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Abstract 

Background There is ongoing debate on the correlation between chronic kidney disease (CKD) and insulin resist-
ance (IR)-related indices. Our objective was to explore the prognostic ability of IR-related indexes for the prevalence 
of CKD, as well as the mortality from all causes and cardiovascular disease (CVD) in CKD patients.

Methods The data used in this study came from the National Health and Nutrition Examination Survey (NHANES). 
Binary logistic regression analysis, Cox proportional hazards model, and restricted cubic spline (RCS) were used 
to analyze the relationship between IR-related indexes, including metabolic score of IR (METS-IR), homeostatic model 
assessment for IR (HOMA-IR), triglyceride glucose index (TyG), triglyceride glucose-waist-to-height ratio (TyG-WHtR), 
triglyceride glucose-body mass index (TyG-BMI), with CKD and its all-cause mortality and CVD mortality. Subgroup 
analysis was performed to test the stability of the results. Finally, the predictive power of IR-related indexes for CKD 
was tested by the receiver operating characteristic (ROC) curve.

Results Among the recruited 10,660 participants, 15.42% were CKD patients. All IR-related indexes were found 
to be nonlinearly correlated to the prevalence of CKD in the study. When the TyG index was higher than 9.05, it 
was positively associated with CKD (OR: 1.77, 95% CI 1.44–2.18). Moreover, increased TyG-WHtR level was correlated 
with a greater prevalence of CKD when it was higher than 4.3 (OR: 1.31, 95% CI 1.19–1.45). Other IR-related indexes 
(METS-IR, HOMA-IR, and TyG-BMI) showed fewer notable correlations with CKD. The association of IR-related indexes 
and the prevalence of CKD remained consistent in most subgroups (P for interactions > 0.05). TyG-WHtR was also the 
predictor of all-cause mortality in CKD patients (HR: 1.34, 95% CI 1.14–1.58), while other IR-related indexes were 
not correlated with the all-cause mortality or CVD mortality in CKD patients (P > 0.05). Otherwise, ROC curves showed 
that TyG-WHtR had more robust diagnostic efficacy than other IR-related indexes (METS-IR, HOMA-IR, TyG, and TyG-
BMI) in predicting CKD (area under the curve: 0.630, 95% CI 0.615–0.644).

Conclusions IR-related biomarkers (METS-IR, HOMA-IR, TyG, and TyG-BMI) were positively correlated with the preva-
lence of CKD. Moreover, TyG-WHtR enhanced CKD and its all-cause mortality prediction. In patients with elevated 
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levels of IR-related indexes, the early detection and intervention of IR may reduce the occurrence of CKD 
and the prognosis of CKD patients.

Keywords Chronic kidney disease, Insulin resistance, Triglyceride glucose-waist-to-height ratio, Triglyceride glucose 
index, National Health and Nutrition Examination Survey

Background
Chronic kidney disease (CKD) affects almost 10% of peo-
ple worldwide and is linked to significant financial and 
public health costs [1]. One of the highest incidences of 
end-stage kidney disease (ESKD) in the world is still seen 
in the United States (US). The best management and pre-
vention of CKD have become crucial public health con-
cerns due to the disease’s high prevalence and high cost 
of healthcare [2]. The weakening of the effects of insulin 
in skeletal muscle, adipose tissue, or liver cells is known 
as insulin resistance (IR), which is also defined as the 
state of aberrant blood glucose response linked to a spe-
cific insulin concentration [3]. In patients with CKD, the 
etiology of tissue insensitivity to insulin is complex and 
includes uremic toxins, inflammatory factors, metabolic 
acidosis, and renin–angiotensin–aldosterone system 
activation [4]. Diseases such as diabetes mellitus (DM), 
hypertension, and metabolic syndrome (MetS) are closely 
related to IR and are risk factors for CKD [5]. Based on 
body mass index (BMI) and MetS, CKD patients were 
classified into metabolically healthy normal weight/
overweight/obesity and metabolically unhealthy normal 
weight/overweight/obesity groups according to a recent 
study, which demonstrated that metabolic abnormal-
ity was a significant risk factor for CKD in the Chinese 
population [6]. Due to its promotion of endothelial dys-
function, oxidative stress, and inflammation, IR may have 
a role in the onset and course of CKD [4]. Clinical studies 
have found that elevated IR is associated with proteinuria 
and CKD in patients with or without DM [7]. Therefore, 
IR is a serious public health issue, and early detection and 
management of IR can help prevent further kidney dam-
age and improve patients’ quality of life.

Hyperinsulinemic-euglycemic clamp (HEC) technique 
is the gold standard for assessing IR, but it has been 
limited in large-scale clinical trials and epidemiological 
investigations because of its invasiveness and low practi-
cability [8]. Studies have shown that alternative IR mark-
ers, such as the metabolic score of IR (METS-IR) [9], 
homeostatic model assessment for IR (HOMA-IR) [7, 
10], triglyceride glucose index (TyG) [11, 12] are closely 
associated with the progression of CKD. A recent study 
evaluated TyG-related parameters as more effective in 
assessing DM than isolated TyG indices, such as triglyc-
eride glucose-waist-to-height ratio (TyG-WHtR) and 
triglyceride glucose-body mass index (TyG-BMI) [13]. 

However, the relationship between IR-related indexes 
and CKD is still debatable, as some research indicated 
that there is no significant correlation between IR-related 
indexes and a decline in estimated glomerular filtration 
rate (eGFR) in patients with or without DM [14, 15]. 
Prospective data concerning the association between 
impaired IR and mortality in CKD are scarce and con-
flicting. For example, research showed that IR failed to 
predict all-cause mortality and cardiovascular disease 
(CVD) mortality independently of classical risk factors 
[16], while another research found that TyG was a pre-
dictor of major adverse cardiovascular events (including 
acute myocardial infarction and ischemic stroke) in CKD 
patients after adjusting for demographic variables, blood 
lipid, blood sugar, hypertension, diabetes, smoking, and 
drinking [17]. Meanwhile, the effect of applying the IR-
related indexes to predict the risk of CKD is unclear. 
Therefore, this study collected data from the National 
Health and Nutrition Examination Survey (NHANES) 
to explore the association of multiple IR-related indexes 
with CKD and the all-cause mortality and CVD mortal-
ity in CKD patients and the predictive value of IR-related 
indexes for CKD.

Methods
Study population
NHANES is a crucial research program that aims to 
assess the health and nutritional condition of both adults 
and children residing in the US. The national health 
statistics are provided by the Centers for Disease Con-
trol and Prevention (CDC), and the Research Ethics 
Review Board of the National Center for Health Statistics 
(NCHS) has formally authorized the NHANES meth-
ods. In order to safeguard the rights of the participants, 
NHANES has acquired informed written consent from 
all the individuals involved in the study. Moreover, the 
datasets generated and analyzed in the current study are 
available on the official NHANES website (https:// www. 
cdc. gov/ nchs/ nhanes/ index. html).

For this study, NHANES 2007–2016 participants were 
obtained. After removing 36,186 patients with incomplete 
data for calculating the IR-related indexes [which includes 
fasting plasma glucose (FPG), triglyceride (TG), BMI, 
fasting plasma insulin, and waist circumstance], urinary 
albumin-to-creatinine ratio (UACR), and eGFR, as well 
as individuals who were younger than 20 (N = 2517), had 
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cancer (N = 1057) or were pregnant (N = 117), we came to 
the conclusion that 10,660 people were suitable (Fig. 1).

Calculation of IR‑related indexes
In this study, five IR-related indexes were considered as the 
exposure variables. FPG, TG, and high-density lipopro-
tein cholesterol (HDL-C) were measured at baseline when 
the participants provided their blood samples. During the 
physical examination process, participants’ height, waist 
circumference, and body weight were measured in a mobile 
examination center. In addition, the waist-to-height ratio 
[WHtR (waist circumference/height)] and the BMI (body 
mass/height2) were computed. These IR-related indexes 
were calculated according to the following formulas:

METS-IR =

ln
(

[2× FPG
(

mg/dl
)

+ TG
(

mg/dl
)

] ×
body mass

height2

)

ln
[

HDL-C
(

mg/dl
)]

HOMA-IR =
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)

405

TyG =
ln
[

TG
(

mg/dl
)

× FPG
(

mg/dl
)]

2

TyG-WHtR = TyG×
waist circumference

height

Definition of CKD
In this study, CKD was defined as albuminuria or an 
eGFR of less than 60  ml/min/1.73   m2 [18]. Albuminu-
ria was defined as UACR ≥ 30 mg/g [18]. As binary race 
classification ignores ancestral diversity within racial and 
ethnic groups, we used Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) without race to deter-
mine eGFR [19].

Assessment of covariates
For demographic variables, age (categorized as 20–39, 
40–59, and ≥ 60), gender (male and female), race 
(Mexican Hispanic, non-Hispanic white, non-Hispanic 
black, and other races), education levels (below high 
school, high school graduate, college or above), mari-
tal status (married or living with a partner and no), 
and poverty to income ratio (PIR) (categorized as ≤ 1.3 
for low income, 1.3–3.5 for medium income, and > 3.5 
for high income) were obtained from the interview by 
standardized questionnaires. According to the question 
“Do you now smoke cigarettes?”, smoking status was 
classified as smoking now or do not smoke now; and 
according to the question “Have you smoked at least 
100 cigarettes in your entire life?”, the participants who 
did not smoke now were divided into having a smok-
ing history or never smoking. According to the ques-
tion “Had at least 12 alcohol drinks/lifetime?”, alcohol 
status was divided into yes or no. BMI was catego-
rized into three groups: < 25, 25 to 29.9, and ≥ 30   kg/
m2. Hypertension was defined as the mean blood pres-
sure value of three measurements ≥ 130 mmHg for sys-
tolic blood pressure (SBP) or ≥ 80 mmHg for diastolic 
blood pressure (DBP), or having been informed by a 
physician of a diagnosis of hypertension [20]. Predia-
betes is identified by having 100 ≤ FBG ≤ 125  mg/dl, 
140 mg/dl ≤ oral glucose tolerance test (OGTT) ≤ 199 
mg/dl, or 5.7% ≤ hemoglobin A1c (HbA1c) < 6.5% 
[21]. Diabetes was defined by self-reported diagno-
sis, use of insulin or oral hypoglycemic medication, 
FBG ≥ 126 mg/dl, OGTT ≥ 200 mg/dl, or HbA1c ≥ 6.5% 
[21]. Hyperlipidemia was defined as having total cho-
lesterol ≥ 200  mg/dl, TG ≥ 150  mg/dl, HDL-C < 40  mg/
dl in males and < 50  mg/dl in females, or low-density 
lipoprotein cholesterol ≥ 130  mg/dl [22]. Hyperurice-
mia was delineated as a serum uric acid ≥ 7.0 mg/dl in 
males or ≥ 6.0 mg/dl in females [23]. MetS was char-
acterized by the following diagnostic criteria, requir-
ing three of five factors [22]: (1) TG ≥ 150  mg/dL; (2) 

TyG-BMI = TyG×
body mass

height2

Fig. 1 Flowchart of the sample selection from NHANES 2007–2016. 
NHANES National Health and Nutrition Examination Survey, IR insulin 
resistance, eGFR estimated glomerular filtration rate, UACR  urinary 
albumin-to-creatinine ratio
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HDL-C < 40  mg/dl in male or < 50  mg/dl in female; (3) 
FPG ≥ 100  mg/dl; (4) waist circumference > 102  cm in 
male or > 88 cm in female; (5) SBP ≥ 130 mmHg and/or 
DBP ≥ 85 mmHg.

Statistical analysis
Categorical variables were presented as counts with 
percentages, and the Chi-square test or Fisher’s exact 
probability test (counting variables with theoretical 
numbers < 10) was performed for statistical analysis. 
Continuous variables were presented as mean values 
with standard deviations (SD), Kruskal–Wallis test was 
used to assess the differences between groups.

We considered IR-related indexes as continuous 
variables and then divided the total participants into 
four quartiles for further analysis. Next, three logistic 
regression models were used to examine the association 
of the quartiles of IR-related indexes with CKD. The 
lowest quartile (Q1) was a reference, then odd ratios 
(ORs) along with their 95% confidence interval (CI) for 
Quartile 2 (Q2), Quartile 3 (Q3), and Quartile 4 (Q4) 
were calculated. The Cox proportional hazards model 
was used to estimate hazard ratios (HRs) and 95% CI 
for the association between IR-related indexes and all-
cause mortality and cardiovascular disease (CVD) mor-
tality. Model 1 was unadjusted; model 2 was adjusted 
for age, gender, race, education level, marital status, 
and PIR; and model 3 was further adjusted for BMI, 
smoking status, alcohol status, hypertension, abnormal 
glucose metabolism, hyperlipidemia, hyperuricemia.

The dose–response relationship (linear or nonlinear) 
between IR-related indexes and CKD, or the all-cause 
mortality and CVD mortality of CKD patients was 
investigated by the restricted cubic spline (RCS) model. 
Models fitted by RCS were adjusted for the same covar-
iates as in model 3 performed.

Subgroup analysis was conducted to assess poten-
tial moderating effects of age (20–39, 40–59, and 
≥ 60), gender (male and female), race (Mexican His-
panic, non-Hispanic white, non-Hispanic black, and 
other races), education level (below high school, high 
school graduate, college or above), marital status (mar-
ried or living with a partner and no), PIR (low income, 
medium income, and high income), BMI (< 25, 25–29.9, 
and ≥ 30), smoking status (never, smoking history, and 
smoking now), alcohol status (yes and no), hyperten-
sion (yes and no), abnormal glucose metabolism (diabe-
tes, prediabetes, and no), hyperlipidemia (yes and no), 
and hyperuricemia (yes and no).

Receiver operating characteristic (ROC) curves were 
used for diagnostic value analysis, and the area under 

the curve (AUC) was calculated to quantify the predic-
tive power of IR-related indexes for CKD.

All analysis was performed with STATA version 15.0 
and R version 4.3.0. A two-sided P value < 0.05 was con-
sidered statistically significant.

Results
Participants’ characteristics at baseline
Among the 10,660 participants in our analysis, 15.42% of 
whom were CKD patients. Women made up 50.31% and 
people over 60 made up 29.00% of all participants. The 
proportion of Mexican Americans was 16.41%. As shown 
in Table  1, compared to non-CKD individuals, those 
CKD patients were more likely to be female, older, non-
married or living with a partner, smoker, drinker, to have 
lower levels of educational strata, lower income, higher 
BMI, BP, blood glucose, blood lipids, and blood uric acid. 
Meanwhile, as compared to non-CKD participants, all 
IR-related indexes were notably higher in CKD patients 
(P < 0.05).

Associations of IR‑related indexes with CKD
The associations between IR-related indexes and CKD 
are shown in Tables  2, 3, 4, 5, 6. The results revealed a 
positive association between IR-related indexes (con-
tinuous) and CKD with statistical significance (P < 0.05). 
After confounders adjusted, TyG had the highest corre-
lation with CKD (OR: 1.30, 95% CI 1.17–1.44), followed 
by TyG-WHtR (OR: 1.27, 95% CI 1.16–1.39), HOMA-IR 
(OR: 1.02, 95% CI 1.01–1.02), METS-IR (OR: 1.01, 95% 
CI 1.00–1.02), TyG-BMI (OR: 1.00, 95% CI 1.00–1.00). 
The risk of CKD was significantly higher with TyG-WHtR 
Q3 (OR: 1.44, 95% CI 1.12–1.86) and Q4 (OR: 1.82, 95% 
CI 1.36–2.44) compared to TyG-WHtR Q1 (reference 
group), with P for trend < 0.0001. However, after being 
grouped as quartiles, there was no significant correlation 
between other IR-related indexes (METS-IR, HOMA-IR, 
TyG, and TyG-BMI) and CKD in model 3.

RCS analysis investigating the relationship 
between IR‑related indexes and CKD
As the logistic regression models, which classified the 
IR-related indexes as quartiles, did not reveal any differ-
ence after the confounders were adjusted, we employed 
RCS to model and illustrate the non-linear associa-
tion between IR-related measures and CKD in a flexible 
manner. The findings revealed a U-shape relationship 
between CKD participants and the IR-related indica-
tors (Fig.  2). After confounders adjusted, the risk of 
CKD increases in model 3 when the METS-IR index 
is greater than 42.5 (P-overall < 0.0001 and P-nonlin-
ear < 0.0001) (Fig.  2A), the HOMA-IR index is greater 
than 2.5 (P-overall < 0.0001 and P-nonlinear = 0.0003) 
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Table 1 Baseline variables according to the CKD group

Non‑CKD CKD P value

N 8956 1644

Gender, n (%) 0.031

 Female 4491 (50.15%) 872 (53.04%)

 Male 4465 (49.85%) 772 (46.96%)

Age, n (%) < 0.001

 20–39 3420 (38.19%) 296 (18.00%)

 40–59 3329 (37.17%) 464 (28.22%)

  ≥ 60 2207 (24.64%) 884 (53.77%)

Race, n (%) < 0.001

 Mexican American 1477 (16.49%) 272 (16.55%)

 Non-Hispanic White 3609 (40.30%) 662 (40.27%)

 Non-Hispanic Black 1722 (19.23%) 379 (23.05%)

 Others 2148 (23.98%) 331 (20.13%)

Education level, n (%) < 0.001

 Below high school 2205 (24.62%) 581 (35.34%)

 High school graduate 1940 (21.66%) 408 (24.82%)

 College or above 4804 (53.64%) 652 (39.66%)

 Missing 7 (0.08%) 3 (0.18%)

Marital status, n (%) < 0.001

 Married or living with a partner 5496 (61.37%) 895 (54.44%)

 No 3460 (38.63%) 749 (45.56%)

PIR, n (%) < 0.001

 Low income 2695 (30.09%) 578 (35.16%)

 Medium income 2978 (33.25%) 613 (37.29%)

 High income 3283 (36.66%) 453 (27.55%)

BMI, n (%) < 0.001

 < 25 2697 (30.11%) 432 (26.28%)

 25–29.9 3077 (34.36%) 474 (28.83%)

 ≥ 30 3182 (35.53%) 738 (44.89%)

Smoking status, n (%) < 0.001

 Smoking now 1500 (16.75%) 299 (18.19%)

 Smoking history 2358 (26.33%) 499 (30.35%)

 Never 5098 (56.92%) 846 (51.46%)

Alcohol status, n (%) 0.006

 Yes 1062 (11.86%) 235 (14.29%)

 No 7894 (88.14%) 1409 (85.71%)

Hypertension, n (%) < 0.001

 Yes 4053 (45.25%) 1226 (74.57%)

 No 4903 (54.75%) 418 (25.43%)

Abnormal glucose metabolism, n (%) < 0.001

 Diabetes 1399 (15.62%) 703 (42.76%)

 Prediabetes 2790 (31.15%) 502 (30.54%)

 No 4767 (53.23%) 439 (26.70%)

Hyperlipidemia, n (%) < 0.001

 Yes 5588 (62.39%) 1098 (66.79%)

 No 3368 (37.61%) 546 (33.21%)

Hyperuricemia, n (%) < 0.001

 Yes 1617 (18.05%) 560 (34.06%)

 No 7339 (81.95%) 1084 (65.94%)
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(Fig.  2B), the TyG index is greater than 9.05 (P-over-
all < 0.0001 and P-nonlinear < 0.0001) (Fig. 2C), the TyG-
WHtR index is greater than 4.3 (P-overall < 0.0001 and 
P-nonlinear = 0.0006) (Fig.  2D), or when the TyG-BMI 
index is greater than 245 (P-overall < 0.0001 and P-non-
linear < 0.0001) (Fig. 2E). Further research was done using 

the logistic regression model based on the turning points 
of IR-related indexes (Table  7). We discovered statisti-
cally significant positive correlations between CKD and 
IR-related indices (P < 0.05). TyG had the highest positive 
correlation with the prevalence of CKD (OR: 1.77, 95% 
CI 1.44–2.18, followed by TyG-WHtR (OR: 1.31, 95% 

Table 1 (continued)

Non‑CKD CKD P value

MetS, n (%) < 0.001

 Yes 2449 (27.34%) 827 (50.30%)

 No 6507 (72.66%) 817 (49.70%)

METS-IR, mean ± SD 42.64 ± 11.95 45.92 ± 13.91 < 0.001

HOMA-IR, mean ± SD 3.61 ± 4.84 5.78 ± 11.74 < 0.001

TyG, mean ± SD 8.57 ± 0.66 8.86 ± 0.78 < 0.001

TyG-WHtR, mean ± SD 5.04 ± 1.01 5.54 ± 1.13 < 0.001

TyG-BMI, mean ± SD 247.50 ± 63.52 266.67 ± 73.86 < 0.001

Continuous variables were listed as mean ± standard deviation (SD), and the Kruskal–Wallis test was conducted to compare continuous baseline characteristics. 
Categorical variables were listed as counts and percentages, and Chi-square tests or Fisher’s exact probability test was conducted to compare categorical baseline 
characteristics

CKD chronic kidney disease, PIR poverty to income ratio, BMI body mass index, MetS metabolic syndrome, METS-IR metabolic score for insulin resistance, HOMA-IR 
homeostatic model assessment for insulin resistance, TyG triglyceride glucose index, TyG-WHtR triglyceride glucose-waist-to-height ratio, TyG-BMI triglyceride glucose-
body mass index

Table 2 Associations of metabolic score of insulin resistance (METS-IR) with the risk of chronic kidney disease

OR odd ratio, 95% CI 95% confidence interval
a Model 1 was unadjusted
b Model 2 was adjusted for age, gender, race, education level, marital status, and poverty to income ratio
c Model 3 includes adjustment for variables in model 2 plus body mass index, smoking status, alcohol status, hypertension, abnormal glucose metabolism, 
hyperlipidemia, and hyperuricemia

METS‑IR continuous 
OR (95% CI)

METS‑IR quantiles
OR (95% CI)

P for trend

Q1 Q2 Q3 Q4

Model  1a 1.02 (1.02, 1.02) Reference 1.02 (0.87, 1.19) 1.22 (1.04, 1.42) 1.79 (1.54, 2.07) < 0.0001

Model  2b 1.02 (1.02, 1.03) Reference 0.86 (0.73, 1.02) 1.00 (0.85, 1.17) 1.62 (1.39, 1.89) < 0.0001

Model  3c 1.01 (1.00, 1.02) Reference 0.88 (0.70, 1.10) 0.84 (0.63, 1.11) 0.99 (0.71, 1.37) 0.025

Table 3 Associations of homeostatic model assessment for insulin resistance (HOMA-IR) with the risk of chronic kidney disease

OR odd ratio, 95% CI 95% confidence interval
a Model 1 was unadjusted
b Model 2 was adjusted for age, gender, race, education level, marital status, and poverty to income ratio
c Model 3 includes adjustment for variables in model 2 plus body mass index, smoking status, alcohol status, hypertension, abnormal glucose metabolism, 
hyperlipidemia, and hyperuricemia

HOMA‑IR continuous
OR (95% CI)

HOMA‑IR quantiles
OR (95% CI)

P for trend

Q1 Q2 Q3 Q4

Model  1a 1.04 (1.04, 1.05) Reference 1.04 (0.88, 1.22) 1.14 (0.97, 1.33) 1.95 (1.68, 2.26) < 0.0001

Model  2b 1.04 (1.03, 1.05) Reference 0.93 (0.79, 1.10) 0.99 (0.84, 1.17) 1.65 (1.42, 1.93) < 0.0001

Model  3c 1.02 (1.01, 1.02) Reference 0.87 (0.73, 1.04) 0.79 (0.65, 0.95) 0.90 (0.74, 1.09) < 0.0001
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CI 1.19–1.45), HOMA-IR (OR: 1.02, 95% CI 1.01–1.03), 
METS-IR (OR: 1.01, 95% CI 1.01–1.02), TyG-BMI (OR: 
1.00, 95% CI 1.00–1.00).

Subgroup analysis of the correlation 
between the IR‑related indexes and CKD
The association of 5 surrogate markers of IR and the 
prevalence of CKD remained consistent in most sub-
groups (P for interactions > 0.05). Nevertheless, with 

METS-IR ≥ 42.5, there was a strong positive correlation 
between the METS-IR and the prevalence of CKD in par-
ticipants who were male, 40–59 years old, smokers, and 
those who had high income and without hyperuricemia 
(Fig. 3A). Additionally, there was a significant interaction 
between subgroups stratified by gender and age between 
HOMA-IR index and the prevalence of CKD, female and 
40–59  years old participants were more likely to have 
CKD when HOMA-IR ≥ 2.5 (Fig. 3B). The TyG index and 

Table 4 Associations of triglyceride glucose index (TyG) with the risk of chronic kidney disease

OR odd ratio, 95% CI 95% confidence interval
a Model 1 was unadjusted
b Model 2 was adjusted for age, gender, race, education level, marital status, and poverty to income ratio
c Model 3 includes adjustment for variables in model 2 plus body mass index, smoking status, alcohol status, hypertension, abnormal glucose metabolism, 
hyperlipidemia, and hyperuricemia

TyG continuous OR 
(95% CI)

TyG quantiles
OR (95% CI)

P for trend

Q1 Q2 Q3 Q4

Model  1a 1.78 (1.65, 1.91) Reference 1.27 (1.07, 1.50) 1.62 (1.37, 1.90) 2.57 (2.21, 3.00)  < 0.0001

Model  2b 1.70 (1.57, 1.85) Reference 1.09 (0.91, 1.29) 1.33 (1.12, 1.58) 2.09 (1.77, 2.47)  < 0.0001

Model  3c 1.30 (1.17, 1.44) Reference 0.95 (0.79, 1.14) 1.03 (0.85, 1.24) 1.21 (0.99, 1.49)  < 0.0001

Table 5 Associations of triglyceride glucose-waist-to-height ratio (TyG-WHtR) with the risk of chronic kidney disease

OR odd ratio, 95% CI 95% confidence interval
a Model 1 was unadjusted
b Model 2 was adjusted for age, gender, race, education level, marital status, and poverty to income ratio
c Model 3 includes adjustment for variables in model 2 plus body mass index, smoking status, alcohol status, hypertension, abnormal glucose metabolism, 
hyperlipidemia, and hyperuricemia

TyG‑WHtR continuous 
OR (95% CI)

TyG‑WHtR quantiles
OR (95% CI)

P for trend

Q1 Q2 Q3 Q4

Model  1a 1.55 (1.47, 1.62) Reference 1.48 (1.24, 1.77) 1.90 (1.60, 2.25) 3.34 (2.84, 3.91) < 0.0001

Model  2b 1.40 (1.32, 1.47) Reference 1.13 (0.94, 1.35) 1.34 (1.12, 1.61) 2.20 (1.86, 2.61) < 0.0001

Model  3c 1.27 (1.16, 1.39) Reference 1.22 (0.98, 1.50) 1.44 (1.12, 1.86) 1.82 (1.36, 2.44) < 0.0001

Table 6 Associations of triglyceride glucose-body mass index (TyG-BMI) with the risk of chronic kidney disease

OR odd ratio, 95% CI 95% confidence interval
a Model 1 was unadjusted
b Model 2 was adjusted for age, gender, race, education level, marital status, and poverty to income ratio
c Model 3 includes adjustment for variables in model 2 plus body mass index, smoking status, alcohol status, hypertension, abnormal glucose metabolism, 
hyperlipidemia, and hyperuricemia

TyG‑BMI continuous 
OR (95% CI)

TyG‑BMI quantiles
OR (95% CI)

P for trend

Q1 Q2 Q3 Q4

Model  1a 1.00 (1.00, 1.01) Reference 1.12 (0.95, 1.31) 1.24 (1.06, 1.45) 1.94 (1.67, 2.25) < 0.0001

Model  2b 1.00 (1.00, 1.00) Reference 0.90 (0.76, 1.06) 0.98 (0.83, 1.16) 1.62 (1.38, 1.89) < 0.0001

Model  3c 1.00 (1.00, 1.00) Reference 0.90 (0.72, 1.14) 0.81 (0.60, 1.10) 0.92 (0.65, 1.32) 0.048
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Fig. 2 Associations between A metabolic score of insulin resistance (METS-IR), B homeostatic model assessment for insulin resistance (HOMA-IR), 
C triglyceride glucose index (TyG), D triglyceride glucose-waist-to-height ratio (TyG-WHtR), and E triglyceride glucose-body mass index (TyG-BMI) 
with the risk of chronic kidney disease were evaluated by restricted cubic spline after adjustment for the covariables in model 3. The solid blue lines 
correspond to the central estimates, and the light blue regions indicate the 95% confidence intervals. The dashed lines parallel to the X-axis indicate 
that odd ratio = 1, and the dashed lines parallel to the Y-axis indicate that the X value is equal to the turning point
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the prevalence of CKD showed a more positive relation-
ship in individuals with diabetes when TyG was greater 
than 9.05 (Fig.  3C). In addition, the following variables 
were associated with a higher risk of CKD when TyG-
WHtR ≥ 4.3, the risk of CKD was higher with the follow-
ing characteristics: male, 40–59 years old, high education 
level, lower BMI, and absence of hypertension or hyper-
uricemia (Fig.  3D). The following factors increased the 
risk of CKD when TyG-BMI ≥ 245: male, age 40–59, 
higher income, smokers, and absence of hyperuricemia 
(Fig. 3E).

Diagnostic efficacy of IR‑related indexes for CKD
The receiver operating characteristic (ROC) curve was 
used to analyze the diagnostic efficacy of the IR-related 
indexes for CKD (Fig. 4). An AUC greater than 0.5 is con-
sidered to have diagnostic applications, TyG-WHtR was 
the best predictive index (AUC: 0.630, 95% CI 0.615–
0.644), followed by TyG (AUC: 0.607, 95% CI 0.592–
0.622), HOMA-IR (AUC: 0.577, 95% CI 0.561–0.593), 
TyG-BMI (AUC: 0.576, 95% CI 0.560–0.591), and METS-
IR (AUC: 0.568, 95% CI 0.552–0.583).

Associations of IR‑related indexes with all‑cause mortality 
and CVD mortality in CKD patients
Supplementary tables provide detailed information on all 
associations of IR-related indexes with all-cause mortal-
ity and CVD mortality in CKD patients. After adjustment 
for covariates, the results demonstrated that TyG-WHtR 
was positively correlated with all-cause mortality in CKD 
patients (HR: 1.34, 95% CI 1.14–1.58) (Table 8), and the 
RCS curve revealed a linear correlation between TyG-
WHtR and the all-cause mortality of CKD patients 
(P-overall = 0.0005, P-nonlinear = 0.7834) (Fig. 5A). Nev-
ertheless, there was no discernible relationship between 
TyG-WHtR and CKD patients’ CVD mortality (Table 8). 
Meanwhile, METS-IR, HOMA-IR, TyG, and TyG-BMI 
were not significantly associated with all-cause mortality 

or CVD mortality in CKD patients (supplementary 
Tables 1–4). After adjusting for all covariates in model 3 
above, the Kaplan–Meier curve showed that the cumula-
tive probability of survival was reduced in CKD patients 
with TyG-WHtR ≥ 4.3 compared to those with TyG-
WHtR < 4.3 (Fig. 5B).

Discussion
This cross-sectional study conducted on 10,660 adult 
participants revealed a U-shape relationship between the 
occurrence of CKD and IR-related indexes. Specifically, 
an increase in IR-related indices was positively associ-
ated with a higher prevalence of CKD, particularly when 
the following thresholds were met: METS-IR ≥ 42.5, 
HOMA-IR ≥ 2.5, TyG ≥ 9.05, TyG-WHtR ≥ 4.3, and TyG-
BMI ≥ 245. Subgroup studies and interaction tests dem-
onstrated that different groups with elevated IR-related 
indices had distinct associations with CKD risk. ROC 
analysis revealed that TyG-WHtR might serve as a more 
reliable predictor of CKD compared to other IR-related 
indices, including METS-IR, HOMA-IR, TyG, and TyG-
BMI. Additionally, TyG-WHtR was positively linked to 
the all-cause mortality rates among CKD patients. Lastly, 
it’s critical to stress and emphasize the importance of 
high IR levels when evaluating adult Americans’ renal 
health.

One of the main effects of IR is hyperinsulinemia, 
which impairs kidney function by increased vascular 
permeability, endothelial dysfunction, and glomeru-
lar hyperfiltration [4]. In a longitudinal study involv-
ing patients with CKD, individuals who exhibited IR 
were observed to have a greater decline in renal func-
tion compared to insulin-sensitive people [24]. How-
ever, another study indicated that in non-diabetic CKD 
patients with eGFR between 20–70  ml/min/1.73   m2, 
HOMA-IR is not associated with ESKD or eGFR reduc-
tion (HR: 1.01, 95% CI 0.90–1.14) [14]. Meanwhile, 
there was no significant correlation between TyG 

Table 7 Associations of insulin resistance‑related indexes with the risk of chronic kidney disease after turning points

METS-IR metabolic score for insulin resistance, HOMA-IR homeostatic model assessment for insulin resistance, TyG triglyceride glucose index, TyG-WHtR triglyceride 
glucose-waist-to-height ratio, TyG-BMI triglyceride glucose-body mass index, OR odd ratio, 95% CI 95% confidence interval
a Model 1 was unadjusted
b Model 2 was adjusted for age, gender, race, education level, marital status, and poverty to income ratio
c Model 3 includes adjustment for variables in model 2 plus body mass index, smoking status, alcohol status, hypertension, abnormal glucose metabolism, 
hyperlipidemia, and hyperuricemia

METS‑IR (≥ 42.5)
OR (95% CI)

HOMA‑IR (≥ 2.5)
OR (95% CI)

TyG (≥ 9.05)
OR (95% CI)

TyG‑WHtR (≥ 4.3)
OR (95% CI)

TyG‑BMI (≥ 245)
OR (95% CI)

N = 4,881 N = 5,396 N = 2,466 N = 8,146 N = 5,062

Model  1a 1.02 (1.02, 1.03) 1.04 (1.03, 1.05) 2.00 (1.67, 2.39) 1.57 (1.47, 1.67) 1.00 (1.00, 1.01)

Model  2b 1.03 (1.02, 1.04) 1.04 (1.03, 1.05) 2.22 (1.84, 2.69) 1.49 (1.40, 1.60) 1.01 (1.00, 1.01)

Model  3c 1.01 (1.01, 1.02) 1.02 (1.01, 1.03) 1.77 (1.44, 2.18) 1.31 (1.19, 1.45) 1.00 (1.00, 1.00)
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Variable
Overall

Count

Gender
   male

OR (95% CI)

   female

P value

age_new

P for interaction

   20−39
   40−59
   ≥ 60
Race
   Mexican American
   Non−Hispanic White
   Non−Hispanic Black
   Others
Marital
   married or living with partner
   No
PIR_new
   Low income
   Mediumincome
   High income
Education
   Below high school
   High school graduate
   College or above
BMI_new
   <25
   25−29.9
   ≥ 30
Smoking_status
   No
   Smoking history
   Smoke now
Alcohol_status
   No
   Yes
Hypertension
   No
   Yes
Abnormal_glucose_metabolism
   No
   Prediabetes
   Diabetes
Hyperlipidemia
   No
   Yes
Hyperuricemia
   No
   Yes

2466

1438
1028

578
1017
871

543
1022
303
598

1544
922

827
831
808

816
583
1062

320
869
1277

1194
790
482

2154
312

836
1630

595
779
1092

135
2331

1662
804

2 (1.67 to 2.39)

1.99 (1.58 to 2.5)
2.28 (1.68 to 3.09)

2.01 (1.34 to 3.03)
2.45 (1.87 to 3.22)
1.87 (1.34 to 2.61)

2.01 (1.38 to 2.91)
1.99 (1.49 to 2.67)
1.57 (0.98 to 2.49)
2.4 (1.64 to 3.51)

2 (1.59 to 2.52)
2.07 (1.54 to 2.79)

2.09 (1.56 to 2.81)
1.67 (1.22 to 2.3)
2.27 (1.63 to 3.16)

1.6 (1.19 to 2.15)
1.98 (1.33 to 2.93)
2.46 (1.85 to 3.27)

2.86 (1.57 to 5.21)
1.56 (1.14 to 2.14)
2.19 (1.72 to 2.8)

2 (1.54 to 2.6)
1.91 (1.4 to 2.61)
2.13 (1.4 to 3.23)

1.89 (1.56 to 2.3)
2.88 (1.72 to 4.84)

1.95 (1.34 to 2.85)
1.94 (1.57 to 2.4)

1.01 (0.49 to 2.08)
0.76 (0.41 to 1.43)
1.64 (1.32 to 2.03)

3.52 (0.82 to 15.11)
2.1 (1.74 to 2.52)

2.22 (1.79 to 2.75)
1.65 (1.17 to 2.33)

<0.001

<0.001
<0.001

0.001
<0.001
<0.001

<0.001
<0.001
0.059
<0.001

<0.001
<0.001

<0.001
0.001
<0.001

0.002
0.001
<0.001

0.001
0.006
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001

0.001
<0.001

0.971
0.397
<0.001

0.09
<0.001

<0.001
0.004

0.494

0.433

0.58

0.859

0.399

0.116

0.113

0.922

0.136

0.982

0.035

0.488

0.154

0 1 2 3 4 5

Variable
Overall

Count

Gender
   male

OR (95% CI)

   female

P value

age_new

P for interaction

   20−39
   40−59
   ≥ 60
Race
   Mexican American
   Non−Hispanic White
   Non−Hispanic Black
   Others
Marital
   married or living with partner
   No
PIR_new
   Low income
   Mediumincome
   High income
Education
   Below high school
   High school graduate
   College or above
BMI_new
   <25
   25−29.9
   ≥ 30
Smoking_status
   No
   Smoking history
   Smoke now
Alcohol_status
   No
   Yes
Hypertension
   No
   Yes
Abnormal_glucose_metabolism
   No
   Prediabetes
   Diabetes
Hyperlipidemia
   No
   Yes
Hyperuricemia
   No
   Yes

5062

2492
2570

1493
1985
1584

1023
1999
1063
977

3119
1943

1621
1754
1687

1455
1186
2416

11
1254
3797

2779
1504
779

4378
684

1906
3156

1762
1799
1501

1246
3816

3524
1538

1 (1 to 1.01)

1.01 (1 to 1.01)
1 (1 to 1.01)

1 (1 to 1.01)
1.01 (1.01 to 1.01)
1 (1 to 1.01)

1 (1 to 1.01)
1 (1 to 1.01)
1 (1 to 1.01)
1.01 (1 to 1.01)

1.01 (1 to 1.01)
1 (1 to 1.01)

1 (1 to 1.01)
1 (1 to 1)
1.01 (1.01 to 1.01)

1 (1 to 1.01)
1 (1 to 1.01)
1.01 (1 to 1.01)

0.97 (0.82 to 1.16)
1.01 (1 to 1.02)
1 (1 to 1.01)

1 (1 to 1.01)
1 (1 to 1.01)
1.01 (1.01 to 1.01)

1.01 (1 to 1.01)
1 (1 to 1.01)

1.01 (1 to 1.01)
1 (1 to 1)

1 (1 to 1.01)
1 (1 to 1)
1 (1 to 1)

1 (1 to 1.01)
1 (1 to 1.01)

1.01 (1 to 1.01)
1 (1 to 1)

<0.001

<0.001
<0.001

<0.001
<0.001
0.004

0.003
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
0.015
<0.001

<0.001
0.014
<0.001

0.776
0.003
<0.001

<0.001
<0.001
<0.001

<0.001
0.054

<0.001
<0.001

0.045
0.371
0.001

0.011
<0.001

<0.001
0.011

0.028

0.004

0.407

0.116

0.008

0.156

0.173

0.038

0.19

0.148

0.405

0.502

0.016

0 0.5 1 1.5 2

Variable
Overall

Count

Gender
   male

OR (95% CI)

   female

P value

age_new

P for interaction

   20−39
   40−59
   ≥ 60
Race
   Mexican American
   Non−Hispanic White
   Non−Hispanic Black
   Others
Marital
   married or living with partner
   No
PIR_new
   Low income
   Mediumincome
   High income
Education
   Below high school
   High school graduate
   College or above
BMI_new
   <25
   25−29.9
   ≥ 30
Smoking_status
   No
   Smoking history
   Smoke now
Alcohol_status
   No
   Yes
Hypertension
   No
   Yes
Abnormal_glucose_metabolism
   No
   Prediabetes
   Diabetes
Hyperlipidemia
   No
   Yes
Hyperuricemia
   No
   Yes

8146

4042
4104

2268
3105
2773

1538
3245
1544
1819

5072
3074

2559
2780
2807

2346
1835
3956

1118
3145
3883

4480
2369
1297

7092
1054

3472
4674

3298
2836
2012

2404
5742

6149
1997

1.57 (1.47 to 1.67)

1.7 (1.54 to 1.87)
1.47 (1.36 to 1.6)

1.5 (1.29 to 1.75)
1.86 (1.67 to 2.08)
1.32 (1.2 to 1.45)

1.59 (1.36 to 1.86)
1.57 (1.42 to 1.72)
1.51 (1.32 to 1.73)
1.67 (1.45 to 1.94)

1.59 (1.46 to 1.73)
1.51 (1.38 to 1.66)

1.5 (1.36 to 1.67)
1.46 (1.31 to 1.62)
1.73 (1.54 to 1.95)

1.47 (1.32 to 1.64)
1.38 (1.21 to 1.56)
1.7 (1.54 to 1.88)

3.42 (2.34 to 4.99)
2.54 (2.12 to 3.06)
1.74 (1.59 to 1.92)

1.48 (1.35 to 1.61)
1.67 (1.49 to 1.87)
1.68 (1.44 to 1.95)

1.58 (1.48 to 1.7)
1.47 (1.26 to 1.72)

1.6 (1.4 to 1.84)
1.36 (1.26 to 1.46)

1.36 (1.16 to 1.59)
1.13 (1 to 1.28)
1.27 (1.15 to 1.4)

1.49 (1.31 to 1.7)
1.63 (1.52 to 1.75)

1.59 (1.46 to 1.72)
1.31 (1.18 to 1.45)

<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
0.054
<0.001

<0.001
<0.001

<0.001
<0.001

0.03

<0.001

0.779

0.46

0.08

0.022

<0.001

0.151

0.385

0.035

0.173

0.253

0.004

0 1 2 3 4

Variable
Overall

Count

Gender
   male

OR (95% CI)

   female

P value

age_new

P for interaction

   20−39
   40−59
   ≥ 60
Race
   Mexican American
   Non−Hispanic White
   Non−Hispanic Black
   Others
Marital
   married or living with partner
   No
PIR_new
   Low income
   Mediumincome
   High income
Education
   Below high school
   High school graduate
   College or above
BMI_new
   <25
   25−29.9
   ≥ 30
Smoking_status
   No
   Smoking history
   Smoke now
Alcohol_status
   No
   Yes
Hypertension
   No
   Yes
Abnormal_glucose_metabolism
   No
   Prediabetes
   Diabetes
Hyperlipidemia
   No
   Yes
Hyperuricemia
   No
   Yes

5396

2753
2643

1676
1996
1724

1079
1991
1112
1214

3305
2091

1746
1850
1800

1583
1226
2580

613
1704
3079

2984
1575
837

4681
715

2157
3239

1822
1941
1633

1527
3869

3893
1503

1.04 (1.03 to 1.05)

1.03 (1.02 to 1.04)
1.05 (1.04 to 1.07)

1.05 (1.02 to 1.07)
1.06 (1.04 to 1.08)
1.02 (1.01 to 1.03)

1.03 (1.01 to 1.06)
1.04 (1.03 to 1.06)
1.03 (1.01 to 1.04)
1.05 (1.03 to 1.08)

1.04 (1.02 to 1.05)
1.04 (1.02 to 1.05)

1.04 (1.02 to 1.05)
1.04 (1.02 to 1.05)
1.04 (1.02 to 1.06)

1.04 (1.02 to 1.06)
1.02 (1.01 to 1.04)
1.05 (1.03 to 1.06)

1 (0.94 to 1.05)
1.04 (1.01 to 1.06)
1.04 (1.03 to 1.05)

1.04 (1.03 to 1.05)
1.03 (1.02 to 1.04)
1.04 (1.02 to 1.07)

1.04 (1.03 to 1.05)
1.03 (1.01 to 1.05)

1.03 (1.01 to 1.05)
1.03 (1.02 to 1.04)

0.99 (0.92 to 1.06)
1.01 (0.98 to 1.05)
1.02 (1.01 to 1.02)

1.03 (1.01 to 1.04)
1.04 (1.03 to 1.05)

1.04 (1.03 to 1.05)
1.03 (1.01 to 1.04)

<0.001

<0.001
<0.001

<0.001
<0.001
0.002

0.002
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
0.006
<0.001

0.883
0.002
<0.001

<0.001
<0.001
0.002

<0.001
0.001

0.009
<0.001

0.759
0.426
<0.001

0.002
<0.001

<0.001
<0.001

0.015

<0.001

0.236

0.706

0.967

0.1

0.26

0.513

0.67

0.693

0.727

0.085

0.148

0 0.5 1 1.5 2

Variable
Overall

Count

Gender
   male

OR (95% CI)

   female

P value

age_new

P for interaction

   20−39
   40−59
   ≥ 60
Race
   Mexican American
   Non−Hispanic White
   Non−Hispanic Black
   Others
Marital
   married or living with partner
   No
PIR_new
   Low income
   Mediumincome
   High income
Education
   Below high school
   High school graduate
   College or above
BMI_new
   <25
   25−29.9
   ≥ 30
Smoking_status
   No
   Smoking history
   Smoke now
Alcohol_status
   No
   Yes
Hypertension
   No
   Yes
Abnormal_glucose_metabolism
   No
   Prediabetes
   Diabetes
Hyperlipidemia
   No
   Yes
Hyperuricemia
   No
   Yes

4881

2548
2333

1515
1906
1460

988
1920
1024
949

3026
1855

1604
1697
1580

1404
1144
2327

25
1172
3684

2637
1441
803

4214
667

1879
3002

1721
1710
1450

1194
3687

3380
1501

1.02 (1.02 to 1.03)

1.03 (1.02 to 1.04)
1.02 (1.01 to 1.03)

1.03 (1.01 to 1.04)
1.04 (1.03 to 1.05)
1.02 (1.01 to 1.03)

1.02 (1 to 1.04)
1.02 (1.01 to 1.03)
1.02 (1.01 to 1.04)
1.04 (1.02 to 1.06)

1.03 (1.02 to 1.04)
1.02 (1.01 to 1.03)

1.02 (1 to 1.03)
1.02 (1.01 to 1.03)
1.04 (1.03 to 1.05)

1.02 (1.01 to 1.03)
1.02 (1 to 1.03)
1.03 (1.02 to 1.04)

1.07 (0.84 to 1.35)
1.02 (0.99 to 1.06)
1.02 (1.02 to 1.03)

1.02 (1.01 to 1.03)
1.02 (1.01 to 1.03)
1.04 (1.03 to 1.06)

1.03 (1.02 to 1.03)
1.01 (0.99 to 1.03)

1.03 (1.01 to 1.04)
1.02 (1.01 to 1.02)

1.02 (1 to 1.04)
1 (0.99 to 1.02)
1.01 (1 to 1.02)

1.02 (1.01 to 1.04)
1.02 (1.02 to 1.03)

1.03 (1.02 to 1.04)
1.01 (1 to 1.02)

<0.001

<0.001
0.001

<0.001
<0.001
0.002

0.028
<0.001
0.001
<0.001

<0.001
0.001

0.005
0.003
<0.001

<0.001
0.024
<0.001

0.58
0.203
<0.001

<0.001
0.001
<0.001

<0.001
0.263

<0.001
<0.001

0.015
0.654
0.003

0.008
<0.001

<0.001
0.089

0.024

0.025

0.211

0.141

0.008

0.131

0.936

0.036

0.07

0.181

0.224

0.878

0.003

0 0.5 1 1.5 2

A

E

DC

B

Fig. 3 Forest plot of A metabolic score of insulin resistance (METS-IR), B homeostatic model assessment for insulin resistance (HOMA-IR), C 
triglyceride glucose index (TyG), D triglyceride glucose-waist-to-height ratio (TyG-WHtR), and E triglyceride glucose-body mass index (TyG-BMI) 
association with the risk of chronic kidney disease
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index and type 2 diabetes mellitus (T2DM) patients 
whose eGFR was less than 30  ml/min/1.73   m2) [15]. 
Variations in study outcomes, sample size, design, and 
statistical techniques could be the cause of the discrep-
ancies in these results. It is important to note that the 
above studies mainly focused on hospitalized patients, 

so further validation in the community population is 
required.

It was demonstrated that METS-IR, a potentially use-
ful method for IR screening, was highly compatible with 
the outcomes of HEC [25]. Recent studies of the Chinese 
population have established a connection between a 
higher METS-IR and an elevated risk of several renal out-
comes, including higher UACR, a rapid decline in eGFR, 
and a mild reduction in eGFR [26, 27]. Previous research 
has demonstrated that there are population-specific dif-
ferences in the relationship between METS-IR and the 
risk of eGFR decrease or UACR increase. Among smok-
ers and individuals without hyperuricemia, METS-IR 
was adversely correlated with eGFR [9]. A Chinese study 
showed that the positive correlation between MEST-IR 
and UACR was more significant in men [26]. According 
to a new meta-analysis, current and past smokers had far 
higher risks of CKD than non-smokers (OR: 1.18, 95% 
CI 1.10–1.27) [28]. Consistent with the previous find-
ings, the subgroup analysis conducted in this study also 
demonstrated a significant association between elevated 
METS-IR and the risk of CKD among males, smokers, 
and individuals without hyperuricemia. Additionally, 
male individuals aged 40–59 and those with high incomes 
showed a stronger correlation between METS-IR and the 
risk of CKD. This finding could be explained by the pro-
tective effect of estrogen, elevated pressure from life and 
work throughout this age range, and dietary differences 
resulting from family income.

HOMA-IR, combining fasting insulin and fasting 
glucose, was used to measure IR. It was shown that 
HOMA-IR exhibited a robust correlation with CKD in 
Korean adults, regardless of their T2DM status [7]. A 
comparable Iranian cohort study revealed that a one-
unit increase in HOMA-IR was associated with a 72% 
and 37% increased risk of CKD in males and females, 
respectively [29]. In another study conducted among 
Chinese patients with MetS, a positive association was 
observed between HOMA-IR and the prevalence of 
CKD, but it was not statistically significant in females 
(male OR: 1.21, 95% CI 1.14–1.28, P ≤ 0.001; female OR: 
1.01, 95% CI 0.99–1.02, P = 0.38) [30]. However, the 
subgroup analysis in this study revealed that the asso-
ciation between an elevated HOMA-IR and the risk of 
CKD was notably stronger among female participants 
compared to males, which may be attributed to the dif-
ference in the cross-sectional study design and patient 
categories that were collected. Similar to METS-IR, 
there was a stronger correlation between increased 
HOMA-IR and the risk of CKD in the 40–59 age group 
than in the ≥ 60 age group. This could potentially be 
explained by the greater work and life stress experi-
enced by this age group, and the association between 

Fig. 4 Diagnostic efficacy of metabolic score of insulin resistance 
(METS-IR), homeostatic model assessment for insulin resistance 
(HOMA-IR), triglyceride glucose index (TyG), triglyceride 
glucose-waist-to-height ratio (TyG-WHtR), and triglyceride 
glucose-body mass index (TyG-BMI) for chronic kidney disease

Table 8 Association of triglyceride glucose-waist-to-height ratio 
(TyG-WHtR) with all-cause mortality and cardiovascular disease 
(CVD) mortality in chronic kidney disease patients

HR hazard ratio, 95% CI 95% confidence interval
a Model 1 was unadjusted
b Model 2 was adjusted for age, gender, race, education level, marital status, and 
poverty to income ratio
c Model 3 includes adjustment for variables in model 2 plus body mass index, 
smoking status, alcohol status, hypertension, abnormal glucose metabolism, 
hyperlipidemia, and hyperuricemia

TyG‑WHtR
HR (95% CI)

P value

All-cause mortality

Model  1a 1.11 (1.01, 1.21) 0.022

Model  2b 1.05 (0.95, 1.16) 0.336

Model  3c 1.34 (1.14, 1.58) 0.0005

CVD mortality

Model  1a 1.06 (0.90, 1.24) 0.516

Model  2b 1.07 (0.91, 1.26) 0.425

Model  3c 1.10 (0.82, 1.46) 0.527
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the two needs to be further explored. A recent study 
on the Korean population showed that METS-IR was 
more predictable than HOMA-IR in the prediction 
of incident albuminuria [31]. Our research results 
showed that there was no significant difference in the 
prediction of CKD between METS-IR and HOMA-IR, 
which may be caused by the differences in the included 
population.

A prospective cohort study with a median follow-
up of 17.5  years demonstrated a positive correla-
tion between the TyG index and the risk of CKD [24]. 
Furthermore, a cohort study in China found that the 
relationship between TyG and CKD was non-linear 
(P-nonlinear = 0.021). When TyG ≥ 8.94, the risk of 
CKD increased rapidly with the increase of TyG [12]. 
In line with previous investigations, the RCS curve 
results of this study also indicated a non-linear asso-
ciation between TyG and CKD, with a turning point of 
approximately 9.05 for TyG. In addition, a recent study 
has established a link between TyG levels and the risk 
of CKD progression among patients with CKD and DM 
[32], and similar findings were observed in this study’s 
subgroup analysis. Another clinical study showed that 
TyG can also independently predict the occurrence 
of CKD in non-diabetic people [33], while our study 
found that there was no significant correlation between 
TyG and CKD risk in non-diabetic participants, which 
might be a result of different study designs and uncon-
trolled confounding bias. A recent study on the Korean 
population showed that TyG was more predictable in 
the prediction of incident albuminuria than HOMA-IR 
[31], and we also found similar results.

The TyG combined obesity index, including both TyG-
WHtR and TyG-BMI, serves as a more accurate indicator 
of DM compared to the TyG index alone [13]. A linear 
regression analysis conducted on Chinese individuals 
aged 45 and above revealed that TyG-BMI was signifi-
cantly positively correlated with serum creatinine and 
negatively correlated with eGFR [34]. Another study 
included CKD stages 1–4 patients, indicating a nega-
tive correlation between TyG-BMI and unfavorable renal 
outcomes. Specifically, patients with TyG-BMI in the Q1 
range (HR: 1.86, 95% CI 1.19–2.91) and Q2 range (HR: 
1.57, 95% CI 1.10–2.23) exhibited a significantly elevated 
risk of adverse renal outcomes when compared to those 
in the Q4 group, which served as the reference category 
[35]. There was no clinical research that connected TyG-
WHtR to the risk of proteinuria, CKD, or eGFR decrease. 
The results of this study suggested that TyG-WHtR and 
TyG-BMI are U-shapely correlated with the risk of CKD, 
and the risk of CKD rises with the above index when 
the threshold is crossed. Moreover, the stratified analy-
sis showed that the correlation between TyG-WHtR or 
TyG-BMI and the risk of CKD varied among different 
population groups. Similar to METS-IR, TyG-WHtR, 
and TyG-BMI exhibited stronger positive associations 
with CKD in the non-hyperuricemia population. How-
ever, there is currently a lack of cohort studies exploring 
the correlation between TyG-WHtR and TyG-BMI and 
the risk of renal function progression in hyperuricemia 
patients, and the correlation between the two needs to be 
further explored.

Previous studies have not evaluated the nonlinear rela-
tionship between multiple IR-related indices and CKD, 

Fig. 5 A Associations between triglyceride glucose-waist-to-height ratio (TyG-WHtR) and all-cause mortality in chronic kidney disease (CKD) 
patients. B The Kaplan–Meier curve for all-cause mortality of CKD patients based on different TyG-WHtR
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and our study fills these gaps. A previous study demon-
strated that prior episodes of severe hypoglycemia were 
linked to an elevated risk of ESKD in T2DM patients 
[36]. All IR-related indexes involved in this study include 
FPG, consequently, low FPG may be the cause of the 
negative correlation found between abnormally low IR-
related indicators and an elevated risk of CKD. Malnutri-
tion has been linked to increased morbidity, decreased 
functional ability, and an increase in the frequency and 
length of hospital hospitalizations [37]. BMI offers 
important information for evaluating nutritional status. 
Low BMI is a common symptom of poor nutritional and 
calorie intake in CKD patients, which negatively impacts 
muscle protein synthesis and metabolism [38]. WHtR is 
a measure of central obesity, and a U-shape association 
was found between BMI or WHtR and UACR and micro-
albuminuria [39]. Therefore, low nutritional status may 
be the cause of the negative connection between very 
low IR-related indicators and an elevated risk of CKD. 
Cross-sectional epidemiological studies are often not 
appropriate for causality and pathophysiology estimation. 
As a result, more research is required to fully understand 
the U-shape relationship occurrence between IR-related 
indexes and CKD, particularly in animal studies or inter-
vention trials.

According to the results of the Cox proportional haz-
ards model, we found a positive linear relationship 
between TyG-WHtR and CKD patients’ all-cause mor-
tality, while a significant correlation between other IR-
related indexes and the all-cause mortality and CVD 
mortality of CKD patients was not observed. A recent 
study showed that TyG, TyG-BMI, and METS-IR were 
not associated with all-cause mortality in stages 1–4 
CKD patients [35], which was in line with the results of 
our study. However, a retrospective cohort study of the 
Chinese population found that TyG was a new predic-
tor of major adverse cardiovascular events (including 
acute myocardial infarction and ischemic stroke) in CKD 
patients [17]. Another study revealed that IR assessed 
by TyG-BMI was independently associated with an 
increased risk of CVD mortality and all-cause mortality 
in patients with peritoneal dialysis [40]. The inconsistent 
results might be partially explained by different methods 
for quantification of IR, and more experimental and clini-
cal research is therefore required in order to clarify the 
prognostic implications of IR in CKD.

The study has several advantages that set it apart from 
previous studies. First, based on population-based sam-
ple survey data, this study reports results from real-world 
clinical practice that reflect real-world conditions. Nota-
bly, it demonstrated significant associations between 
IR-related indexes and CKD even after adjusting con-
founding variables, indicating that the IR-correlated 

indexes have the potential to be useful, practical, and 
direct measures of CKD treatment and management. 
Second, we also conducted a subgroup analysis strati-
fied by different confounders and identified associations 
between IR-related indexes and CKD in different popu-
lations. For example, individuals aged 40–59  years old, 
who smoke, without hyperuricemia were shown to have 
an increased risk of CKD when IR-related indexes were 
elevated. Therefore, in clinical settings, clinicians should 
focus more on IR and kidney conditions in these popula-
tions. Nevertheless, future studies should aim to establish 
a safe threshold for IR-related indexes to guide pharma-
cological therapy in patients with CKD, as the complexity 
of the disease and the presence of numerous combined 
risk factors in patients with CKD may lessen the relation-
ship between IR-related indexes and CKD.

Some potential limitations are also worth noting. First, 
the results of this study were based on the calculation of 
IR-related indicators at baseline, and the cross-sectional 
study design restricted the inference of causality. Further 
prospective studies and longitudinal cohort studies with 
multiple IR-related index calculations are needed to fur-
ther explore the relationship between IR-related indexes 
and CKD [7]. Second, the data in this study came from 
the US population, so it is uncertain whether the con-
clusions obtained can be applied to populations in other 
regions. Finally, other residual confounders that are 
challenging to detect, evaluate, or poorly measured may 
influence our conclusions.

Conclusions
Our findings suggested that there were significant non-
linear relationships between multiple IR-related indexes 
and the risk of CKD. TyG-WHtR had the potential to 
indicate both the risk of CKD occurrence and the all-
cause mortality of CKD patients.
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