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There is still a paucity of research on the relationship between triglyceride-glucose-body mass index
(TyG-BMI) and long-term all-cause and cardiovascular disease (CVD) mortality in patients with chronic
kidney disease (CKD). The objective of this study was to explore the relationship between the TyG-
BMI index and mortality rate and to determine valuable predictive factors for the survival status of
this population. Data were obtained from the National Health and Nutrition Examination Survey
(NHANES 2001-2018) and the National Death Index (NDI). We used multivariate Cox regression and
restricted cubic spline (RCS) to analyze the link between the TyG-BMI index and all-cause and CVD
mortality. Subgroup analysis was conducted according to age, gender, race, education and poverty.
In addition, receiver operating characteristic (ROC) curves were utilized to assess the differentiation
of the TyG-BMI index in predicting mortality. A total of 3089 individuals were enrolled. Over a median
follow-up period of 81 months, 1097 individuals passed away. The RCS analysis revealed a U-shaped
link between the TyG-BMI index and all-cause and CVD mortality. The ROC curve indicated that

the TyG-BMl index has a stronger diagnostic effect than the TyG index. Subgroup analysis results
demonstrated that the TyG-BMI index was more significantly correlated with all-cause and CVD
mortality rates in elderly patients. In the American population, a U-shaped association was discovered
between the baseline TyG-BMI index and all-cause and cardiovascular mortality rates in CKD patients.
The thresholds for all-cause and CVD mortality were found to be 299.31 and 294.85, respectively.
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As a serious health issue, chronic kidney disease (CKD) affects 15-20% of the global population. This condition
poses a substantial threat to public health, presenting a formidable challenge for both the international commu-
nity and healthcare systems worldwide'. Due to its irreversible progression, the burden of CKD rapidly increases,
with CKD having the highest disability and mortality rates among chronic diseases®. Identifying and intervening
early on hazard factors that influence prognosis is essential for alleviating the global burden of cardiovascular
disease (CVD) among CKD patients.

Insulin resistance (IR) is a key characteristic of metabolic syndrome, marked by a decreased ability of insulin
to effectively promote glucose utilization®. IR is acknowledged as a hazard factor contributing to the development
of macrovascular lesions®. Although the high insulin normal glucose clamp test is considered the gold standard
for measuring insulin resistance (IR), it is a invasive procedure, making it unsuitable for clinical research®. A
practical alternative evaluation metric is the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR),
which is derived from measurements of fasting blood glucose and insulin levels®. However, circulating insulin
concentration is not conventionally measured in primary healthcare settings, prompting the development of
various simple and feasible alternative indicators for evaluating insulin resistance (IR). Notable among these are
the triglyceride glucose index (TyG-index) and the triglyceride glucose body mass index (TyG-BMI index)”*.
Several studies have displayed an link between the TyG index and the onset and progression of chronic kidney
disease®!. However, few studies have assessed the link between TyG-BMI and all-cause and cardiovascular
mortality in patients with chronic kidney disease. Currently, there remains a lack of evidence to support the
TyG-BMI index as a long-term predictor of all-cause mortality risk in patients with CKD.

This study utilized a large sample of American adults to probe into the link between the TyG-BMI index and
long-term all-cause mortality, as well as CVD mortality, in patients with chronic kidney disease (CKD). The goal
is to identify valuable predictive factors for the survival status of this population.

Methods

Study design

The data for this study are sourced from the NHANES database, which is designed to evaluate the health and
nutritional status of Americans across diverse demographics. The NHANES protocol has obtained informed
written consent from all participants in the study. This cross-sectional study included 91,351 adult participants
from NHANES (2001-2018). The study process is shown in Fig. 1. The exclusion criteria were: (1) Missing
data on diagnosis of CKD; (2) participants with triglyceride glucose index deficiency; (3) participants lacking
outcome or covariates.

Participants from NHANES 2001-2018
(n=91351)

Missing data on the
—| diagnosis of CKD

(n=79447)
Participants diagnosed with CKD
(n=11904)
Missing data on complete
TyG or BMI)
= (n=7440)

y

Participants with complete

TyG-BMI
(n=4464)
Missing data on outcomes or
— covarites
‘ (n=1375)

Final included participants
(n=3089)

Fig. 1. Flowchart displaying the selection of participants.
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Diagnosis of chronic kidney disease

The diagnosis of chronic kidney disease (CKD) is established based on international guidelines. According to
these guidelines, CKD is defined by an estimated glomerular filtration rate (eGFR) of less than 60 mL/min/1.73
m?, or proteinuria of at least 30 mg/g, or both'’. The glomerular filtration rate is calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, which estimates GFR based on serum cre-
atinine as a marker of renal function'. The classification of CKD stages follows international guidelines as
well: CKD Stage I: eGFR 290 mL/min/1.73 m? CKD Stage II: 60 <eGFR <90 mL/min/1.73 m?, CKD Stage III:
30<eGFR< 60 mL/min/1.73 m? CKD Stage IV: 15<eGFR <30 mL/min/1.73 m? CKD Stage V: eGFR< 15 mL/
min/1.73 m*"3,

Exposure variables and outcomes

The TyG-BMI index is calculated by multiplying BMI with the TyG index, where BMI is defined as weight divided
by height squared (weight/height?), and the TyG index is computed as Ln [fasting triglycerides (mg/dL) x fast-
ing blood glucose (mg/dL)/2]. Triglycerides and fasting blood glucose concentrations were measured using
enzymatic methods on Roche Modular P and Roche Cobas 6000 biochemical analyzers. The primary endpoint
of this study is all-cause mortality, while the secondary endpoint focuses on cardiovascular mortality. To track
these outcomes, subjects were followed until December 31, 2019. The mortality status of each participant was
determined by linking their records to the National Death Index, ensuring accurate and comprehensive data on
the causes and timing of deaths.

Covariates

Information on various demographic and health-related factors, including age, gender, race/ethnicity, educa-
tion level, household income, smoking status, disease status, and biochemical parameters, were collected from
NHANES family interviews. The specific classification is shown in Table 1.

Statistical analysis

Given the complex sampling design of NHANES, the analysis incorporated minimum sample weights. Partici-
pants were categorized into two groups based on their survival status to depict the characteristics of the study
population. Continuous variables are represented by weighted means and standard error (SE), with hypothesis
testing conducted using either the t-test or the Kruskal-Wallis rank sum test, depending on the distribution of
the data. Categorical variables are represented by weighted proportions, and their differences between groups
were tested using the chi-square test. The multivariate Cox proportional hazards model was used to evaluate
the relationship between the TyG-BMI index and survival status. The dependent variables were survival time
and survival status. We constructed three regression models by adjusting for different covariates. In Model 1, no
adjustments were made. Model 2 was adjusted for age, gender, race, education level, poverty status (PIR), and
smoking status. Model 3 is a comprehensive adjustment model, which further adjusted for hypertension, diabetes,
cardiovascular disease, blood lipids, uACR, and eGFR levels based on Model 2. We calculated the hazard ratio
(HR) for each covariate and its 95% confidence interval to quantify the strength of the association between the
TyG-BMI index and mortality. Restricted Cubic Splines (RCS) analysis, a flexible nonlinear regression method,
was employed to explore the nonlinear relationship between continuous variables and outcome variables. We
selected three nodes (5th, 50th, and 95th percentiles) and constructed an RCS function to capture the nonlinear
effects of the TyG-BMI index. The model with the RCS term was compared to the linear model using a likelihood
ratio test to determine the significance of the nonlinear relationship. An RCS curve was drawn to illustrate the
relationship between the TyG-BMI index and mortality rate. Receiver operating characteristic (ROC) curves were
applied to assess the recognition ability and accuracy of the TyG and TyG-BMI indices. Furthermore, stratified
analyses were conducted based on age, gender, race, education and poverty. Data analysis was performed applying
R software (version 4.2.1), and a P-value of less than 0.05 was considered statistically significant.

Results

Participant characteristics

A total of 3089 participants were included. The baseline characteristics revealed that participants who died
during the follow-up period tended to be older, single, and had lower education levels and incomes. They were
also more likely to be smokers and patients with diabetes, hypertension, and heart disease. Detailed baseline
characteristics are presented in Table 1.

Association between TyG-BMI index and survival status

To evaluate the correlation between the TyG-BMI index and mortality rates, three models were developed.
Participants were grouped into quartiles (Q1-Q4) based on the TyG-BMI index. In a fully adjusted model, the
highest quartile group was significantly associated with lower all-cause mortality (HR 0.74; 95% CI 0.57-0.93)
compared to the lowest quartile group (Tables 2, 3). RCS regression analysis was conducted to elucidate the
specific relationship between the TyG-BMI index and mortality risk in CKD patients. The RCS results indicated
a U-shaped link between TyG-BMI and the risk of all-cause and CVD mortality, with inflection points at 299.31
and 294.85, respectively. Both high and low TyG-BMI values increased the risk of all-cause and cardiovascular
mortality in this population (Fig. 2). In addition, we divided CKD stages into two groups: stages I-II and stages
III-V. Our analysis indicates that there remains a U-shaped relationship between the TyG BMI index and both
all-cause mortality and cardiovascular mortality in CKD patients across these different groupings (Fig. 3).
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Variables Total participants (n=3089) Surviving participants (n=1992) Dead participants (n=1097) P-value*
Age, years 60.46 (0.46) 55.80 (0.58) 71.43 (0.53) <0.0001
Gender, n (%) <0.0001
Female 1630 (57.09) 1132 (60.10) 498 (50.00)

Male 1459 (42.91) 860 (39.90) 599 (50.00)

Race, n (%) <0.0001
Non-Hispanic White 1568 (69.88) 841 (66.01) 727 (78.99)

Non-Hispanic Black 612 (12.17) 432 (12.85) 180 (10.56)

Mexican American 475 (7.74) 365 (9.45) 110 (3.70)

Other Hispanic 201 (4.06) 158 (4.69) 43 (2.58)

Other race 233 (6.16) 196 (7.00) 37 (4.18)

Marital, n (%) <0.0001
Married 1730 (59.15) 1181 (62.03) 549 (52.36)

Never married 278 (9.71) 225 (11.57) 53 (5.35)

SDW 1081 (31.14) 586 (26.40) 495 (42.30)

PIR, n (%) 0.003
<13 1038 (25.16) 668 (24.41) 370 (26.92)

1.3-1.85 495 (14.55) 297 (13.20) 198 (17.74)

>1.85 1556 (60.29) 1027 (62.39) 529 (55.34)

Education, n (%) <0.001
High school grad or equivalent 1017 (37.91) 697 (39.93) 320 (33.16)

Less than high school 993 (23.48) 587 (20.82) 406 (29.77)

Some college or above 1079 (38.60) 708 (39.26) 371 (37.07)

Smoke, n (%) <0.0001
Former 1012 (32.45) 564 (28.86) 448 (40.91)

Never 1569 (50.69) 1085 (53.79) 484 (43.38)

Now 508 (16.86) 343 (17.35) 165 (15.71)

Hypertension, n (%) <0.0001
No 843 (31.55) 647 (37.61) 196 (17.27)

Yes 2246 (68.45) 1345 (62.39) 901 (82.73)

Diabetes, n (%) <0.0001
No 1798 (62.33) 1194 (65.91) 604 (53.90)

Yes 1291 (37.67) 798 (34.09) 493 (46.10)

Cardiovascular disease, n (%) <0.0001
No 2240 (75.32) 1584 (81.70) 656 (60.30)

Yes 849 (24.68) 408 (18.30) 441 (39.70)

CKD stage, n (%) <0.0001
Stage I 920 (34.01) 798 (42.38) 122 (14.37)

Stage II 739 (21.75) 448 (19.93) 291 (26.07)

Stage IIT 1290 (40.54) 687 (35.64) 603 (52.17)

Stage IV 102 (2.69) 43 (1.59) 59 (5.29)

Stage V 38 (0.95) 6 (0.46) 22(2.11)

TC, mmol/L 5.01 (0.03) 5.02 (0.03) 4.98 (0.04) 0.35
TG, mmol/L 1.72 (0.04) 1.71 (0.06) 1.76 (0.04) 0.49
uACR, mg/g 187.72 (13.67) 155.63 (13.30) 263.29 (34.75) 0.005
eGFR, mL/min/1.73 m? 74.90 (0.78) 80.84 (1.01) 60.93 (1.02) <0.0001
TyG 8.86 (0.02) 8.82 (0.03) 8.94 (0.03) 0.002
BMI 30.11 (0.20) 30.56 (0.27) 29.04 (0.26) <0.001
TyG-BMI 268.32 (2.20) 271.36 (2.91) 261.16 (2.80) 0.01

Table 1. The characteristics of participants according to survival status. *The P-value refers to the comparison
between surviving and deceased patients in CKD patients.

Subgroup analysis results
In subgroup analyses, the association between the TyG-BMI index and all-cause and cardiovascular mortality
was consistent across subgroups stratified by sex, race, education and poverty. However, the correlation was more
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)

0

hazard ratio

Model 1 Model 2 Model 3
Exposure OR (95% CI) Pvalue | OR (95% CI) Pvalue | OR (95% CI) P value
TyG-BMI
Q1 Ref Ref Ref
Q2 0.82(0.67, 1.02) 0.07 |0.76 (0.63,0.90) | 0.002 0.72 (0.60, 0.86) <0.001
Q3 0.83 (0.68, 1.02) 0.08 | 0.77 (0.64,0.91) | 0.003 0.67 (0.56, 0.81) <0.0001
Q4 0.68 (0.54,0.85) | <0.001 | 0.98 (0.80,1.21) | 0.87 0.74 (0.57, 0.93) 0.01
P for trend <0.001 0.562 0.002

Table 2. Relationship between TyG-BMI index and all-cause mortality. Model 1: not adjusted. Model 2:

adjusted for age, gender, race, education level, poverty status (PIR), and smoking status. Model 3: adjusted

for age, gender, race, education level, poverty status (PIR), and smoking status, hypertension, diabetes,
cardiovascular disease, blood lipids, uACR, and eGFR levels.

Model 1 Model 2 Model 3
Exposure OR (95% CI) Pvalue | OR (95% CI) Pvalue | OR (95% CI) P value
TyG-BMI
Q1 Ref Ref Ref
Q2 1.01 (0.65,1.57) | 0.96 0.80 (0.54,1.18) | 0.26 0.74 (0.49, 1.12) | 0.15
Q3 0.90 (0.66, 1.24) | 0.53 0.71 (0.52,0.98) | 0.03 0.60 (0.43, 0.83) | 0.002
Q4 1.00 (0.69, 1.44) | 0.98 130 (0.91,1.87) | 0.16 0.85 (0.54, 1.34) | 0.48
P for trend 0.852 0.273 0.312

Table 3. Relationship between TyG-BMI index and CVD mortality. Model 1: not adjusted. Model 2: adjusted

for age, gender, race, education level, poverty status (PIR), and smoking status. Model 3: adjusted for age,

gender, race, education level, poverty status (PIR), and smoking status, hypertension, diabetes, cardiovascular

disease, blood lipids, uACR, and eGFR levels.
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Fig. 2. The restricted cubic regression between TyG-BMI index with all-cause mortality (A) and cardiovascular
mortality (B) in fully adjusted model.

significant in elderly CKD patients for both all-cause and CVD mortality (Table 4).

Sensitivity and specificity analysis

The receiver operating characteristic (ROC) curve (Fig. 4) was utilized to access the sensitivity and specificity
of the TyG-BMI index as a prognostic diagnostic tool. Compared to the TyG index alone, the TyG-BMI index
demonstrated higher predictive ability for all-cause and cardiovascular mortality, with values of 0.578 and 0.550,
respectively. In addition, we determined the optimal cutoff point for TyG-BMI using the Youden index. As shown
in Table 5, the optimal cutoff values for TyG-BMI in predicting all-cause mortality and cardiovascular disease
(CVD) mortality in patients with chronic kidney disease are 272.57 and 280.34, respectively.
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Fig. 3. Restricted cubic splines (RCS) analysis of the TyG-BMI index and its association with all-cause
mortality and cardiovascular mortality stratified by CKD stages. (A,B) Represent CKD stages I-11I, while (C,D)
represent CKD stages III-V.

Discussion

This study aims to reveal how the combination of triglyceride-glucose index and body mass index (TyG-BMI)
affects the mortality outcomes of this specific population of patients with chronic kidney disease. By employing
multivariate Cox regression and RCS analysis, we identified the TyG-BMI index as a reliable predictor of both
all-cause and CVD mortality risk in CKD patients. The analysis revealed a U-shaped association between the
TyG-BMI index and mortality risk, indicating that both high and low TyG-BMI values are linked to an increased
risk of mortality in this population. In addition, the results of subgroup analysis indicated that the association
between the TyG-BMI index and all-cause mortality and cardiovascular mortality was consistent across sub-
groups defined by gender, race/ethnicity, poverty rate, and education level (P for interaction>0.05). However,
subgroup analysis stratified by age revealed that in elderly CKD patients, the correlation between the TyG-BMI
index and both all-cause mortality and CVD mortality was more significant. This finding suggests that the TyG-
BMI index has broad applicability as a predictor of all-cause mortality and CVD mortality. The TyG-BMI index
can serve as an effective risk assessment tool regardless of gender, race, economic status, or education level. This
discovery holds significant implications for public health policy and clinical practice, as it indicates that the
TyG-BMI index can be widely used for risk assessment among CKD patients in diverse populations. However,
the stronger correlation between the TyG-BMI index and mortality in elderly CKD patients suggests that special
attention should be given to changes in the TyG-BMI index within this specific population. As age increases, the
decline in metabolic function and the associated rise in chronic disease risk may render elderly patients more
sensitive to changes in the TyG-BMI index. Therefore, in clinical management, elderly CKD patients may require
more frequent and careful monitoring and intervention.

Insulin resistance (IR) is broadly acknowledged for its significant role in the development of type 2 diabe-
tes, dyslipidemia, and obesity within the general population'*'. The TyG-BMI index integrates triglycerides
(TG), fasting blood glucose, and BMI, making it a simple and feasible IR evaluation tool. This comprehensive
indicator is considered a more accurate IR marker than a single index. Many studies support that the TyG-BMI
index is closely related to non-alcoholic fatty liver disease (NAFLD), cardiovascular events, prehypertension,
and diabetes'’~?°. These pieces of evidence suggest that the TyG-BMI index may become an important prog-
nostic indicator. In our study, the TyG-BMI index exhibited comparable predictive value for both all-cause and
cardiovascular mortality in patients with CKD. Specifically, a U-shaped relationship between the baseline TyG-
BMI index and all-cause mortality was identified. This indicates that both low and high values of the TyG-BMI
index are associated with increased mortality risk in patients with chronic kidney disease (CKD), suggesting
that an optimal range of the TyG-BMI index may be crucial for reducing mortality risk in this population. This
U-shaped association between insulin resistance indicators and poor prognosis has been confirmed in previous
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Subgroup ‘ Q1 ‘ Q2 Q3 Q4 P for interaction

All-cause mortality

Age (years) <0.0001
<60 1.18 (0.53, 2.62) 0.85 (0.35, 2.06) 1.17 (0.58, 2.36)
60+ 0.59 (0.49, 0.72)** | 0.55 (0.45, 0.67)** | 0.45 (0.34, 0.60)**

Gender 0.465
Male 0.66 (0.52, 0.84)** | 0.64 (0.48, 0.84)** | 0.81 (0.58, 1.12)

Female 0.78 (0.59, 1.04) 0.69 (0.51, 0.92)* 0.69 (0.49, 0.97)*

Race 0.938
Non-Hispanic White 0.72 (0.58, 0.90)** | 0.70 (0.57, 0.86)** | 0.76 (0.57, 1.02)
Non-Hispanic Black 0.65 (0.41, 1.01) 0.49 (0.30, 0.80)** | 0.47 (0.28, 0.79)**

Mexican American 0.82(0.38, 1.76) 0.67 (0.30, 1.46) 0.76 (0.35, 1.68)
Other Hispanic 1.14 (0.45, 2.92) 0.67 (0.22,2.01) 0.96 (0.15, 6.09)
Other race 0.54 (0.16, 1.90) 1.31(0.41, 4.20) 1.66 (0.33, 8.28)

Education 0.053
High school grad or equivalent 0.60 (0.43, 0.85)** | 0.43 (0.29, 0.63)** | 0.50 (0.33, 0.74)**

Less than high school 0.76 (0.55, 1.04) 0.72 (0.52, 0.99)* 0.69 (0.46, 1.04)
Some college or above 0.79 (0.59, 1.06) 0.86 (0.63, 1.19) 1.16 (0.80, 1.67)

PIR 0.239
<13 0.62 (0.4, 0.85)** | 0.54 (0.38, 0.78)** | 0.81 (0.55, 1.19)
1.3-1.85 0.66 (0.43,1.01) 0.57 (0.35, 0.93)* 0.52(0.27,1.01)
>1.85 0.79 (0.60, 1.03) 0.77 (0.58, 1.04) 0.73 (0.49, 1.09)

CVD mortality

Age (years) 0.018
<60 1.14 (0.49, 2.60) 0.89 (0.37, 2.14) 1.17 (0.59, 2.34)
60+ 0.71 (0.58, 0.85)** | 0.67 (0.55, 0.82)** | 0.72 (0.54, 0.95)*

Gender 0.521
Male 0.66 (0.52,0.84)** | 0.64 (0.48, 0.84)** | 0.81 (0.59, 1.12)

Female 0.78 (0.59, 1.04) 0.69 (0.51, 0.92)* 0.69 (0.49, 0.97)*

Race 0.611
Non-Hispanic White 0.72 (0.58, 0.90)** | 0.70 (0.57, 0.86)** | 0.76 (0.57, 1.02)
Non-Hispanic Black 0.65 (0.41, 1.01) 0.49 (0.30, 0.80)** | 0.47 (0.28, 0.79)**

Mexican American 0.82 (0.38, 1.76) 0.67 (0.30, 1.46) 0.76 (0.35, 1.68)
Other Hispanic 1.14 (0.45,2.92) | 0.67(0.22,2.01) | 0.96 (0.15, 6.09)
Other race 0.54 (0.16, 1.90) 1.31 (0.41, 4.20) 1.66 (0.33, 8.28)

Education 0.392
High school grad or equivalent 0.60 (0.43, 0.85)** | 0.43 (0.29, 0.63)** | 0.50 (0.33, 0.74)**

Less than high school 0.76 (0.55, 1.04) 0.72 (0.52, 0.99)* 0.69 (0.46, 1.04)
Some college or above 0.79 (0.59, 1.06) 0.86 (0.63, 1.19) 1.16 (0.80, 1.67)

PIR 0.251
<13 0.62 (0.44, 0.85)** | 0.54 (0.38, 0.78)** | 0.81 (0.55, 1.19)
1.3-1.85 0.66 (0.43, 1.01) 0.57 (0.35, 0.93)* 0.52(0.27,1.01)
>1.85 0.79 (0.60, 1.03) 0.77 (0.58, 1.04) 0.73 (0.49, 1.09)

Table 4. Result of subgroup analysis. *Refer to <0.05. **Refer to <0.01.

studies using NHANES data. The mechanism behind this U-shaped association is still uncertain, but it may

involve several factors.

On the one hand, elevated TyG-BMI is linked to higher insulin resistance and metabolic disorders, such as
increased levels of triglycerides and glucose, which are known risk factors for cardiovascular diseases (CVD)?"%2.
Patients with high TyG-BMI often exhibit increased levels of LDL cholesterol, lower HDL cholesterol, and higher
levels of inflammatory markers like hs-CRP, which contribute to the development and progression of atheroscle-
rosis and subsequent cardiovascular events***. Additionally, high TyG-BMI is associated with conditions like
hypertension and diabetes, which further elevate the risk of cardiovascular mortality?. On the other hand, low
TyG-BMI may be indicative of malnutrition, sarcopenia (loss of muscle mass), and frailty, particularly in CKD
patients®®?’. These conditions can weaken the body’s overall resilience and immune response, making individuals
more susceptible to infections, cachexia, and other complications that increase the risk of all-cause mortality.
Malnutrition and low muscle mass are critical concerns in CKD patients, as they are linked to poor clinical out-
comes and higher mortality rates®®?. In summary, the U-shaped relationship between TyG-BMI and mortality
risks highlights the complex interplay of metabolic health, nutritional status, and cardiovascular risk factors.
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Fig. 4. ROC curves for different surrogates to predict all-cause mortality (A) and cardiovascular mortality (B).

Variables ‘ AUC ‘ 95% CI Cutoff value
All-cause mortality

TyG-BMI 0.574 |0.553-0.594 | 272.57

TyG 0.527 | 0.507-0.548 8.23

CVD mortality

TyG-BMI 0.534 | 0.510-0.567 | 280.34

TyG 0.528 | 0.497-0.560 8.34

Table 5. The efficacy of TyG-BMI in predicting all-cause mortality and CVD mortality.

High TyG-BMI exacerbates cardiovascular risks through metabolic disturbances and inflammation, while low
TyG-BMI reflects poor nutritional status and physical frailty, both leading to increased mortality in CKD patients.

Our research offers several significant advantages. First, the complex sampling design effectively adjusts the
representativeness of different populations, ensuring the wide applicability and reliability of the research results.
In addition, TyG-related indicators based on routine clinical care are used to evaluate insulin resistance, making
them easily accessible and cost-effective biomarkers with broad clinical application prospects. This method is
both economical and efficient, offering convenient and powerful tools for health management and disease preven-
tion in clinical practice. However, our research has several notable limitations. The cross-sectional study design
restricts our ability to establish a causal relationship between insulin resistance and CKD. Furthermore, like all
observational studies, despite adjusting for potential confounders in multivariate models, residual confound-
ers from unmeasured or uncontrolled factors may still exist. For example, due to database limitations, we are
unable to include Medication use as a covariate in Cox regression analysis. Future research should consider using
databases containing detailed drug use information or conducting prospective study designs to better control
for confounding effects of drug use. Lastly, due to data limitations in the NHANES database, we are unable to
investigate the impact of different etiologies on the correlation between TyG-BMI and mortality. Future research
should consider using databases that contain detailed etiological information or designing prospective studies
for more granular subgroup analysis.

Conclusion

The TyG-BMI index may serve as a valuable predictive marker for assessing the risk of all-cause and cardiovas-
cular mortality in patients with chronic kidney disease. The association between this index and mortality rate is
non-linear, exhibiting a U-shaped pattern.

Data availability
Data is provided within the manuscript or supplementary information files.
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