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Abstract
Background  Chronic kidney disease (CKD) poses a significant global health challenge. Inflammation plays a central 
role in the pathogenesis and progression of CKD, which has been proved to be affected by dietary patterns. To 
understand how dietary inflammatory index (DII) impacts the disease course and clinical parameters, we aim to 
explore the relationship between DII and multiple clinical parameters in a specific cohort of CKD patients, and to 
provide insights into the potential of dietary for managing CKD.

Methods  This retrospective comparative study included 145 CKD patients, categorized into a low DII group (n = 77) 
and a high DII group (n = 68) based on their DII values. Clinical data, including demographic characteristics, laboratory 
parameters, dietary intake, inflammatory markers, renal function, and adverse events, were collected and compared 
between the two groups.

Results  The demographic characteristics were comparable between the groups. The low DII group had significantly 
lower serum creatinine, phosphorus, and potassium levels (P < 0.05) and higher hemoglobin levels compared 
to the high DII group. Protein intake was significantly higher in the high DII group (P < 0.001), while fiber intake 
was significantly higher in the low DII group (P = 0.022). Inflammatory markers, including CRP, TNF-α, fibrinogen, 
procalcitonin, and WBC, were significantly lower in the low DII group (P < 0.05). The low DII group also showed better 
renal function, as indicated by higher GFR and lower urinary albumin excretion (P < 0.05). Correlation analysis revealed 
significant relationships between protein intake and inflammation markers (CRP, TNF-α, fibrinogen) and a negative 
correlation with GFR. Regression analysis confirmed that DII was independently associated with CRP, GFR, and urinary 
albumin excretion, while protein intake remained significantly correlated with these outcomes.

Conclusion  A low DII diet may be associated with improved clinical parameters, inflammatory markers, and renal 
function in CKD patients. Tailored nutritional strategies focusing on modulating inflammatory status through low DII 
diets may offer promising avenues for improving renal function, mitigating inflammation, and enhancing overall well-
being in individuals with CKD.
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Introduction
Chronic kidney disease (CKD) represents a significant 
global health burden, characterized by progressive dete-
rioration of renal function and associated with a height-
ened risk of adverse outcomes, including cardiovascular 
events, diminished quality of life, and increased mortality 
[1–3]. CKD affects approximately 10% of the global pop-
ulation and is associated with substantial morbidity and 
mortality. The impact of CKD extends beyond renal com-
plications, with a range of systemic consequences such 
as cardiovascular disease, anemia, bone disorders, and 
metabolic disturbances [4–6]. Furthermore, CKD places 
a considerable economic burden on healthcare systems 
worldwide, stemming from the need for complex and 
prolonged medical care, including dialysis and transplan-
tation [7, 8].

Inflammation is recognized as a key contributor to the 
pathogenesis and progression of CKD, influencing not 
only renal function but also contributing to the devel-
opment of various comorbidities [9–11]. The inflamma-
tory response is intricately involved in the initiation and 
perpetuation of renal injury, leading to fibrosis, impaired 
vascular function, and progressive loss of nephrons 
[12–15].

Dietary patterns play a pivotal role in modulating the 
inflammatory status of individuals, with evidence sug-
gesting that dietary components can exert pro-inflam-
matory or anti-inflammatory effects, thereby influencing 
the overall inflammatory milieu within the body [16–
18]. A growing body of research has underscored the 
impact of diet on inflammatory pathways, with certain 
dietary components, such as saturated fats, refined sug-
ars, and processed foods, showcasing pro-inflammatory 
properties that can contribute to a systemic low-grade 
inflammatory state [19]. Conversely, diets rich in fruits, 
vegetables, whole grains, and healthy fats have been asso-
ciated with anti-inflammatory effects, conferring pro-
tection against chronic inflammatory conditions [20]. In 
this context, previous studies have developed the Dietary 
Inflammatory Index (DII) to assess the total inflamma-
tory potential of diet [21]. DII is a literature based, pop-
ulation-based scoring system aimed at evaluating the 
inflammatory potential of diet [21]. If the DII value is 
positive, it indicates that the diet contains pro-inflamma-
tory ingredients; if the DII value is negative, it means that 
the diet contains anti-inflammatory ingredients. A higher 
score indicates a stronger pro-inflammatory effect, while 
a lower score indicates a stronger anti-inflammatory 
effect [22].

The intricate relationships between dietary choices, 
inflammatory processes, and health outcomes have 
prompted extensive investigations aimed at elucidating 
the potential of dietary in modulating inflammatory sta-
tus and mitigating the risk of chronic diseases, including 
CKD. As our understanding of the dietary modulation of 
inflammation continues to evolve, there is a mounting 
interest in deciphering the specific impact of DII on the 
pathophysiology and management of CKD. By explor-
ing the interplay between DII and clinical parameters in 
CKD patients, there exists the potential to uncover novel 
avenues for tailored nutritional strategies that may allevi-
ate inflammation and optimize clinical parameters in this 
population.

Inflammation has been recognized as a key contributor 
to the pathogenesis and progression of CKD, influenc-
ing renal function and contributing to the development 
of various comorbidities [23]. Despite the prevalence 
of cross-sectional DII studies in CKD, primarily using 
NHANES data [24, 25], our study adds to the field by 
focusing on a specific cohort of CKD patients and pro-
viding detailed analysis of the impact of DII on mul-
tiple clinical parameters. Clinical outcomes in this study 
encompass a broad spectrum of clinical parameters, 
including laboratory values, renal function, and adverse 
events, collectively aiming to assess the overall impact of 
DII on CKD patients. The intricate relationships between 
dietary choices, inflammatory processes, and health out-
comes have prompted extensive investigations aimed at 
elucidating the potential of dietary in modulating inflam-
matory status and mitigating the risk of chronic diseases, 
including CKD.

Materials and methods
Inclusion and exclusion criteria
Inclusion Criteria: [1] Adult patients aged 18 years or 
older; [2] Diagnosis of CKD based on established clinical 
and laboratory criteria [26].

Exclusion Criteria: [1] Patients with missing or incom-
plete data in their medical records; [2] Individuals with a 
diagnosis of acute kidney injury, end-stage renal disease, 
or those receiving renal replacement therapy; [3] Patients 
with comorbid conditions or factors that could signifi-
cantly impact inflammatory status and dietary intake, 
such as severe infections, malignancies, and major sur-
gical procedures; [4] Participants with a history of sig-
nificant dietary modifications that could confound the 
assessment of DII; [5] Patients with COVID-19.

Clinical trial number  Not applicable.

Keywords  Dietary inflammatory index, Renal function, Chronic kidney disease, Inflammatory markers
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Informed consent  was waived in this retrospective 
cohort study because it exclusively used de-identified 
patient data that had already been collected as part of 
routine clinical practice. Since the data did not include 
any personal identifiers and no direct interaction with 
patients occurred during the study, there was no risk to 
patient confidentiality or care.

Data collection
Clinical data of 145 CKD patients treated at our institu-
tion from January 2021 to December 2023 were included 
for analysis. Patients were categorized into a low dietary 
inflammation index group (Low DII group, n = 77) and a 
high dietary inflammation index group (High DII group, 
n = 68) based on their DII values. The Low DII group 
comprised 38 males and 39 females, while the High DII 
group included 34 males and 34 females. The data col-
lected are cross-sectional, reflecting the baseline charac-
teristics of the patients at the start of the study period. 
The duration of observation for adverse events was from 
the date of enrollment until the last recorded visit or 
the end of the study period. Since this is a retrospective 
study, it was not registered due to the nature of the study 
design.

Calculation of dii and grouping criteria
The food frequency questionnaire (FFQ) was utilized to 
assess the dietary intake of the participants, the ques-
tionnaire has been previously published and validated 
in a similar context [27]. Trained investigators surveyed 
the types and quantities of food consumed by the partici-
pants over the previous three months. The food intake 
was quantified using household measures, food models, 
or food atlases [28]. The intake of a specific food or nutri-
ent was calculated based on the Chinese Food Compo-
sition Table  (6th edition) [29]. The overall DII for each 
individual was calculated based on the average daily 
nutrient intake [30]. This algorithm incorporates dietary 
data from 11 representative populations worldwide and 
assigns DII scores to 45 food parameters based on their 
potential to influence serum inflammatory markers [31]. 
A negative DII denotes anti-inflammatory potential, 
while a positive DII signifies pro-inflammatory potential. 
To standardize the scores (Z-scores), the daily intake of 
each dietary component or nutrient was compared to the 
global mean intake and standard deviation. To minimize 
the impact of outliers and right skewness, Z-scores were 
transformed into percentile values. To achieve a symmet-
rical distribution with 0 at the center, and − 1 (maximum 
anti-inflammatory) and + 1 (maximum pro-inflamma-
tory) as boundaries, each percentile was doubled, then 
subtracted by 1, and multiplied by the respective dietary 
inflammatory effect score [32]. The sum of all the food 
inflammatory effect scores yielded the DII for each 

participant. Participants with DII < 0 were classified into 
the Low DII group, while those with DII > 0 were classi-
fied into the High DII group (participants with DII = 0 
were not included in the study).

Data collection and variables
Demographic, clinical, laboratory, dietary intake, inflam-
matory markers, renal function, and adverse event data 
were collected from the participants’ medical records. 
Demographic characteristics such as age, gender, body 
mass index (BMI), comorbidities including diabetes mel-
litus, hypertension, smoking history, and previous car-
diovascular events, as well as the duration of CKD were 
recorded. Laboratory parameters, including serum creat-
inine, hemoglobin, albumin, phosphorus, calcium, potas-
sium, and parathyroid hormone levels, were measured 
in our institution’s laboratory using standard laboratory 
techniques. These parameters were assessed through 
blood samples, with serum or plasma samples used for 
analysis. All laboratory tests were performed following 
routine procedures in our accredited clinical laborato-
ries. Commercial kits for the measurement of specific 
markers (such as serum creatinine and hemoglobin) were 
employed to ensure consistency and accuracy of results, 
these data are all recorded in the medical records. Dietary 
intake data comprising total calories, protein intake, 
sodium intake, fiber intake, and fluid intake (defined as 
the total amount of liquids consumed daily, including 
water, beverages, and other liquid foods) were gathered. 
Additionally, inflammatory markers, including C-reactive 
protein, interleukin-6, tumor necrosis factor-α, fibrino-
gen, erythrocyte sedimentation rate, procalcitonin, and 
white blood cell count, were assessed using standard 
laboratory assays in our institution’s laboratory. Renal 
function parameters such as glomerular filtration rate 
and urinary albumin excretion were also measured from 
routine clinical tests, and recorded in the medical record. 
The occurrence of adverse events was documented from 
patient medical records and follow-up visits.

Statistical analysis
Descriptive statistics were used to summarize the demo-
graphic characteristics, clinical parameters, dietary 
intake, inflammatory markers, renal function, and 
adverse events. Continuous variables were presented as 
means with standard deviations, and categorical vari-
ables were expressed as frequencies and percentages. 
The independent samples t-test was employed to com-
pare continuous variables between the two groups, while 
the chi-square test was utilized for categorical variables. 
Correlation analysis was performed to assess the rela-
tionships between DII and various clinical parameters, 
including inflammatory markers, renal function, and 
dietary intake. Pearson’s correlation coefficient was used 
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for continuous variables. Univariate regression analysis 
was conducted to evaluate the association between DII 
and clinical outcomes. The regression coefficients and 
corresponding P values were calculated to determine the 
strength and significance of these relationships. Multi-
variate regression analysis was then performed to exam-
ine the independent associations of DII with clinical 
parameters, adjusting for potential confounding factors. 
Variables that showed significant associations with DII 
in univariate analysis were included in the multivariate 
model to assess their independent effects on inflamma-
tory markers and renal function. A P value of less than 
0.05 was considered statistically significant. All analyses 
were conducted using SPSS 25.0.

Results
Demographic characteristic
The demographic characteristics of the patients in the 
low dietary inflammation index group and the high 
dietary inflammation index group were compared to 
assess any notable differences (Table 1). The mean age of 
the low dietary inflammation index group slightly lower 
than that of the high dietary inflammation index group 
(P = 0.146). Gender distribution was similar between 
the two groups with no significant difference observed 
(P = 1). The BMI of the two groups also exhibited no sig-
nificant variance (P = 0.829). The prevalence of diabetes 
mellitus, hypertension, smoking history, and previous 
cardiovascular events showed comparable percentages 
between the two groups, with no statistically significant 

differences found (P > 0.05). Moreover, the duration of 
CKD was akin in both groups (P = 0.449).

The above results indicate comparability between the 
two groups, laying the foundation for subsequent studies 
regarding the impact of low inflammation index diet on 
clinical parameters in patients with CKD.

Laboratory parameters
Serum creatinine levels, phosphorus levels and potas-
sium levels were significantly lower in the low dietary 
inflammation index group compared to the high dietary 
inflammation index group (P = 0.023, P = 0.02, P = 0.047, 
respectively). Furthermore, hemoglobin levels were found 
to be significantly higher in the low dietary inflammation 
index group than in the high dietary inflammation index 
group with a P value of 0.045 (Table 2). However, no sig-
nificant differences were observed in albumin, calcium, 
and parathyroid hormone levels between the two groups 
(P > 0.05).

Dietary intake
Next, we compared the dietary intake of the low and high 
dietary inflammation index groups and found several sig-
nificant differences (Table 3). The protein intake was sig-
nificantly higher in the high dietary inflammation index 
group compared to the low dietary inflammation index 
group with a P value of less than 0.001. Additionally, fiber 
intake was significantly higher in the low dietary inflam-
mation index group compared to the high dietary inflam-
mation index group with a P value of 0.022. However, 
there were no significant differences observed in total 

Table 1  Demographic characteristics of patients in the two groups
Parameters Low DII group High DII group t/χ2 P Value
Age (years) 55.23 ± 6.43 56.89 ± 7.11 1.463 0.146
Gender (M/F) 38 / 39 34 / 34 0 1
Body Mass Index (kg/m2) 25.07 ± 2.96 24.96 ± 3.59 0.217 0.829
Diabetes Mellitus (%) 15 (19.48%) 18 (26.47%) 0.645 0.422
Hypertension (%) 29 (37.66%) 30 (44.12%) 0.385 0.535
Smoking History (%) 15 (19.48%) 16 (23.53%) 0.152 0.696
Previous Cardiovascular Events (%) 11 (14.29%) 13 (19.12%) 0.311 0.577
Duration of CKD (years) 6.94 ± 1.34 7.18 ± 2.28 0.759 0.449
Note: M, male; F, female; DII, dietary inflammatory index

Table 2  Laboratory parameters indexes of the two groups
Parameters Low DII group High DII group t P Value
Serum Creatinine (mg/dL) 2.89 ± 0.57 3.11 ± 0.59 2.306 0.023
Hemoglobin (g/dL) 11.83 ± 1.56 11.27 ± 1.77 2.021 0.045
Albumin (g/dL) 4.25 ± 0.33 3.97 ± 1.44 1.577 0.119
Phosphorus (mg/dL) 3.57 ± 0.69 3.86 ± 0.78 2.359 0.020
Calcium (mg/dL) 9.24 ± 0.47 9.25 ± 0.53 0.122 0.903
Potassium (mEq/L) 4.28 ± 0.39 4.43 ± 0.46 2.001 0.047
Parathyroid Hormone (pg/mL) 65.47 ± 12.45 68.97 ± 15.64 1.478 0.142
Note: DII, dietary inflammatory index
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calories, sodium intake, and fluid intake between the two 
groups (P > 0.05).

Inflammatory markers
To investigate the inflammatory markers between the 
two groups, we conducted a study (Table  4). C-reactive 
protein levels were significantly lower in the low dietary 
inflammation index group compared to the high dietary 
inflammation index group with a P value of less than 
0.001. Moreover, tumor necrosis factor-α, fibrinogen, 
procalcitonin, and white blood cell count were also sig-
nificantly lower in the low dietary inflammation index 
group compared to the high dietary inflammation index 
group, with P values of 0.013, 0.006, 0.043, and 0.008, 
respectively. Meanwhile, interleukin-6 and erythrocyte 
sedimentation rate did not show statistically significant 
differences between the two groups (P > 0.05).

Renal function
We then compared the renal function between the low 
dietary inflammation index group and the high dietary 
inflammation index group, and the results showed that 
the difference was statistically significant (Table  5). The 
glomerular filtration rate was significantly higher in the 
low dietary inflammation index group compared to the 
high dietary inflammation index group, with a P value of 
0.027. Additionally, the urinary albumin excretion was 
significantly lower in the low dietary inflammation index 

group compared to the high dietary inflammation index 
group, with a P value of 0.007.

Correlation analysis
To further explore the relationship between dietary 
intake and clinical outcomes, we conducted a correlation 
analysis between protein intake and key inflammatory 
markers as well as renal function parameters. In the high 
DII group, protein intake was found to be significantly 
correlated with CRP levels (r = 0.572, P < 0.001), indi-
cating a moderate positive correlation between higher 
protein intake and increased inflammation. Similarly, 
TNF-α and fibrinogen showed moderate positive corre-
lations with protein intake (r = 0.460, i = 0.002; r = 0.380, 
P = 0.010, respectively), further supporting the potential 
pro-inflammatory effects of protein intake in this group.

Additionally, protein intake was positively corre-
lated with procalcitonin (r = 0.428, P = 0.004) and WBC 
(r = 0.310, P = 0.030), indicating a potential relationship 
between higher protein intake and immune activation 
markers.

On the other hand, protein intake showed a moder-
ate negative correlation with GFR (r = -0.302, P = 0.045), 
suggesting that higher protein intake may be linked 
to decreased renal function, especially in the high DII 
group. Urinary albumin excretion, while positively cor-
related with protein intake (r = 0.195, P = 0.115), did not 

Table 3  Comparison of dietary intake between the two groups
Parameters Low DII group High DII group t P Value
Total Calories (kcal/day) 2011.23 ± 301.54 2001.19 ± 356.47 0.182 0.856
Protein Intake (g/day) 70.11 ± 7.29 75.8 ± 8.68 4.245 < 0.001
Sodium Intake (mg/day) 2004.57 ± 403.75 2057.34 ± 349.78 0.843 0.4
Fiber Intake (g/day) 25.69 ± 5.69 23.69 ± 4.68 2.319 0.022
Fluid Intake (mL/day) 2513.46 ± 302.79 2458.66 ± 350.68 1.001 0.319
Note: DII, dietary inflammatory index

Table 4  Comparison of inflammatory markers between the two groups
Parameters Low DII group High DII group t P Value
C-reactive Protein (mg/L) 3.85 ± 0.86 4.59 ± 1.14 4.339 < 0.001
Interleukin-6 (pg/mL) 5.78 ± 1.22 6.14 ± 1.57 1.537 0.127
Tumor Necrosis Factor-α (pg/mL) 8.91 ± 1.87 9.55 ± 1.14 2.52 0.013
Fibrinogen (g/L) 3.55 ± 0.67 3.89 ± 0.77 2.777 0.006
Erythrocyte Sedimentation Rate (mm/h) 15.69 ± 3.33 16.44 ± 4.69 1.097 0.275
Procalcitonin (ng/mL) 0.54 ± 0.29 0.66 ± 0.39 2.046 0.043
White Blood Cell Count (10^9/L) 6.53 ± 1.58 7.29 ± 1.78 2.701 0.008
Note: DII, dietary inflammatory index

Table 5  Comparison of renal function between the two groups
Parameters Low DII index group High DII group t P Value
Glomerular Filtration Rate (mL/min) 45.68 ± 8.98 42.54 ± 7.87 2.239 0.027
Urinary Albumin Excretion (mg/day) 211.75 ± 21.56 222.69 ± 25.64 2.76 0.007
Note: DII, dietary inflammatory index
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reach statistical significance, indicating a weaker associa-
tion compared to other markers (Table 6).

Univariate and multivariate regression analysis results
Univariate regression analysis showed that DII was signif-
icantly associated with several clinical parameters. CRP 
had the strongest positive correlation with DII (β = 0.482, 
P < 0.001). Additionally, GFR and urinary albumin excre-
tion were significantly associated with DII (r = -0.191, 
P = 0.032 and r = 0.231, P = 0.019, respectively). Protein 
intake was also positively correlated with DII (r = 0.352, 
P = 0.009), indicating a potential link between higher pro-
tein intake and increased inflammatory potential.

In the multivariate regression model, CRP remained 
significantly associated with DII (β = 0.238, P = 0.023). 
GFR showed a negative relationship with DII (β = -0.182, 
P = 0.048), suggesting that a more pro-inflammatory 
diet may contribute to reduced kidney function. Uri-
nary albumin excretion and protein intake also remained 
significant (β = 0.243, P = 0.014 and β = 0.286, P = 0.018, 
respectively), reinforcing the association between dietary 
inflammation and kidney function. Other parameters, 
such as interleukin-6, TNF-α, and fibrinogen, did not 

show significant associations in the multivariate model 
(Table 7).

Adverse events
The comparison of adverse events between the low and 
high dietary inflammation index groups revealed no 
statistically significant differences in the occurrence of 
gastrointestinal symptoms, cardiovascular events, hospi-
talizations, infections, anemia, bone disorders, and hypo-
tension (P > 0.05) (Table 8).

Discussion
The present study aimed to explore the impact of a low 
DII diet on the clinical parameters of patients with CKD. 
The findings of this retrospective comparative study shed 
light on the potential relationship between DII and vari-
ous clinical parameters, including laboratory markers, 
renal function, and adverse events in CKD patients. The 
results suggest that DII may be associated with inflam-
matory status, laboratory parameters, and renal function 
in individuals with CKD.

Laboratory parameters such as serum creatinine, 
hemoglobin, phosphorus, and potassium exhibited 

Table 6  Correlation analysis between protein intake and clinical parameters in the high DII group
Parameters Correlation Coefficient (r) P Value
C-reactive Protein (mg/L) 0.572 < 0.001
Interleukin-6 (pg/mL) 0.315 0.035
Tumor Necrosis Factor-α (pg/mL) 0.460 0.002
Fibrinogen (g/L) 0.380 0.010
Erythrocyte Sedimentation Rate (mm/h) 0.250 0.080
Procalcitonin (ng/mL) 0.428 0.004
White Blood Cell Count (10^9/L) 0.310 0.030
Glomerular Filtration Rate (mL/min) -0.302 0.045
Urinary Albumin Excretion (mg/day) 0.195 0.115

Table 7  Univariate and multivariate regression analysis results
Parameters Univariate Multivariate

Coefficient (β) P-value Coefficient (β) P-value
Glomerular Filtration Rate (mL/min) -0.191 0.032 -0.182 0.048
Urinary Albumin Excretion (mg/day) 0.231 0.019 0.243 0.014
C-reactive Protein (mg/L) 0.482 < 0.001 0.238 0.023
Interleukin-6 (pg/mL) 0.295 0.044 0.125 0.111
Tumor Necrosis Factor-α (pg/mL) 0.411 0.005 0.109 0.128
Fibrinogen (g/L) 0.289 0.021 0.147 0.082
Erythrocyte Sedimentation Rate (mm/h) 0.180 0.089 - -
Procalcitonin (ng/mL) 0.355 0.010 0.197 0.037
White Blood Cell Count (10^9/L) 0.271 0.056 - -
Protein Intake (g/day) 0.352 0.009 0.286 0.018
Fiber Intake (g/day) 0.198 0.062 - -
Serum Creatinine (mg/dL) 0.623 < 0.001 0.212 0.092
Hemoglobin (g/dL) 0.265 0.042 0.146 0.081
Phosphorus (mg/dL) 0.195 0.080 - -
Potassium (mEq/L) 0.228 0.065 - -
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significant differences between the low and high dietary 
inflammation index groups. Lower levels of serum creati-
nine and higher levels of hemoglobin in the low dietary 
inflammation index group may indicate improved 
renal function and hemoglobin status, respectively. The 
observed lower phosphorus and potassium levels in the 
low DII group are noteworthy, as maintaining optimal 
levels of these electrolytes is crucial in CKD manage-
ment. These findings suggest that a low DII diet may con-
tribute to the preservation of renal function as well as the 
management of electrolyte imbalances in CKD patients.

Moreover, the comparison of dietary intake revealed 
that the low dietary inflammation index group had sig-
nificantly higher fiber intake and lower protein intake 
compared to the high dietary inflammation index group. 
This is consistent with previous research findings [33] 
that high protein intake may increase glomerular pres-
sure and glomerular hyperfiltration. This may lead to 
structural damage to the glomeruli, resulting in or exac-
erbating CKD. Therefore, a low protein diet (LPD) of 0.6–
0.8 g/kg/day is typically recommended for the treatment 
of chronic kidney disease, which can also be used to con-
trol metabolic disorders in CKD [34]. However, another 
study also suggests that high intake of total protein, ani-
mal protein, and plant protein is associated with low 
mortality rates in patients with chronic kidney disease. 
This suggests that we need to take a more cautious and 
comprehensive view of protein intake in CKD patients 
[35]. Moreover, Tomova A et al. showed that higher fiber 
intake has been associated with anti-inflammatory effects 
and improved gut microbiota composition, which might 
contribute to the observed differences in inflammatory 
markers and renal function between the two groups 
[36]. On the other hand, the higher protein intake in the 
high DII group may have implications for uremic toxin 
accumulation and acid-base balance in CKD, potentially 
impacting renal function and inflammatory status. These 
findings highlight the significant variation in protein and 
fiber intake based on the dietary inflammation index, 
emphasizing the potential impact of dietary choices on 
inflammatory markers in patients with CKD.

Inflammatory markers such as C-reactive protein, 
tumor necrosis factor-α, fibrinogen, procalcitonin, and 

white blood cell count showed significantly lower levels 
in the low dietary inflammation index group. These find-
ings of are in line with previous research Garay-Sevilla 
ME et al. suggesting that dietary components can exert 
pro-inflammatory or anti-inflammatory effects, thereby 
influencing the overall inflammatory milieu within the 
body [16]. The observed differences in inflammatory 
markers support the concept that dietary choices play 
a pivotal role in modulating the inflammatory status of 
individuals and may have implications for the progres-
sion of CKD and the development of comorbidities.

Furthermore, the comparison of renal function param-
eters revealed significantly higher glomerular filtration 
rate and lower urinary albumin excretion in the low 
dietary inflammation index group. These findings are of 
particular significance in the context of CKD manage-
ment, as preservation of glomerular filtration rate and 
reduction of urinary albumin excretion are indicative of 
better renal function and potential slowing of CKD pro-
gression. The impact of DII on renal function parameters 
underscores the potential for dietary to influence disease 
trajectory and clinical parameters in CKD patients.

The correlation analysis revealed a significant relation-
ship between protein intake and inflammation markers 
(CRP, TNF-α, fibrinogen, PCT, WBC) in the high DII 
group, suggesting a potential pro-inflammatory effect 
of protein intake. Additionally, protein intake was nega-
tively correlated with GFR, indicating a possible link 
between higher protein intake and decreased renal func-
tion in this group. These results are consistent with find-
ings from other studies. For example, a study by Aycart et 
al. suggests that plant proteins may help reduce inflam-
mation levels, while animal proteins are associated with 
an increased inflammatory response [37]. In addition, 
Shankar et al. found that inflammatory markers such as 
CRP are closely related to the occurrence of CKD [38]. 
Similarly, Krishnamurthy et al.‘s research also supports 
the link between a high fiber diet and reduced levels of 
inflammation [39]. However, unlike these studies, the 
relationship between high protein intake and inflam-
matory markers as well as renal function decline in this 
study showed a more direct positive correlation, espe-
cially in the high DII group. Overall, these results suggest 

Table 8  Comparison of adverse events between the two groups
Parameters Low DII group (77) High DII index group (68) t P Value
Gastrointestinal Symptoms (%) 8 (10.39%) 9 (13.24%) 0.074 0.785
Cardiovascular Events (%) 6 (7.79%) 7 (10.29%) 0.055 0.814
Hospitalizations (%) 7 (9.09%) 7 (10.29%) 0 1
Infections (%) 4 (5.19%) 5 (7.35%) 0.037 0.847
Anemia (%) 10 (12.99%) 10 (14.71%) 0.003 0.954
Bone Disorders (%) 4 (5.19%) 5 (7.35%) 0.037 0.847
Hypotension (%) 6 (7.79%) 7 (10.29%) 0.055 0.814
Note: DII, dietary inflammatory index
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that protein intake in the high DII group may exacerbate 
the course of CKD by promoting inflammatory responses 
and affecting renal function. This is consistent with pre-
vious research, indicating that protein intake in the diet 
should be given sufficient attention, especially in CKD 
patients, and controlling protein intake may have the 
potential to slow down disease progression.

The regression analysis in this study revealed signifi-
cant associations between DII and CRP, GFR, urinary 
albumin excretion, and protein intake, with these asso-
ciations remaining significant in the multivariate model. 
Although parameters such as IL-6, TNF-α, and fibrino-
gen did not show significance in the multivariate analy-
sis, these results highlight the important link between 
dietary inflammation and renal function and inflamma-
tory markers. These findings are consistent with previous 
research. For instance, a study by Mazidi et al. found a 
significant association between higher DII and worse 
kidney function and increased urinary albumin excre-
tion [40]. Similarly, Guo et al. reported a connection 
between DII and the progression of CKD [41]. How-
ever, the negative correlation between protein intake 
and kidney function, along with the positive correlation 
with inflammation markers in this study, further empha-
sizes the impact of dietary patterns on the progression 
of CKD, particularly the complex relationship between 
protein intake and renal health. These regression results 
suggest that DII may play a significant role in influenc-
ing inflammatory markers and renal function in CKD 
patients. While these findings provide valuable insights, 
further longitudinal studies are needed to validate the 
causal relationship between DII, renal function, and 
inflammation.

The comparison of adverse events did not reveal signifi-
cant differences between the low and high dietary inflam-
mation index groups. While this may appear contrary 
to the observed differences in laboratory parameters, 
inflammatory markers, and renal function, it is important 
to consider the multifactorial nature of adverse events in 
CKD. Adverse events in CKD are influenced by a myriad 
of factors, including disease severity, comorbidities, med-
ications, and psychosocial aspects, which may attenuate 
the specific impact of DII on these outcomes.

The mechanisms by which dietary components influ-
ence inflammation and renal function are complex and 
multifaceted. Diets rich in pro-inflammatory nutrients, 
such as saturated fats, refined sugars, and processed 
foods, are known to activate inflammatory pathways 
through mechanisms like the upregulation of NF-κB and 
the production of reactive oxygen species (ROS) [42]. 
These pathways trigger the secretion of pro-inflamma-
tory cytokines, including IL-6 and TNF-α, which play 
a central role in the pathogenesis of CKD. This inflam-
matory response is thought to contribute to renal injury 

by promoting fibrosis, endothelial dysfunction, and a 
decrease in nephron number, which accelerates the pro-
gression of CKD [43]. Conversely, diets high in anti-
inflammatory nutrients, such as fiber, polyunsaturated 
fatty acids, and antioxidants, have been shown to mitigate 
these inflammatory processes by modulating gut micro-
biota composition and reducing systemic inflammation 
[44]. Our findings, which show a significant association 
between higher DII and increased inflammation markers 
(CRP, TNF-α), as well as decreased renal function, under-
score the impact of dietary choices in CKD patients. 
These results are in line with studies that highlight the 
pro-inflammatory effects of a high-protein diet, particu-
larly from animal sources, which can exacerbate kidney 
damage through the accumulation of uremic toxins and 
alterations in acid-base balance [38]. The observed nega-
tive correlation between protein intake and GFR further 
suggests that dietary inflammation may contribute to 
renal function decline, particularly in those consuming 
higher amounts of inflammatory foods.

Overall, the findings of this study suggest that a low DII 
diet may be associated with favorable clinical parameters, 
inflammatory markers, and renal function in patients 
with CKD. These findings align with the growing body of 
evidence highlighting the impact of diet on inflammatory 
pathways and the potential for dietary to mitigate the 
risk of chronic diseases, including CKD [45, 46]. How-
ever, it is important to acknowledge certain limitations 
of the study, including its retrospective design, relatively 
small sample size, and potential confounding factors that 
were not accounted for. Future prospective studies with 
larger sample sizes and longer follow-up periods are war-
ranted to validate these findings and further elucidate 
the potential of dietary in optimizing outcomes for CKD 
patients. Additionally, while the study focused on the DII, 
other dietary parameters, such as the intake of artificial 
sweeteners, saturated fats, and carbohydrates, which 
may also influence inflammation and kidney function, 
were not evaluated. Further research and clinical trials 
are essential to establish the efficacy of low DII diet and 
to inform evidence-based dietary recommendations for 
CKD patients. Ultimately, the integration of dietary into 
comprehensive CKD care has the potential to optimize 
patient outcomes and alleviate the substantial burden of 
CKD on individuals and healthcare systems worldwide.

Conclusion
In conclusion, the implications of the current study are 
significant in the context of CKD management and 
care. The potential relationship between DII and clini-
cal parameters in CKD patients underscores the impor-
tance of considering dietary as an integral component of 
holistic CKD management. Tailored nutritional strategies 
that focus on modulating inflammatory status through 
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low DII diets may offer promising avenues for improving 
renal function, mitigating inflammation, and ultimately 
enhancing the overall well-being of individuals with 
CKD. Further prospective studies are warranted to vali-
date these findings and establish evidence-based dietary 
recommendations for CKD patients.

Acknowledgements
Not applicable.

Author contributions
All authors contributed to the study conception and design. Material 
preparation, data collection and analysis were performed by Weijuan Pan and 
Jian Feng. The first draft of the manuscript was written by Weijuan Pan and 
Jian Feng commented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

Funding
The present study was not supported by any finding.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Zhejiang University 
Affiliated Sir Run Run Shaw Hospital in accordance with regulatory and ethical 
guidelines pertaining to retrospective research studies. Consent to participate 
was waived for this retrospective study by the Ethics Committee of Zhejiang 
University Affiliated Sir Run Run Shaw Hospital due to the exclusive use of 
de-identified patient data, which posed no potential harm or impact on 
patient care.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Author details
1Department of Nephrology, Qiantang Campus of Hangzhou Red Cross 
Hospital, Qiantang District, Hangzhou City, Zhejiang Province, China
2Department of Nephrology, Hangzhou Ninth People’s Hospital, No. 98, 
Yilong Road, Qiantang District, Hangzhou, Zhejiang, China
3Department of Nephrology, Zhejiang University affiliated Sir Run Run 
Shaw Hospital, No. 98 Yilong Road, Yipeng Street, Qiantang New District, 
Hangzhou City 310020, Zhejiang Province, China

Received: 29 August 2024 / Accepted: 27 February 2025

References
1.	 Agarwal P, Garg V, Karagaiah P, Szepietowski JC, Grabbe S, Goldust M. Chronic 

kidney Disease-Associated pruritus. Toxins. 2021;13(8).
2.	 Akchurin OM. Chronic kidney disease and dietary measures to improve 

outcomes. Pediatr Clin North Am. 2019;66(1):247–67.
3.	 August P. Chronic kidney Disease - Another step forward. N Engl J Med. 

2023;388(2):179–80.
4.	 Carswell C, Cogley C, Bramham K, Chilcot J, Noble H, Siddiqi N. Chronic 

kidney disease and severe mental illness: a scoping review. J Nephrol. 
2023;36(6):1519–47.

5.	 Ho KY, Lam KKW, Xia W, Chung JOK, Cheung AT, Ho LLK, et al. Psychometric 
properties of the Chinese version of the Pittsburgh sleep quality index (PSQI) 
among Hong Kong Chinese childhood cancer survivors. Health Qual Life 
Outcomes. 2021;19(1):176.

6.	 Gupta A, Nagaraju SP, Bhojaraja MV, Swaminathan SM, Mohan PB. Hyperten-
sion in chronic kidney disease: an update on diagnosis and management. 
South Med J. 2023;116(2):237–44.

7.	 Kim SH, Jo M, Go D, Ryu D, Park J. Economic burden of chronic kidney disease 
in Korea using National sample cohort. J Nephrol. 2017;30(6):787–93. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​4​0​6​2​0​-​0​1​7​-​0​3​8​0​-​3.

8.	 Wu H, Li Q, Cai Y, Zhang J, Cui W, Zhou Z. Economic burden and cost-utility 
analysis of three renal replacement therapies in ESRD patients from Yunnan 
Province, China. Int Urol Nephrol. 2020;52(3):573–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​
1​1​2​5​5​-​0​2​0​-​0​2​3​9​4​-​1.

9.	 Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al. 
Chronic inflammation in the etiology of disease across the life span. Nat Med. 
2019;25(12):1822–32.

10.	 Kon V, Shelton EL, Pitzer A, Yang HC, Kirabo A. Inflammation, lymphatics, and 
cardiovascular disease: amplification by chronic kidney disease. Curr Hyper-
tens Rep. 2022;24(10):455–63.

11.	 Oda Y, Nishi H, Nangaku M. Role of inflammation in progression of chronic 
kidney disease in type 2 diabetes mellitus: clinical implications. Semin 
Nephrol. 2023;43(3):151431.

12.	 Pivari F, Mingione A, Piazzini G, Ceccarani C, Ottaviano E, Brasacchio C et 
al. Curcumin Supplementation (Meriva(®)) Modulates Inflammation, Lipid 
Peroxidation and Gut Microbiota Composition in Chronic Kidney Disease. 
Nutrients. 2022;14(1).

13.	 Ebert T, Neytchev O, Witasp A, Kublickiene K, Stenvinkel P, Shiels PG. Inflam-
mation and oxidative stress in chronic kidney disease and Dialysis patients. 
Antioxid Redox Signal. 2021;35(17):1426–48.

14.	 Mazzaferro S, De Martini N, Rotondi S, Tartaglione L, Ureña-Torres P, Bover 
J, et al. Bone, inflammation and chronic kidney disease. Clin Chim Acta. 
2020;506:236–40.

15.	 Shacham Y. Inflammation in chronic kidney disease - Something old, some-
thing new. Int J Cardiol. 2023;370:407–8.

16.	 Garay-Sevilla ME, Rojas A, Portero-Otin M, Uribarri J. Dietary ages as exog-
enous boosters of inflammation. Nutrients. 2021;13(8).

17.	 Sun M, Wang L, Wang X, Tong L, Fang J, Wang Y, et al. Interaction between 
sleep quality and dietary inflammation on frailty: NHANES 2005–2008. Food 
Funct. 2023;14(2):1003–10.

18.	 Wang X, Li T, Li H, Li D, Wang X, Zhao A et al. Association of dietary inflam-
matory potential with blood inflammation: the prospective markers on mild 
cognitive impairment. Nutrients. 2022;14(12).

19.	 Graff E, Vedantam S, Parianos M, Khakoo N, Beiling M, Pearlman M. Dietary 
intake and systemic inflammation: can we use food as medicine?? Curr Nutr 
Rep. 2023;12(2):247–54.

20.	 Sun M, Wang L, Hu Y, Wang X, Yan S, Guo Y et al. Cognitive impairment 
mediates the association between dietary inflammation and depressive 
symptoms in the elderly. Nutrients. 2022;14(23).

21.	 Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and devel-
oping a literature-derived, population-based dietary inflammatory index. 
Public Health Nutr. 2014;17:1689–96.

22.	 Ruiz-Canela M, Bes-Rastrollo M, Martínez-González MA. The role of dietary 
inflammatory index in cardiovascular disease, metabolic syndrome and 
mortality. Int J Mol Sci. 2016;17:1265.

23.	 Mihai S, Codrici E, Popescu I, et al. Inflammation-Related mechanisms in 
chronic kidney disease prediction, progression, and outcome. J Immunol Res. 
2018;2018:2180373.

24.	 Xu Z, Li L, Jiang L et al. Association of dietary inflammatory index with CKD 
progression and estimated glomerular filtration rate in the American CKD 
population: A cross-sectional study. PLoS ONE. 2024;19.

25.	 Lu X, Zhou S, Liu S, Shi Y. Association of the dietary inflammation index DII 
with the prevalence of chronic kidney disease in patients with hypertension. 
Ren Fail. 2024;46(2):2373279.

26.	 Charles C, Ferris AH. Chronic kidney disease. Prim Care. 2020;47(4):585–95.
27.	 Shahar D, Shai I, Vardi H, Brener-Azrad A, Fraser DJE. Development of a semi-

quantitative food frequency questionnaire (FFQ) to assess dietary intake of 
multiethnic populations. 2003;18:855–61.

28.	 Cheng K, Cai N, Zhu J, Yang X, Liang H, Zhang W. Tumor-associated mac-
rophages in liver cancer: from mechanisms to therapy. Cancer Commun. 
2022;42(11):1112–40.

https://doi.org/10.1007/s40620-017-0380-3
https://doi.org/10.1007/s40620-017-0380-3
https://doi.org/10.1007/s11255-020-02394-1
https://doi.org/10.1007/s11255-020-02394-1


Page 10 of 10Pan and Feng BMC Nephrology          (2025) 26:129 

29.	 Phillips CM, Chen LW, Heude B, Bernard JY, Harvey NC, Duijts L et al. Dietary 
inflammatory index and Non-Communicable disease risk: A narrative review. 
Nutrients. 2019;11(8).

30.	 Shakya PR, Melaku YA, Shivappa N, Hébert JR, Adams RJ, Page AJ, et al. Dietary 
inflammatory index (DII®) and the risk of depression symptoms in adults. 
Clinical nutrition (Edinburgh. Scotland). 2021;40(5):3631–42.

31.	 Hariharan R, Odjidja EN, Scott D, Shivappa N, Hébert JR, Hodge A, et al. The 
dietary inflammatory index, obesity, type 2 diabetes, and cardiovascular risk 
factors and diseases. Obes Reviews: Official J Int Association Study Obes. 
2022;23(1):e13349.

32.	 Hayati Z, Jafarabadi MA, Pirouzpanah S. Dietary inflammatory index and 
breast cancer risk: an updated meta-analysis of observational studies. Eur J 
Clin Nutr. 2022;76(8):1073–87.

33.	 Ko GJ, Obi Y, Tortorici AR, Kalantar-Zadeh K. Dietary protein intake and chronic 
kidney disease. Curr Opin Clin Nutr Metab Care. 2017;20(1):77–85.

34.	 Ikizler TA, Burrowes JD, Byham-Gray LD et al. KDOQI Clinical Practice Guide-
line for Nutrition in CKD: 2020 Update [published correction appears in Am J 
Kidney Dis. 2021;77(2):308. doi: 10.1053/j.ajkd.2020.11.004]. Am J Kidney Dis. 
2020;76(3 Suppl 1):S1-S107.

35.	 Carballo-Casla A, Avesani CM, Beridze G, et al. Protein intake and mor-
tality in older adults with chronic kidney disease. JAMA Netw Open. 
2024;7(8):e2426577. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​n​e​t​​w​o​r​k​​o​p​​e​n​.​2​0​2​4​.​2​6​5​7​7. 
Published 2024 Aug 1.

36.	 Tomova A, Bukovsky I, Rembert E, Yonas W, Alwarith J, Barnard ND, et al. 
The effects of vegetarian and vegan diets on gut microbiota. Front Nutr. 
2019;6:47.

37.	 Aycart D, Acevedo S, Eguiguren-Jiménez L, Andrade J. Influence of plant and 
animal proteins on inflammation markers among adults with chronic kidney 
disease: A systematic review and meta-analysis. Nutrients. 2021;13(5):1660.

38.	 Shankar A, Sun L, Klein B, et al. Markers of inflammation predict the long-term 
risk of developing chronic kidney disease: a population-based cohort study. 
Kidney Int. 2011;80(11):1231–8.

39.	 Krishnamurthy V, Wei G, Baird B, et al. High dietary fiber intake is associated 
with decreased inflammation and all-cause mortality in patients with chronic 
kidney disease. Kidney Int. 2012;81(3):300–6.

40.	 Mazidi M, Shivappa N, Wirth MD, Hébert JR, Kengne AP. Greater dietary 
inflammatory index score is associated with higher likelihood of chronic 
kidney disease. Br J Nutr. 2018;120(2):204–9.

41.	 Guo L, Zhao P, Zhu Z. Higher dietary inflammatory index and systemic 
Immune-Inflammation index score are associated with higher risk of chronic 
kidney disease: analysis of the National health and nutrition examination 
survey from 1999 to 2018. J Ren Nutr. 2024;15:1329256.

42.	 Vincent-Johnson A, Davy B, Scialla JJ. Diet and metabolism in CKD-Related 
metabolic acidosis. Semin Nephrol. 2023;43(2):151425.

43.	 Di Renzo L, Gualtieri P, De Lorenzo A. Diet, nutrition and chronic degenerative 
diseases. Nutrients. 2021;13(4):1372. Published 2021 Apr 20.

44.	 van Westing AC, Küpers LK, Geleijnse JM. Diet and kidney function: a litera-
ture review. Curr Hypertens Rep. 2020;22(2):14. Published 2020 Feb 3.

45.	 Mediterranean diet as the. Diet of choice for patients with chronic kidney 
disease. Nephrol Dial Transpl. 2018;33(5):725–35.

46.	 Krishnamurthy VM, Wei G, Baird BC, et al. High dietary fiber intake is associ-
ated with decreased inflammation and all-cause mortality in patients with 
chronic kidney disease. Kidney Int. 2012;81(3):300–6. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​3​8​​​/​
k​i​.​2​​0​1​1​.​3​5​5.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1001/jamanetworkopen.2024.26577
https://doi.org/10.1038/ki.2011.355
https://doi.org/10.1038/ki.2011.355

	﻿The impact of low dietary inflammatory index diet on clinical parameters in patients with chronic kidney disease: a retrospective comparative study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Inclusion and exclusion criteria
	﻿Data collection
	﻿Calculation of dii and grouping criteria
	﻿Data collection and variables
	﻿Statistical analysis

	﻿Results
	﻿Demographic characteristic
	﻿Laboratory parameters
	﻿Dietary intake
	﻿Inflammatory markers
	﻿Renal function
	﻿Correlation analysis
	﻿Univariate and multivariate regression analysis results
	﻿Adverse events

	﻿Discussion
	﻿Conclusion
	﻿References


