cycle 2 (June 2011 to September
2011), online cycle 3 (October 2011 to December 2011), online cycle 4 (April 2012 to June 2012). Volunteers completed
online dietary questionnaires after completing the informed consent process. E-DIl was previously calculated based on
the literature [13,19]. The total E-DII score for each individual is calculated by normalizing a predetermined intake of 45
foods to the central proportions, multiplying them by the respective weights of the inflammatory effect, and summarizing
them. The average intake of each parameter was adjusted by 1000 kcal to control the effect of energy consumption on the

UK Biobank 2006-2020 (n = 502,485)

y

Participants in the diet by 24-hour recall
questionnaire in 2009-2012 (n = 211,002)

Exclution criteria:

1. Participants with missing data at baseline,
including age, gender, education, waist-hip ratio,

townsend deprivation index, BMI, alcohol,
smoking status, ethnicity, employment, physical
activity (n = 11,681)

2. Participants with history of cancer (n = 17,578)
3. Participants with history of chronic kidney
disease, end-stage renal disease, or incidence
before follow-up (n = 1,140)

4. Participants with missing data of eGFR and
stage of CKD greater than 1 (n = 26,533)

Total participants (n = 56,932)

\
Eligible participants (n = 154,070)

Fig 1. Study flow diagram.

https://doi.org/10.1371/journal.pone.0341502.9001
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nutrient intake. A higher E-DII positive score indicates pro-inflammatory diets, and a lower E-DIl negative score indicates
anti-inflammatory diets [13]. A total of 29 food parameters are available in the UKB database that include saturated fat,
total fat, energy, cholesterol, vitamin B12, carbohydrate, protein, MUFA, niacin, riboflavin, caffeine, folic acid, Fe, Se, Mg,
niacin, thiamin, Vitamin A, Vitamin C, Vitamin D, Vitamin E, fiber, Zn, green/black tea, garlic, alcohol, Vitamin B6,
B-Carotene, and, onion. Studies showed that predictive power was not affected when less than 30 dietary parameters
were used. E-DIl was calculated without considering the outcome [15,20].

Assessment of CKD and other covariates

According to the International Classification of Diseases (ICD10) code from first in-patient diagnosis. Early-stage CKD was
defined as stage G1-3, and moderate to late-stage CKD was defined as stage G4-5. The estimated glomerular filtration
rate (eGFR) was calculated from creatinine and cystatin C using the Modification of Diet in Renal Disease (MDRD) equa-
tion. The CKD was graded based on the guideline [21], eGFR stage G1: eGFR =90 ml/min/1.73m?. Stage G2: 60—89 ml/
min/1.73m?. Stage G3a: 45-59 ml/min/1.73m?2. Stage G3b: 30—44 ml/min/1.73m?. Stage G4: 15—29 ml/min/1.73m?. Stage
G5:<15 ml/min/1.73m?2.

Demographic indicators, socioeconomic status, and lifestyle at baseline, including age, biological gender, race,
Townsend deprivation index, body mass index (BMI), education, occupation, smoking, alcohol consumption, frequency of
physical activity (>10 mins/week), sleep duration, waist-to-hip ratio (WHratio), creatinine, cystatin C, Self-reported hyper-
tension, CKD, diabetes, and heart disease were collected from participants at baseline. Angiotensin-converting enzyme
inhibitors (ACElIs), statins, insulin, metformin, vitamin, and micronutrient supplements were also recorded. The systemic
inflammation index (Sll) was constructed by the formula: platelet count*neutrophil count/lymphocyte count.

Statistical analysis

We calculated E-DlII scores for five cycles and averaged by the number of attended records. Quartiles of E-DIl scores
were computed using COX proportional risk regression analysis to calculate hazard ratios (HR) and 95% confidence
intervals (Cls) of CKD risk. The median of each quartile was assigned to quantify a linear trend. Potential confounders
were screened by univariate COX analysis (S3 Table) (p<0.05). Model 1 adjusted for age and gender. Model 2 added
education, employment, smoking status, alcohol consumption, frequency of physical activity (> 10 mins/week), BMI, sleep
duration, and waist-to-hip ratio to Model 1. Model 3 added a history of hypertension, diabetes, chronic heart disease,
ACEls, statins, insulin, and metformin to Model 2. The interaction effect between subgroups was examined in the stratifi-
cation analysis, adjusting for potential confounders in model 3. Furthermore, restricted cubic splines were used to assess
the nonlinear relationship between E-DII and incident CKD, adjusting for all cofounders in Model 3. The Spearman cor-
relation coefficients between E-DII and inflammatory indicators and renal function were calculated. All statistical analyses
were performed using R for Windows, version 4.1.2., and Stata, version 16. A two-sided p-value of less than 0.05 was
considered statistically significant.

Results
Baseline characteristics of the study population

A total of 154,070 individuals participated in the study. Subjects were divided into four E-DII quartiles, including 1%t quartile
(0.75+0.47), 2™ quartile (1.58+0.16), 3™ quartile (2.14+0.17), 4™ quartile (3.03+0.49). Those in the highest quartile of
E-DIl were more likely to be male, non-white, lower school graduates, lower Townsend deprivation index, in paid employ-
ment, current smokers, higher BMI, and less likely to drink daily than those in the lowest quartiles (all p<0.05). Those in
the highest quartile of E-DIl were more likely to have hypertension, diabetes, chronic heart disease, ACEls, 3-blocker,
statins, insulin, metformin, and vitamin supplement use, and less likely to have mineral supplements than those in the
lowest quartiles (all p<0.05). The details are shown in Table 1.
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Table 1. Baseline characteristics of participants in the UKB stratified by the quartile of energy-adjusted dietary inflammatory index.

Characteristics Quartile 1 Quartile 2 Quartile 3 Quartile 4

N 38517 38518 38518 38517

Age, years 56.15 (7.95) 55.84 (7.92) 55.53 (7.91) 55.17 (8.01)
Gender, male 17001 (44.1) 17517 (45.5) 18478 (48.0) 19152 (49.7)
Ethnicity, white 37112 (96.4) 37134 (96.4) 37022 (96.1) 36526 (94.8)
Townsend deprivation index -1.74 (2.78) -1.69 (2.81) -1.62 (2.85) -1.42 (2.96)
E-DII 0.75 (0.47) 1.58 (0.16) 2.14 (0.17) 3.03 (0.49)
Education

Less than high school 11170 (29.0) 11624 (30.2) 12665 (32.9) 14407 (37.4)
High school or equivalent 7074 (18.4) 7182 (18.6) 7178 (18.6) 7543 (19.6)
Prefessional qualifications 1836 (4.8) 1945 (5.0) 1872 (4.9) 1877 (4.9)

College or above

18437 (47.9)

17767 (46.1)

16803 (43.6)

14690 (38.1)

Employment

Home 2405 (6.2) 2408 (6.3) 2428 (6.3) 2918 (7.6)

In paid employment 23755 (61.7) 24274 (63.0) 24710 (64.2) 24984 (64.9)
Retired 12357 (32.1) 11836 (30.7) 11380 (29.5) 10615 (27.6)

Smoking status

Never 22611 (58.7) 22264 (57.8) 21860 (56.8) 21002 (54.5)
Former 13336 (34.6) 13566 (35.2) 13642 (35.4) 13687 (35.5)
Current 2570 (6.7) 2688 (7.0) 3016 (7.8) 3828 (9.9)
Alcohol

Never 2006 (5.2) 2088 (5.4) 2194 (5.7) 2860 (7.4)
<1 times/week 7370 (19.1) 7349 (19.1) 7778 (20.2) 8769 (22.8)
1-2 times/week 9547 (24.8) 9698 (25.2) 9500 (24.7) 9704 (25.2)
3-4 times/week 10352 (26.9) 10204 (26.5) 9911 (25.7) 9017 (23.4)
Daily 9242 (24.0) 9179 (23.8) 9135 (23.7) 8167 (21.2)
Frequency of 10+min/week

0-6 times/week 7036 (18.3) 7289 (18.9) 7511 (19.5) 7203 (18.7)
7-9 times/week 8672 (22.5) 8921 (23.2) 8611 (22.4) 8038 (20.9)
10-12 times/week 9254 (24.0) 8979 (23.3) 8955 (23.2) 8509 (22.1)
13-15 times/week 7500 (19.5) 7444 (19.3) 7374 (19.1) 7643 (19.8)
16-21 times/week 6055 (15.7) 5885 (15.3) 6067 (15.8) 7124 (18.5)
Sleep duration, hours 7.17 (0.99) 7.16 (1.02) 7.14 (1.05) 7.10 (1.12)
BMI, kg/m? 26.63 (4.49) 26.76 (4.50) 26.96 (4.55) 27.20 (4.71)
WHeratio, % 0.86 (0.09) 0.86 (0.09) 0.87 (0.09) 0.87 (0.09)
Hypertension, % 18713 (48.6) 18887 (49.0) 19213 (49.9) 19430 (50.4)
Diabetes, % 1084 (2.8) 1128 (2.9) 1226 (3.2) 1366 (3.5)
Chronic heart disease, % 1203 (3.1) 1249 (3.2) 1330 (3.5) 1463 (3.8)
ACEls use, % 2997 (7.8) 3156 (8.2) 3269 (8.5) 3292 (8.5)
B-blocker use, % 1874 (4.9) 1982 (5.1) 2049 (5.3) 2111 (5.5)
Statins, % 5008 (13.0) 5271 (13.7) 5373 (13.9) 5463 (14.2)
Insulin, % 171 (0.4) 159 (0.4) 176 (0.5) 206 (0.5)
Metformin, % 687 (1.8) 797 (2.1) 845 (2.2) 865 (2.2)

Vitamin supplement use, %

12401 (32.2)

12452 (32.3)

12426 (32.3)

12561 (32.6)

Mineral supplement use, %

16982 (44.1)

17006 (44.2)

16712 (43.4)

16289 (42.3)

Normally distributed data are expressed as mean and SD, non-normally distributed data are expressed as median and quartiles, the rest are expressed
as counts and percentages. E-DII, energy-adjusted dietary inflammatory index. BMI, body mass index. WHratio, waist-to-hip ratio. ACEls, angiotensin
converting enzyme inhibitors.

https://doi.org/10.1371/journal.pone.0341502.t001
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Association between the energy-adjusted dietary inflammatory index and incident CKD

During a median follow-up of 11.4 years, a total of 3402 (2.21%) cases were documented. When the outcome was defined
as all incident CKD, the HR (95% CI) was 1.06 (1.03—1.10) in model 1 (p=0.002). The HR (95% CI) was 1.01 (0.97-1.05)
for model 2 (p=0.6) and 1.00 (0.97-1.04) for model 3 (p=0.86), which were considered not significant. Furthermore, in
model 2, those in the 4" quartile of E-DII had an 11% higher risk of CKD compared with those in the 15t quartile, the HR
(95% CI) was 1.11 (1.01-1.22), p for trend <0.001. However, no similar associations were observed in the other models.
When the outcome was early-stage CKD, in model 3, after adjusting for all potential confounders, the HR (95% CI) was
1.05 (1.00-1.10), p=0.034. In Model 1, the HR (95% CI) was 1.28 (1.14—1.43), p for trend <0.001. Similarly, in Model 2,
the HR (95% CI) comparing the 4th quartile with the 1%t quartile was 1.13 (1.01-1.27), p for trend=0.010, those in the 4"
quartile of E-DII had a 13% higher risk compared with those in the 1%t quartile. A similar trend could be observed for model
3 (p for trend=0.023). Based on the definition of outcome as moderate to late CKD, no statistically significant differences

were found (Table 2).

The association between energy-adjusted dietary inflammatory index, inflammation indicators, and risk of CKD

The association between the E-DII score, inflammation indicators, renal function, and blood lipids was analyzed. We
found weak correlations between E-DII and other markers (Fig 2a). The nonlinear relationship between the E-DII score
with inflammation indicators was analyzed. It showed that the E-DIl score was positively nonlinear associated with CRP

Table 2. HR and 95%CI for chronic kidney disease by the quartile of energy-adjusted dietary inflammatory index.

HR (95%Cl) p value | Quartile of average dietary inflammatory index p for trend

Quartile 1 Quartile 2 Quartile 3 Quartile 4

0.87 [0.52-1.10] | 1.59 [1.44-1.73] | 2.13 [1.99-2.28] | 2.90 [2.65-3.28]
CKD stage G1-G5
Cases/person-year 854/441283 7871440927 882/440135 879/437589
Crude 1.02 (0.98-1.06) | 0.246 | 1.00 (ref.) 0.92 (0.84-1.02) | 1.04 (0.94-1.14) | 1.04 (0.95-1.15) | 0.143
Multivariable Model 1 1.06 (1.03-1.10) | 0.002 | 1.00 (ref.) 0.96 (0.87-1.06) | 1.11 (1.01-1.22) | 1.15 (1.04-1.26) | <0.001
Multivariable Model 2 1.01 (0.97-1.05) | 0.600 | 1.00 (ref.) 0.94 (0.85-1.03) | 1.04 (0.95-1.14) | 1.02 (0.92-1.12) | 0.373
Multivariable Model 3 1.00 (0.97-1.04) | 0.86 1.00 (ref.) 0.92 (0.84-1.02) | 1.02 (0.93-1.12) | 1.00 (0.91-1.10) | 0.591
Early-stage CKD (G1-G3)
Cases/person-year 580/443806 547/443245 626/442709 608/440109
Crude 1.06 (1.01-1.11) | 0.012 | 1.00 (ref.) 0.96 (0.85-1.08) | 1.10 (0.99-1.24) | 1.13 (1.01-1.27) | 0.008
Multivariable Model 1 1.11 (1.06-1.16) | <0.001 | 1.00 (ref.) 1.00 (0.89-1.13) | 1.19 (1.06-1.33) | 1.28 (1.14-1.43) | <0.001
Multivariable Model 2 1.06 (1.01-1.10) | 0.017 | 1.00 (ref.) 0.98 (0.87-1.10) | 1.11 (0.99-1.25) | 1.13 (1.01-1.27) | 0.010
Multivariable Model 3 1.05 (1.00-1.10) | 0.034 | 1.00 (ref.) 0.97 (0.86-1.09) | 1.09 (0.97-1.2 2) | 1.11 (0.99-1.25) | 0.023
Moderate- and end- stage CKD (G4-G5)
Cases/person-year 389/442727 353/442274 388/441707 393/439047
Crude 1.02 (0.96-1.07) | 0.59 1.00 (ref.) 0.91 (0.79-1.05) | 1.00 (0.87-1.15) | 1.03 (0.89-1.18) | 0.476
Multivariable Model 1 1.05 (0.99-1.11) | 0.086 | 1.00 (ref.) 0.94 (0.82-1.09) | 1.06 (0.92-1.22) | 1.12 (0.97-1.29) | 0.056
Multivariable Model 2 0.99 (0.93-1.04) | 0.645 | 1.00 (ref.) 0.92 (0.79-1.06) | 0.98 (0.85-1.13) | 0.96 (0.83-1.11) | 0.786
Multivariable Model 3 0.98 (0.93-1.04) | 0.492 | 1.00 (ref.) 0.90 (0.78-1.04) | 0.96 (0.83-1.10) | 0.94 (0.82-1.09) | 0.593
Early-stage CKD was defined as stage I-1ll, moderate to late-stage CKD was defined as stage IV-V. Cl, confidence interval; HR, hazard ratio. Multi-

variable Model 1, adjusted for age and gender. Multivariable Model 2, adjusted for age and gender education, employment, smoking status, alcohol
consumption, frequency of physical activity (> 10 mins/week), BMI, sleep duration, and WHratio. Multivariable Model 3, adjusted for age and gender
education, employment, smoking status, alcohol consumption, frequency of physical activity (> 10 mins/week), BMI, sleep duration, WHratio, history of
hypertension, diabetes, chronic heart disease, ACEls, statins, insulin, and metformin.

https://doi.org/10.137 1/journal.pone.0341502.t002
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Fig 2. The association between the energy-adjusted dietary inflammatory index and incident CKD. a) Heatmap of kidney function, inflammatory
indicators and the DIl score.Restricted cubic splines of E-DII with b) CRP and c) Sll. The dose-response relationship of the E-DII with d) all incident
CKD, e) early-stage CKD and f) moderate to late CKD.

https://doi.org/10.1371/journal.pone.0341502.9002

(p for nonlinear<0.001, Fig 2b). The Sll score also showed the same positive trend, although insignificant (p for nonlin-
ear=0.1194, Fig 2c).

Furthermore, restricted cubic spline models were used to flexibly explore nonlinear relations between the E-DII
score and CKD risk (Fig 2d—f). There was a dose-response relationship between the E-DIl score and early-stage CKD.
Upon reaching 1.857 on the E-DII score, the risk of early-stage CKD increased until reaching the maximum HR (p for
nonlinear=0.04). When the E-DII score < 1.857 was taken as a reference group, the risk of early-stage CKD was 1.12
(1.03-1.21), p<0.001. A significant nonlinear relationship was not identified for moderate to late CKD and all incident
CKD.
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Stratified analyses of the dietary inflammatory index for association with the risk of CKD

All potential confounders were adjusted in the stratified analysis. When the outcome was defined as all incident CKD and
moderate to late CKD, the association was generally consistent across all subgroups, stratified by all potential risk con-
founders (p for interaction>0.05). However, when the outcome was defined as early-stage CKD, there was a difference
between subgroups of frequency of physical activity (> 10 mins/week) (P for interaction=0.037). The association was
statistically insignificant in the remaining subgroups (p for interaction>0.05). More details are given in Fig 3 and S1 Table.

Discussion

In this population-based cohort study, a dietary index based on a literature review was used to assess the inflammatory
potential of a diet pattern, and the association between the E-DII score and the risk of CKD was further investigated. An
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Fig 3. Subgroup analysis and HR (95% CI) for incident CKD associated with energy-adjusted dietary inflammatory index. Adjusted for age and
gender education, employment, smoking status, alcohol consumption, frequency of physical activity (> 10 mins/week), BMI, sleep duration, WHratio,
history of hypertension, diabetes, chronic heart disease, ACEls, statins, insulin, and metformin.

https://doi.org/10.1371/journal.pone.0341502.9003
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increased risk of CKD was observed in the large UK Biobank cohort for higher E-DII scores. Furthermore, this significant
association was only present in early-stage CKD and not in moderate to late CKD and all incident CKD. Compared to indi-
viduals with lower E-DII scores, the diet with higher inflammatory potential showed an 11% higher risk in early-stage CKD.
Furthermore, the risk of early-stage CKD showed a dose-response relationship with the E-DII score. After the E-DII score
reached 1.857, the risk of early-stage CKD started to rise significantly. A stratified analysis revealed differences between
subgroups of physical activity. The associations were generally consistent in each subgroup, which indicates the robust-
ness of the results. In summary, a higher pro-inflammatory diet was associated with an increased risk of early-stage CKD,
but not with moderate to late CKD and all incident CKD. Our results expand studies that evaluate the E-DII score and the
risk of incidence of CKD, and an anti-inflammatory diet can be considered an effective strategy for the primary preven-
tion of CKD [15—17].In this study, it was found that the anti-inflammatory diet demonstrated a stronger association with
early-stage CKD, while its association with mid-to-late-stage CKD was weaker.One potential explanation for this finding

is that CKD progression is an irreversible process. As the disease progresses, renal structure undergoes changes, and
the risk of advanced CKD stages is primarily driven by irreversible renal lesions. By the late stage, renal lesions develop
more rapidly, rendering anti-inflammatory dietary interventions less effective. This area merits further exploration in future
research. Nevertheless, the findings of the present study suggest that the prevention and control of CKD is of particular
importance in the early stages of the disease, and an anti-inflammatory diet still represents a simple and easily achievable
strategy.

An increasing body of evidence has shown that chronic inflammation plays an important role in the development of
CKD and impaired renal function, especially in the early stage of CKD [22,23]. CKD is a state of chronic systemic inflam-
mation and commonly presents with a constant minor elevation of CRP [24]. The pathogenesis of various forms of CKD is
affected by oxidative stress and inflammation, which accelerates their progression. Therefore, inflammation is a potential
therapeutic target for CKD prevention and treatment; we believe that diet could be a viable prevention and management
option for CKD [10]. Several recent studies have described plant-based diets as beneficial for CKD, but they can also
cause malnutrition in patients with CKD [11,25,26]. The inflammatory dietary pattern has been reported to be associated
with cardiovascular disease, diabetes, and cancer [14,27—-29]. However, there is sparse evidence regarding the asso-
ciation between inflammatory dietary patterns and impaired kidney function in the early stage. Previous studies have
investigated the association between pro-inflammatory dietary patterns and systemic inflammation and kidney functions
[15-17,30,31]. Our results are consistent with the studies mentioned above. In a cross-sectional study with 2644 women
aged 45-75, the association between high DIl scores was significantly associated with a reduction of eGFR (p=0.006)
[31]. A cross-sectional study of 1422 older women over 70 years found that the DIl score was not linearly associated
with the risk of CKD [17]. Moreover, it was observed that a pro-inflammatory diet was associated with the progression of
CKD in a cross-sectional study with 221 patients; this study showed that OR , ., was 2.12 (1.05-4.26), p for trend=0.03
[16]. Since most studies used cross-sectional designs, causal associations could not be determined, and these studies
included small sample sizes [15-17,31].

There are a few strengths to our study. Firstly, the present study investigated the association between the DIl score
and CKD as part of a large prospective population-based cohort study. Secondly, since we excluded those with baseline
renal insufficiency, the level of evidence could be higher than in cross-sectional studies. Thirdly, subgroup analyses were
conducted, and all potential confounders were adjusted carefully, so the reliability of our results increased. Lastly, we pro-
posed a healthy diet with an optimal E-DII score of 1.857 to control potential inflammation.

Our study also had some limitations. The 24 h recall diet was relatively subjective. Underreporting and recall bias can-
not be completely avoided. However, based on existing studies of the E-DIl we conducted a systematic assessment of
dietary inflammation in this study. While more validation in future updates and other populations is planned, this study offers
a foundational clu for further research. Second, only 29 of 45 recommended food parameters were used to calculate the
E-DII score, resulting in a narrow range of values for E-DII. This could have affected the study results. However, previous
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studies have shown that reducing the number of food parameters to less than 30 would not affect the objectivity of the
results [15,20]. Another potential weakness is that the study was conducted among the UK population, making the results
ungeneralizable to other populations. Further clinical trials with more comprehensive and detailed diets and early-stage CKD
assessments are required. Different countries or regions should be examined for a more reliable result and smaller errors.
Furthermore, using ICD10 codes alone will miss many cases of undiagnosed CKD, and most of the follow-up eGFR data are
missing. It is necessary to use more detailed diagnostic criteria in future studies. Finally, we attempted to design a prospec-
tive cohort study, excluding patients with a history of CKD at baseline and conducting a long-term follow-up with a median
duration of 11.4 years. We made every effort to provide some clues for causal relationships. However, caution is still war-
ranted when interpreting causal relationships. Nevertheless, this study provides valuable insights for future research.

Conclusions

Our results demonstrated that high pro-inflammatory diets were associated with an increased risk of early-stage CKD in
this large prospective cohort study. Our study suggested that an anti-inflammatory diet with an optimal E-DII score could
be considered an effective strategy for CKD prevention and treatment before implementing and formulating nutritional
policies.
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