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Purpose: To compare the dietary inflammatory index (DII), triglyceride glucose
index (TyG), waist triglyceride index (WTI), and body mass index (BMI) in
predicting the survival of chronic kidney disease (CKD).

Methodology: Inclusion of 23,099 participants from the NHANES database who
met specific criteria. Baseline was established using quartiles of DIl index. The
relationship between DIl index, WTI index, TyG index, and BMI index with
mortality rate in CKD patients was evaluated using Kaplan-Meier curves.
Univariate and multivariate COX regression risk models were used to study the
relationship between DIl index, WTI index, and TyG index with mortality risk in
CKD patients. Stratification of eGFR by age and gender was conducted to
investigate the association between DIl index, WTI index, and TyG index with
mortality risk in CKD patients. Restricted cubic spline analysis was used to study
the correlation between DIl index, WTI index, and TyG index with mortality risk in
CKD patients.

Results: The incidence of CKD increased with the increase of DIl index, WTI index
and TyG index. After multivariable adjustment, the fourth quartile of DIl index,
TyG index and WTI index showed the highest risk for CKD [DIl: hazard ratio (HR)
1.36, 95% confidential interval (Cl) (1.23-1.51); TyG: HR 1.21; 95% CI (1.07-1.37);
WTI: HR 1.29; 95% CI (1.13-1.46)]. There was no difference in the risk of
developing CKD between the obese group (BMI >24 kg/m?2) and the normal
weight group (P>0.05).

Conclusion: This study has identified a significant association between elevated
DIl index, WTI index, and TyG index with the risk of CKD. Furthermore, the DIl
index demonstrated superior prognostic capability in predicting CKD compared
to other indicators.
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1 Introduction

The prevalence of chronic kidney disease continues to increase
among adults in the United States (1). Chronic kidney disease is
characterized by an estimated low glomerular filtration rate (eGFR)
or the presence of albuminuria, but is often diagnosed when the
bilateral glomerular filtration rate falls to very low levels (eGFR
<60mL/min/1.73m?) (2). In order to more effectively prevent end-
stage uremia resulting from chronic kidney disease (3), dietary
adjustments can be a crucial method for preventing the onset of
chronic kidney disease (4, 5).

Since cardiovascular diseases, hypertension, diabetes and
obesity are all likely to lead to chronic kidney disease (6-9) the
corresponding index can be used to predict the occurrence of
chronic kidney disease. For example, the TyG index used the
combination of fasting glucose and triglycerides as a reliable
indicator to assess insulin resistance (IR) (10), and its increase
was positively correlated with renal failure in the elderly (11). In
addition, TyG index can also effectively predict all-cause mortality
related to impaired renal function (12). WTT index consists of the
combination of waist circumference and triglycerides, which is
associated with metabolic syndrome and acute pancreatitis (13,
14)while WTT index has not been involved in chronic kidney
disease studies. A restricted diet is essential for managing chronic
kidney disease, and the DII index can be used as a dietary
assessment tool that includes a variety of anti-inflammatory and
pro-inflammatory diets. Through investigation of adult diabetes, IR
and dietary patterns, it has been found that dietary elements that
promote inflammation may increase the risk of IR and diabetes (15,
16), and DII may also affect the incidence of cardiovascular disease
in Americans and muscle osteoporosis in patients with chronic
kidney disease (17). Whether diet has an advantage over other
indicators has not been reported.

Therefore, NHAES data were used to explore the relationship
between DII index, TyG index, WTI index and BMI index and
chronic kidney disease in American adults.

2 Methods
2.1 Study population

This retrospective analytic study was conducted among U.S.
adults aged 18 years and older in NHANES 1999-2018, a
comprehensive nationwide health survey administered by the
Centers for Disease Control and Prevention. A total of 100,314
participants were initially enrolled in the study, with specific
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exclusion criteria including age, fasting lipid levels and missing
baseline demographic characteristics. Based on these criteria, 23,099
participants were ultimately included in the analysis (Figure 1).

2.2 Exposure and outcomes

The baseline assessment includes the collection of biochemical
markers from plasma by trained personnel following strict storage
and handling protocols. Biochemical markers such as fasting blood
glucose (FBG), triglycerides (TG), total cholesterol (TC), serum
creatinine, high density lipoprotein cholesterol (HDL-C), low
density lipoprotein cholesterol (LDL-C), and total cholesterol (TC)
were analyzed (18, 19). Waist circumference, body mass index (BMI),
educational attainment, and ethnic categories were obtained through
computer-assisted personal interviews (CAPI) conducted at the
participants’ homes. The WTI index is calculated using the
formula: waist circumference (cm) * triglycerides (mmol/L) (20).
The calculation of the DII involves determining an individual’s DII
score from 28 diets (21) in order to assess the potential impact of diet
on inflammation. The procedure for calculating the DII is as follows:
Z-values are calculated based on the mean and standard deviation of
the parameters of the 28 food items ((Estimated Intake of an
Individual - Global Standardized mean)/(standard deviation)). The
Z-value for each food parameter is converted to a percentile value and
centered by doubling the value and then subtracting “1”. The
centered percentile value for each food parameter is multiplied by
the inflammation score for each parameter to arrive at a “food-
specific parameter DII score.” Finally, all of the “food-specific
parameter DII scores” are added together to calculate the
individual’s DII score. Calculation formula for estimating bilateral
glomerular filtration rate (eGFR) based on an all-age spectrum
correction equation for creatinine in 2021. The primary outcome of
this study was to compare the correlation of WTT index, DII index
and TyG index with all-cause mortality in patients with chronic
kidney disease.

2.3 Statistical analysis

To enhance data accuracy and mitigate potential biases arising
from NHANES’ intricate multi-stage sampling design, this study
employed sample weighting in accordance with NHANES
guidelines. Weighted percentages were used for categorical
variables while weighted averages and standard errors were
utilized for continuous variables. The researchers conducted
weighted multiple logistic regression to explore correlations
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FIGURE 1
Inclusion and exclusion process of the NHANES 1999-2018.

between three indices (TyG index, DII index, and WTT index) and
CKD, adjusting for various covariates. Kaplan-Meier survival curves
were used to assess the predictive impact of the WTI index, DII
index, TyG index, and BMI on all-cause mortality in patients with
CKD. Restricted cubic spline plots were drawn to illustrate the
associations between the DII index, TyG index, and WTI index and
the risk of CKD. Univariate and multivariate Cox regression models
were used to analyze the sensitivity of the DII index, WTT index,
and TyG index in testing for CKD. Model 1 was unadjusted, Model
2 was adjusted for sex, age, and BMI, and Model 3 included systolic
blood pressure (SBP), total cholesterol (TC), age, education, BMI,
serum creatinine, smoking habit, sex, and race as factors. The data
were analyzed using R language (version 4.2.1) and SPSS 27.0
software with a statistical significance level set at p<0.05.

3 Results
3.1 Characteristics

The study population consisted of 23,099 participants from the
NHANES database who met specific criteria. The DII index showed

a fourfold increase and was statistically significant in SBP, BMI, age,
total triglycerides (TG), waist circumference, diabetes status,
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education level, gender, smoking status, FBG, TC, race, and CKD
subtypes. Non-Hispanic White had the highest number of baseline
characteristics at about 44.2%, followed by Mexican American at
about 18.6% (Table 1).

3.2 Associations of participants’ DIl index,
TyG index, WTI index and BMI index with
Kaplan-Meier survival curves of

CKD patients

The Kaplan-Meier curve shows that the mortality rate of CKD
patients significantly increases (P< 0.001) when DII index, WTI
index, and TyG index reach or exceed the median, indicating that
the higher these three indices are, the higher the risk of death for
CKD patients. Specifically, higher DII index was associated with
increased risk of mortality in CKD patients (HR, 0.854; 95%ClI,
0.796-0.914, Figure 2A), while higher WTI index was also
associated with increased risk of mortality in CKD patients (HR,
0.641; 95%CI, 0.598-0.689, Figure 2B), and higher TyG index was
associated with increased risk of mortality in CKD patients (HR,
0.564; 95%CI, 0.527-0.605, Figure 2C). However, BMI index did not
show statistical significance on the survival curve of CKD patients
(P > 0.05, Figure 2D).
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TABLE 1 Weighted baseline characteristics of the study subjects, NHANES 1999-2018.

Variable(s) Dietary Inflammation Index
Quartile 1 Quartile 2 Quartile 3 Quartile 4
N (%) 5804 (25.13) 5754 (24.91) 5770 (24.98) 5771 (24.98)
SBP (mmHg) 11391 £ 37.59 112.93 + 40.07 113.41 + 40.60 110.38 + 43.72 <0.001
BMI (kg/m2) 27.98 + 6.33 28.44 + 6.58 28.99 + 7.04 29.19 £ 743 <0.001
Serum creatinine (mg/dl) 0.87 £ 0.28 0.87 £ 0.32 0.87 £ 0.35 0.88 + 0.39 0.151
Age (year) 48.68 £ 17.90 47.54 + 18.78 47.81 £ 19.03 47.16 + 19.40 <0.001
HDL-C (mmol/l) 1.40 + 0.42 1.40 £ 0.41 1.39 + 0.42 1.38 + 0.41 0.219
TG (mg/dl) 1.53 +£1.33 1.55 £ 1.36 1.52 £ 1.46 1.40 + 1.10 <0.001
TG (mmol/l) 135.81 £ 117.49 136.92 + 120.12 134.21 + 129.71 123.83 + 97.02 <0.001
LDL-C (mmol/l) 2.86 + 1.06 2.85+1.05 2.87 + 1.07 2.86 = 1.06 0.719
Waist (cm) 97.32 + 15.27 98.01 + 16.14 98.84 + 16.44 98.78 + 16.86 <0.001
Diabetes (%) <0.001
Yes 548 (9.4) 630 (10.9) 666 (11.5) 688 (11.9)
No 5256 (90.6) 5124 (89.1) 5104 (88.5) 5083 (88.1)
Education of level (%) <0.001
<high school 1376 (23.7) 1649 (28.7) 1878 (32.5) 2019 (35.0)
high school 1066 (18.4) 1230 (21.4) 1321 (22.9) 1410 (24.4)
>high school 3362 (57.9) 2875 (50.0) 2571 (44.6) 2342 (40.6)
Sex (%) <0.001
Male 3449 (59.4) 2979 (51.8) 2511 (43.5) 2266 (39.3)
Female 2355 (40.6) 2775 (48.2) 3259 (56.5) 3505 (60.7)
Smoker (%) <0.001
Yes 4186 (72.1) 4340 (75.4) 4436 (76.9) 4538 (78.6)
No 1618 (27.9) 1414 (24.6) 1334 (23.1) 1233 (21.4)
FBG (mg/dl) 105.50 + 32.89 106.59 + 33.95 107.70 + 36.35 107.24 + 35.59 0.004
TC (mmol/l) 5.05 = 1.09 5.05 = 1.09 505+ 1.13 497 + 1.11 <0.001
Race (%) <0.001
Mexican American 1183 (20.4) 1103 (19.2) 1078 (18.7) 929 (16.1)
Other Hispanic 419 (7.2) 486 (8.4) 465 (8.1) 390 (6.8)
Non-Hispanic White 2760 (47.6) 2588 (45.0) 2564 (44.4) 2291 (39.7)
Non-Hispanic Black 821 (14.1) 1015 (17.6) 1237 (21.4) 1638 (28.4)
Other Races 621 (10.7) 562 (9.8) 426 (7.4) 523 (9.1)
eGFR (%) <0.001
CKD stage G1 3962 (68.3) 3967 (68.9) 3839 (66.5) 3827 (66.3)
CKD stage G2 1585 (27.3) 1468 (25.5) 1522 (26.4) 1468 (25.4)
CKD stage G3 244 (4.2) 280 (4.9) 370 (6.4) 421 (7.3)
CKD stage G4 10 (0.2) 32 (0.6) 28 (0.5) 35 (0.6)
CKD stage G5 3 (0.1) 7 (0.1) 11 (0.2) 20 (0.3)

SBP, systolic blood pressure; eGFR, estimation of glomerular filtration rate; FBG, fasting blood glucose; BMI, body mass index; CKD, chronic kidney disease; HDL-C, low-density lipoprotein
cholesterol; TC, total cholesterol; TG, total triglycerides; LDL-C, low-density lipoprotein cholesterol.
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FIGURE 2
Kaplan-Meier Survival Curves for DIl (A), TyG (B), WTI (C) and BMI (D) in ch

3.3 Univariate and multivariate COX
regression risk models of DIl index, WTI
index and TyG index with the mortality risk
of CKD patients

After adjusting for the COX risk model in Figure 3, the risk ratio
(HR) of death from CKD significantly increased when the DII index
was greater than or equal to the median, and the P values were
statistically significant (P<0.05). The WTI index showed a
significant statistical significance in the fourth quartile for the risk

Years

ronic kidney disease

of death from CKD (HR, 1.29; 95% CI 1.13-1.46; P<0.001), and the
TyG index also showed a significant statistical significance in the
fourth quartile for the risk of death from CKD (HR, 1.21; 95% CI
1.07-1.37; P=0.002). The eGFR is greatly influenced by age and
gender, as shown in Figure 4 where age and gender are stratified.
For individuals aged 40 or younger, after adjusting for confounding
factors, the fourth quartile of TyG index (P=0.02) and WTI index
(P=0.015) were statistically significant in relation to the risk of death
in CKD patients. For those aged 41 to 60, after adjusting for
confounding factors, the fourth quartile of WTI index (P<0.001),
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FIGURE 3

Association of DIl, WTI and TyG with chronic kidney disease in Cox proportional hazard models. Model 1,unadjsted. Model 2, adjusted for age, sex
and BMI. Model 3, further adjusted for variables in model 2 plus smoking status, race, education level, TC, systolic blood pressure
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FIGURE 4

Adjusted HRs (95% Cls) for risk of chronic kidney disease according to sex- and age-specific WTI, DIl and TyG index.

DII index (P=0.018) and TyG index (P<0.001) were statistically
significant in relation to the risk of death in CKD patients.
Individuals aged 61 years and older, after adjusting for
confounding factors in the fourth quartile, had a statistically
significant association between WTI index (P<0.001), DII index
(P=0.018) and TyG index (P<0.001) with the risk of death in CKD
patients. In males, after adjusting for confounding factors in the
fourth quartile, there was a statistically significant association
between WTI index (P<0.001), DII index (P<0.001), and TyG
index (P<0.001) with the risk of death in CKD patients. In
females, after adjusting for confounding factors in the fourth
quartile, there was a statistically significant association between
WTT index (P<0.001) and TyG index (P<0.001) with the risk of
death in CKD patients.

3.4 The correlation between DIl index, TyG
index and WTI index with the risk of death
in CKD patients

In the restrictive cubic spline analysis, the DII index showed a
linear relationship with the risk ratio of mortality in participants
with CKD (non-linear p=0.189; Figure 5A). The TyG index
exhibited an increasing relationship with the risk ratio of
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mortality in participants with CKD (non-linear p<0.001;
Figure 5B). The WTI index demonstrated a hook-shaped
relationship with the risk ratio of mortality in participants with
CKD, initially rising and then declining (non-linear
p<0.001; Figure 5C).

3.5 Equations

Calculation formula for estimating bilateral glomerular
filtration rate (eGFR) based on an all-age spectrum correction
equation for creatinine in 2021 (22). For females, the value of C
was taken as 1.012. When serum creatinine was less than or equal to
0.7 mg/dl, the value of A was 0.7 and the value of B was -0.241.
When serum creatinine is greater than 0.7mg/dl, the A value is 0.7
and the B value is taken as -1.2. For males, the C value is taken as 1.
When serum creatinine is less than or equal to 0.9 mg/dl, the A
value is 0.9 and the B value is taken as -0.302. When serum
creatinine is greater than 0.9mg/dl, A value is 0.9 and B value is
taken as -1.2.

S B
¢GFR = 142 ( Zr> « (0.9938)"8% C
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FIGURE 5

All-cause mortality risk ratios of chronic kidney disease to three indices [(A) DI, Dietary Inflammation Index; (B) TyG, Triglyceride and Glucose Index;

(C) WTI, Waist-Triglyceride Index].

4 Discussion

Based on a cross-sectional analysis of 23,099 U.S. adults, the DII
index had the most significant value for predicting chronic kidney
disease in adults compared to the TyG index and the WTI index.
This result was not obvious in univariate analysis, but showed
significant difference after adjusting for age, sex and race.

In earlier studies, a retrospective study discussed the correlation
between TyG index and CKD in American adults (20, 21), and
concluded that CKD is more likely to occur when TyG index is high
(23, 24). The TyG index also has the same trend in predicting the
occurrence of chronic kidney disease in Japanese population (25).
Therefore, TyG index may become one of the risk predictors of
chronic kidney disease (26). The DII index aims to provide a
quantitative means of assessing the relationship between diet and
health outcomes ranging from blood concentrations of
inflammatory cytokines to chronic disease (27). DII index is
mainly used to evaluate the influence of diet on inflammatory
response and help prevent and treat inflammation-related diseases,
such as cardiovascular disease, diabetes, tumor, etc. (16, 28, 29).
However, there are few studies on DII index predicting the
occurrence of chronic disease CKD in American population. WTI
index was used by Korean researchers to investigate the waist
combined with triglycerides to predict the occurrence of
cardiovascular disease and metabolic syndrome (13, 30). To our
knowledge, no studies have explored the correlation between the
WTT index and CKD. Compared with previous studies, our study
has some advantages. First, we verified the TyG index and DII index
obtained in previous studies to predict the risk of CKD in American
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adults and introduced a new WTT index to predict the occurrence of
CKD. It is worth noting that our study can take TyG index as a
reference, and through sensitivity analysis, it is found that the risk of
CKD occurrence is increasing with the increase of DII index, which
is consistent with previous studies on the correlation between DII
index and CKD index (31). This study further concluded that DII
index predicts the occurrence of CKD better than other indexes. In
addition, the high WTT index is stronger than the TyG index in
predicting CKD. In the nonlinear relationship between TyG index
and CKD, the death risk of CKD increased with the increase of TyG
index. In the non-linear relationship between WTI index and CKD,
the risk of death in CKD decreased slowly with the increase of WTI
index, which may be related to the differences of sample size, eGFR
calculation method, population, race and region.

Many studies have pointed out that high DII index is correlated
with chronic diseases such as cardiovascular disease, diabetes
mellitus and sarcopenia (16, 32-34), while there are few studies
on the relationship between DII index and CKD. DII index is a
comprehensive score reflecting pro-inflammatory diet and anti-
inflammatory diet. A high DII index means that the diet contains a
large amount of inflammatory factors and a small amount of anti-
inflammatory nutrients (35), and excessive intake of pro-
inflammatory diet may have adverse effects on health (36). Intake
of a pro-inflammatory diet (higher DII score) was associated with
elevated levels of various inflammatory markers: TNF-o., highly
sensitive C-reactive protein (hsCRP), IL-1, 2, 6, IFN-y and vascular
cell adhesion molecules (37-39), moreover, adding one DII scoring
unit in men increased hsCRP by 9% (95%CI 0.03-0.14) and IL-6 by
6% (95%CI 0.02-0.11) in patients with first-time myocardial
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infarction (40). Therefore, the mechanism by which it affects CKD
may be that a high DII diet leads to the accumulation of
inflammatory factors in the body, increasing the level of oxidative
stress, which damages cells and tissues (41) thus leading to an
increased risk of CKD in people. Recent studies have shown that
higher intake of specific antioxidants and anti-inflammatory dietary
components can affect telomere length and thus delay aging, for
example, increased intake of omega-3 fatty acids and vitamin C is
associated with longer telomere (42, 43), and HDL-C concentration
is positively correlated when telomere length is less than 1.25 (44).
However, how DII index affects kidney function in CKD patients in
which pathways at the cellular level needs to be confirmed by
further experimental studies. The advantage of the DII index
compared to the other two indexes is that the clinician can
conduct a detailed and comprehensive analysis of the potential
factors for reducing the risk of developing CKD through the intake
of a precise anti-inflammatory diet and a pro-inflammatory diet.

Our study possesses several notable strengths including a
substantial sample size and meticulous adjustment for pertinent
confounding variables that have enhanced both reliability and
representativeness of our findings. The Dietary Inflammatory Index
(DII) holds promise as a comprehensive therapeutic tool
encompassing 45 different diets impacting individuals’ health;
therefore, clinicians can potentially mitigate chronic kidney disease
(CKD) incidence by modifying dietary components among those at
risk for CKD. Nonetheless, there are limitations within our study
framework; due to its cross-sectional nature, establishing causality
between DII scores and CKD was precluded. While we accounted for
numerous critical factors, complete exclusion of potential effects from
unmeasured confounders was not feasible. Furthermore, given that
our survey focused on the U.S. population using a cross-sectional
approach, generalizing our results to other demographic or ethnic
cohorts may be limited.

5 Conclusion

Compared with the TyG index and WTT index, the DII index is
more effective in predicting CKD in U.S. adults. People with high
DII index, TyG index or WTT index should pay close attention to
their potential risk to kidney function. Nevertheless, more
comprehensive prospective studies are needed to confirm and
validate these results.
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