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Background: This study aimed to explore the associations of cardiometabolic index (CMI) with all-cause and cause-specific mortality among the overweight and obese population.



Methods: Mortality data for 13,674 participants with overweight or obesity were sourced from the National Death Index (NDI) and linked to the National Health and Nutrition Examination Survey (NHANES) datasets. We specifically examined the correlations of CMI with all-cause, premature, and cancer mortality. To ensure a comprehensive analysis, various statistical techniques were employed, including the Cox regression model, subgroup and sensitivity analysis, and restricted cubic spline (RCS) regression analysis. We also explored the potential mediating effect of inflammation-related indicators within these associations.



Results: After adjusting for all covariates, CMI remained positively associated with all-cause, premature, and cancer mortality among overweight and obese adults. For all-cause mortality, the hazard ratio (HR) was 1.14 [95% confidence interval (CI): 1.01–1.28, P = 0.041]. For premature mortality, the HR was 1.24 (95% CI: 1.08–1.42, P = 0.003). For cancer mortality, the HR was 1.33 (95% CI: 1.08–1.63, P = 0.006). When continues CMI was stratified into quartiles, significant correlations were maintained with all-cause mortality (P for trend = 0.003), premature mortality (P for trend = 0.006), and cancer mortality (P for trend = 0.007). Subgroup and sensitivity analyses indicated the robustness of results. Mediation analysis revealed that neutrophils mediated 16.27% of the correlation between CMI and all-cause mortality, and 11.01% of the association between CMI and premature mortality.



Conclusions: Elevated CMI is positively associated with all-cause, premature, and cancer mortality among overweight and obese adults. The associations appeared to be partially mediated by inflammatory pathways, suggesting a mechanism linking CMI to adverse health outcomes. These findings may offer valuable insights for early risk stratification and the formulation of intervention strategies within overweight and obese populations.
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Introduction

Nowadays overweight and obesity have emerged as significant health concerns globally. Numerous studies centered on diverse populations have demonstrated an alarming rise in the number of children, adolescents, and adults affected by overweight or obesity worldwide (1). The association of overweight and obesity with a heightened risk of various non-communicable diseases, such as diabetes mellitus (DM), cardiovascular disease (CVD), and certain cancers, is well-documented. Overweight or obesity not only leads to negative health impacts throughout an individual's life but also contribute to a reduction in life expectancy (1, 2). Consequently, it is imperative to pinpoint modifiable risk factors among those who are overweight or obese to enhance global public health and establish effective preventive strategies.

Chronic low-grade inflammation plays an important role in the onset and progression of obesity (3). Earlier research has demonstrated that excessive body fat accumulation can induce an imbalanced production of various adipokines and promote the infiltration of macrophages and other immune cells in adipose tissue (AT) (4, 5). Elevated inflammatory markers are independently associated with increased tissue damage and mortality risks in obese adults, irrespective of other established risk factors (6, 7). Therefore, systemic inflammation might considerably affect the long-term prognosis of individuals within the obese population.

The cardiometabolic index (CMI) is a metabolism-related indicator that combines the weight-to-height ratio (WHtR) with biochemical lipid parameters. It was initially developed as an indicator to predict the risk of DM (8). Subsequent studies have further explored the correlation between CMI and DM among diverse populations from regions including China, Japan, and the United States (U.S.) (9–11). Additionally, extensive research has demonstrated that CMI is positively correlated with increased risks of chronic conditions such as hypertension, CVD, and metabolic syndrome (MetS) (12–15). As CMI's application in clinical settings has grown, research has also highlighted its prognostic significance for all-cause mortality and mortality related to CVD and cancer across both elderly and general populations (16–18). Nonetheless, there is a notable gap in previous research regarding the relationship between CMI with all-cause, premature, and cancer mortality specifically among overweight and obese adults.

Therefore, the aim of the present study was to explore the associations of CMI with all-cause and cause-specific mortality in overweight and obese adults in the U.S. using the data from the National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018. Furthermore, we investigated the potential role of inflammatory indicators in mediating the link between CMI and mortality.



Materials and methods


Subject population and design

This study is a longitudinal cohort analysis based on data obtained from the NHANES. Comprehensive details about the survey methodologies and data access can be found at https://www.cdc.gov/nchs/nhanes/about_nhanes.htm. We extracted an extensive array of data from the NHANES database, including demographic information, questionnaire responses, physical examination results, and health-related data, spanning the years 1999–2018. To uphold the integrity and reliability of results, our exclusion criteria included individuals <20 years of age, pregnant, body mass index (BMI) < 25.0 kg/m2, missing data on BMI, CMI, inflammation-related indicators, mortality, and CMI outlier value. Finally, a total of 13,674 participants were enrolled in the present study (Figure 1).


[image: Flowchart depicting participant selection from NHANES data (1999-2018, N=101,316). Exclusions: age under 20 (N=46,235), pregnant (N=759), BMI under 25 kg/m² (N=15,098), leaving 39,224 participants. Further exclusions for missing BMI data (N=3,748), CMI (N=19,905), inflammation indicators (N=78), and mortality (N=1,577), resulting in 13,916 participants. Finally, 242 CMI outliers removed, resulting in 13,674 participants analyzed.]
FIGURE 1
Flow chart of study participants. NHANES, National Health and Nutrition Examination Survey; CMI, cardiometabolic index; BMI, body mass index.




Exposure variable and outcomes

The exposure variable was CMI. CMI = [Triglyceride (TG, mmol/L)/high-density lipoprotein cholesterol (HDL-c, mmol/L)] × [waist circumference (WC, cm)/height (cm)] (8).

The outcome variables were all-cause, premature, cancer, DM, and cardiovascular mortality. Participant mortality data were obtained from the National Center for Health Statistics (NCHS). The NHANES use linked mortality file with National Death Index (NDI) from NCHS using a well-documented and validated method of matching deaths to population data sets. Mortality follow-up data were available from the most recent update of December 31, 2019. The cause of death was determined using codes of International Statistical Classification of Diseases (10th Revision, ICD-10). Cancer mortality referred to malignant neoplasms mortality and identified through codes ranging from C00 to C97. DM mortality was identified through codes ranging from E10 to E14. Cardiovascular mortality was identified through codes of I00-I09, I11, I13, I20-I51. Premature mortality was assessed using permth_int, and defined as death occurring before the age of 75 (19).



Assessment of inflammatory indicators

Following the NHANES cohort, laboratory parameters including lymphocytes, neutrophils, monocytes, platelets were enrolled. The complete blood count (CBC)-derived systemic inflammatory indicators, including systemic immune-inflammation index (SII), aggregate index of systemic inflammation (AISI), and systemic inflammation response index (SIRI) were calculated by following formulas:

SII = (platelet count × neutrophil count)/lymphocyte count (16).

AISI = (neutrophil count × platelet count × monocyte count)/lymphocyte count (20).

SIRI = (neutrophil count × monocyte count)/lymphocyte count (21).



Covariates

We obtained the particular methodologies and caliber of determination for every covariate control approach from NHANES (https://www.cdc.gov/nchs/nhanes/about_nhanes.htm). The covariates of present study including age, gender, race, marital status, education level, family poverty-to-income ratio (PIR), smoking status, drinking status, DM, hypertension and hyperlipidemia history. DM was diagnosed based on self-reported history of DM, use of insulin or oral antidiabetic medications, fasting glucose ≥7.0 mmol/L, two-hour glucose (OGTT) ≥11.1 mmol/L, or glycosylated hemoglobin (HbAlc) ≥6.5%. The presence of hypertension was suggested by one of the following: self-reported history of hypertension, told had high blood pressure 2+ times, taking prescription for hypertension, systolic blood pressure (BP) ≥140 mmHg, or diastolic BP ≥90 mmHg. Hyperlipidemia was identified in participants who were taking lipid-lowering medications, TG ≥1.7 mmol/L, total cholesterol (TC) ≥ 5.2 mmol/L, low-density lipoprotein cholesterol (LDL-C) ≥ 3.4 mmol/L, and/or HDL-C ≤ 1.0 mmol/L for males or ≤1.3 mmol/L for females (22).



Statistical analysis

All analyses were conducted using R version 4.3.0 (The R Foundation, http://www.R-project.org), along with the Zstats v0.90 (http://www.medsta.cn/software), and EmpowerStats (http://www.empower stats.net, X&Y Solutions, Inc., Boston, Massachusetts). A P-value of <0.05 was considered statistically significant. Given the complex multistage cluster survey design of the NHANES study, we utilized sample weighting codes “WTSAF4YR” and “WTSAF2YR” for the fasting subsample from 1999 to 2002 and 2003 to 2018, respectively.

To describe the baseline characteristics, continuous variables were expressed as mean (standard error, SE), while categorical variables were presented as number (N) (percentages, %). We compared the baseline characteristics across CMI quartiles, and the cut-offs of CMI are 0.68, 0.54, 0.80 and 1.13.

In the first part of present study, we investigated the associations of CMI with all-cause and cause-specific mortality among the overweight and obese adults based on datasets from NHANES. Our statistical analyses consisted of 3 main steps. First, we constructed Cox regression analysis with univariate and multivariate models. Model 1 was non-adjusted model. Model 2 was modified for age, gender, race, marital status, education level, PIR, smoking status, and drinking status. Model 3 was further modified for comorbidities including DM, hypertension and hyperlipidemia history were adjusted. Second, we constructed the restricted cubic spline (RCS) analysis for CMI with all-cause, premature, and cancer mortality with multivariate model (adjust for age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension and hyperlipidemia). Third, to strengthen the reliability of our data analysis, we implemented both sensitivity and subgroup analyses. Initially, to address missing values in variables such as marital status (1.04%), education level (0.06%), PIR (8.32%), smoking status (0.10%), drinking status (16.28%), DM (1.29%), and hypertension (0.30%), we employed multiple imputation techniques. This process involved five replications and utilized the Markov-chain Monte Carlo method within the SAS MI procedure. RCS analysis was applied before and after imputation. Subsequently, we performed stratified and interaction analyses across various parameters, including age, gender, BMI, race, marital status, education level, smoking status, drinking status, and histories of DM, hypertension, and hyperlipidemia.

In the second part of present study, we investigated the mediation by inflammatory indicators of the association between CMI and mortality.




Results


Baseline characteristics of study population

The present study extracted data from the NHANES database spanning the years 1999–2018. Individuals were exclude based on the following criteria: age <20 years (N = 46,235), pregnancy (N = 759), body mass index (BMI) < 25.0 kg/m2 (N = 15,098), missing data on BMI (N = 3,748), missing data on CMI (N = 19,905), missing data on inflammation-related indicators (N = 78), missing data on mortality (N = 1,577), and CMI outlier value (N = 242). After exclusions, a total of 13,674 participants were enrolled in the present study (Figure 1). The weighted distribution of selected participant characteristics according to CMI quartiles is shown in Table 1. Significant differences were observed between CMI quartiles for all included baseline characteristics. Compared to Quartile 1 of CMI, participants in Quartile 4 were more likely to be older, male, Mexican American or Non-Hispanic White, have a lower education level (below high school), be married, be current smokers, and have a higher prevalence of DM, hypertension, or hyperlipidemia history, as well as higher levels of BMI, WC, WHtR, TG/HDL-c, and inflammation indicators (all P < 0.001). The mortality rates for all-cause, premature, cancer, DM, and cardiovascular were significantly higher in Quartile 4 (all P-values <0.01), highlighting the importance of exploring the associations of CMI with all-cause and cause-specific mortality. We also explored the differences of CMI, inflammation, and mortality in different obesity class groups (overweight, Class I, II, III obesity) (Supplementary Table 1).



TABLE 1 Characteristics of study population.



	Characteristic
	CMI
	Statistic
	P value



	Q 1
	Q 2
	Q 3
	Q 4





	Na
	3,542
	3,494
	3,393
	3,245
	
	



	Gender, Male, N (%)
	1,382 (41.24)
	1,677 (48.88)
	1,779 (56.05)
	1,937 (61.69)
	χ2 = 322.88
	<0.001



	Age, years, Mean (SE)
	44.07 (0.46)
	45.71 (0.36)
	47.06 (0.31)
	46.92 (0.33)
	F = 34.44
	<0.001



	Race, N (%)
	
	
	
	
	χ2 = 391.97
	<0.001



	 Mexican American
	520 (7.80)
	748 (9.90)
	809 (10.09)
	844 (10.61)
	
	



	 Other Hispanic
	313 (6.21)
	339 (6.52)
	361 (7.23)
	312 (6.01)
	
	



	 Non-Hispanic White
	1,212 (61.49)
	1,324 (65.94)
	1,400 (68.22)
	1,523 (72.49)
	
	



	 Non-Hispanic Black
	1,290 (20.08)
	843 (12.74)
	573 (8.73)
	349 (5.77)
	
	



	 Other race—including multi-racial
	207 (4.41)
	240 (4.91)
	250 (5.73)
	217 (5.12)
	
	



	Education, N (%)
	
	
	
	
	χ2 = 159.99
	<0.001



	 Less than 9th grade
	282 (4.59)
	406 (6.17)
	475 (7.12)
	515 (7.37)
	
	



	 9–11th grade
	449 (9.22)
	533 (11.21)
	533 (13.06)
	553 (13.79)
	
	



	 High School or Equivalent
	762 (22.76)
	812 (24.38)
	815 (26.55)
	777 (26.85)
	
	



	 Some College or AA degree
	1,155 (32.66)
	1,032 (32.54)
	926 (29.22)
	900 (31.54)
	
	



	 College Graduate or above
	893 (30.76)
	709 (25.70)
	642 (24.04)
	497 (20.45)
	
	



	Marital status, N (%)
	
	
	
	
	χ2 = 76.39
	<0.001



	 Married
	1,751 (56.23)
	1,922 (59.23)
	1,963 (62.66)
	1,886 (62.41)
	
	



	 Widowed
	155 (3.24)
	164 (3.19)
	188 (4.13)
	169 (3.99)
	
	



	 Divorced
	405 (10.95)
	396 (11.22)
	343 (9.26)
	370 (10.76)
	
	



	 Separated
	139 (2.70)
	142 (2.88)
	119 (2.79)
	103 (2.18)
	
	



	 Never married
	737 (18.76)
	558 (15.57)
	472 (14.05)
	420 (13.15)
	
	



	 Living with partner
	328 (8.13)
	284 (7.92)
	261 (7.11)
	257 (7.51)
	
	



	Smoking status, yes, N (%)
	1,328 (39.52)
	1,535 (45.94)
	1,625 (50.41)
	1,744 (53.92)
	χ2 = 158.46
	<0.001



	Alcohol status, yes, N (%)
	2,034 (77.14)
	2,097 (75.82)
	2,039 (74.95)
	2,017 (74.60)
	χ2 = 5.86
	0.319



	PIR, Mean (SE)
	3.17 (0.05)
	3.05 (0.04)
	2.97 (0.05)
	2.94 (0.05)
	F = 21.01
	<0.001



	BMI, kg/m2, Mean (SE)
	29.77 (0.11)
	31.01 (0.12)
	32.41 (0.14)
	33.51 (0.18)
	F = 337.56
	<0.001



	Waist circumference, cm, Mean (SE)
	98.68 (0.26)
	103.21 (0.31)
	107.74 (0.35)
	111.34 (0.42)
	F = 631.97
	<0.001



	WHtR, Mean (SE)
	0.59 (0.00)
	0.61 (0.00)
	0.64 (0.00)
	0.65 (0.00)
	F = 493.16
	<0.001



	TG/HDL-c, Mean (SE)
	0.48 (0.00)
	0.88 (0.00)
	1.40 (0.01)
	2.76 (0.02)
	F = 9,193.96
	<0.001



	CMI, Mean (SE)
	0.28 (0.00)
	0.53 (0.00)
	0.88 (0.00)
	1.78 (0.01)
	F = 9,704.00
	<0.001



	Lymphocytes, 1,000 cells/ul, Mean (SE)
	1.88 (0.01)
	2.02 (0.02)
	2.08 (0.01)
	2.17 (0.02)
	F = 234.06
	<0.001



	Neutrophils, 1,000 cell/ul, Mean (SE)
	3.67 (0.04)
	3.99 (0.03)
	4.22 (0.03)
	4.47 (0.04)
	F = 298.78
	<0.001



	Monocytes, 1,000 cells/ul, Mean (SE)
	0.51 (0.00)
	0.54 (0.00)
	0.56 (0.00)
	0.58 (0.01)
	F = 124.09
	<0.001



	Platelets, 1,000 cells/ul, Mean (SE)
	248.92 (1.58)
	256.30 (1.66)
	258.97 (1.69)
	259.78 (1.52)
	F = 27.99
	<0.001



	SII, Mean (SE)
	526.90 (8.18)
	544.63 (6.10)
	565.61 (7.83)
	575.57 (6.97)
	F = 9.38
	<0.001



	AISI, Mean (SE)
	280.67 (6.05)
	300.42 (4.63)
	320.32 (5.36)
	339.77 (6.03)
	F = 19.30
	<0.001



	SIRI, Mean (SE)
	1.11 (0.02)
	1.16 (0.02)
	1.23 (0.02)
	1.29 (0.02)
	F = 16.60
	<0.001



	DM, yes, N (%)
	419 (7.47)
	633 (12.55)
	815 (17.95)
	995 (23.87)
	χ2 = 385.55
	<0.001



	Hypertension, yes, N (%)
	1,303 (30.95)
	1,475 (36.87)
	1,638 (44.98)
	1,617 (47.98)
	χ2 = 255.35
	<0.001



	Hyperlipidemia, yes, N (%)
	1,856 (52.08)
	2,539 (73.94)
	3,073 (90.27)
	3,239 (99.75)
	χ2 = 2,696.46
	<0.001



	All-cause mortality, yes, N (%)
	209 (4.89)
	315 (7.98)
	389 (10.43)
	427 (13.26)
	χ2 = 156.57
	<0.001



	Premature mortality, yes, N (%)
	135 (3.21)
	191 (4.82)
	230 (6.56)
	283 (9.70)
	χ2 = 138.81
	<0.001



	Cancer mortality, yes, N (%)
	50 (1.26)
	92 (2.24)
	102 (2.68)
	120 (3.91)
	χ2 = 50.67
	<0.001



	DM mortality, yes, N (%)
	7 (0.18)
	10 (0.21)
	19 (0.31)
	34 (0.68)
	χ2 = 15.88
	0.006



	Cardiovascular mortality, yes, N (%)
	52 (1.21)
	78 (2.03)
	104 (2.71)
	108 (3.39)
	χ2 = 39.36
	<0.001



	Follow-up time, months, Mean (SE)
	123.84 (2.08)
	130.77 (1.93)
	139.57 (2.17)
	141.74 (2.18)
	F = 61.59
	<0.001




	Mean (SE) for continuous variables. N (%) for categorical variables. The quintile cut-off values of the CMI are 0.68, 0.54, 0.80 and 1.13. Q, quartile; N, number SE, standard error; CMI, cardiometabolic index; PIR, family poverty-to-income ratio; BMI, body mass index; WHtR, waist to height ratio; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; SII, systemic immune-inflammation index; AISI, aggregate index of systemic inflammation; SIRI, systemic inflammation response index; DM, diabetes mellitus.


	aUnweighted number of observations in dataset.









Associations of CMI with all-cause and cause-specific mortality

The median follow-up duration was 132.00 months (IQR: 70.00–205.00 months). First, we performed the Kaplan–Meier survival analysis with unadjusted model, which showed that individuals in the Quartile 4 had the least follow-up time with statistical significance (all P-values <0.05, Figure 2). Then, we constructed Cox regression analysis with univariate and multivariate models for analyzing the independent role of CMI in all-cause and cause-specific mortality. The HRs and 95% CIs for crude and adjusted models are shown in Table 2. In the crude Model (Model 1, Table 2), continuous CMI showed significant associations with all-cause (HR = 2.09, 95% CI: 1.35–3.24, P = 0.001), premature (HR = 1.53, 95% CI: 1.36–1.73, P < 0.001), cancer (HR= 1.44, 95% CI: 1.19–1.73, P < 0.001), DM (HR = 2.09, 95% CI: 1.51–2.90, P < 0.001), and cardiovascular mortality (HR = 2.09, 95% CI: 1.51–2.90, P < 0.001). In the fully adjusted model (Model 3, Table 2), significant associations sustained positive and significant in all-cause mortality (HR = 1.14, 95% CI: 1.01–1.28, P = 0.041), premature mortality (HR = 1.24, 95% CI: 1.08–1.42, P = 0.003), and cancer mortality (HR = 1.33, 95% CI: 1.08–1.63, P = 0.006). We also converted CMI into quartiles, and categorical CMI displayed significant correlations with all-cause (P for trend <0.001), premature (P for trend <0.001), cancer (P for trend <0.001), DM (P for trend = 0.021) and cardiovascular mortality (P for trend <0.001) in the crude Model (Model 1, Table 2). After completely adjustment (Model 3, Table 2), categorical CMI still existed significant correlations with all-cause (P for trend = 0.003), premature (P for trend = 0.006), and cancer (P for trend = 0.006). Additionally, we also assessed the correlations of BMI with mortality (Supplementary Table 2).


[image: Five Kaplan-Meier survival curves labeled A to E, each showing survival probability over time in years for four groups (1, 2, 3, 4) with distinct colors. Panels A, B, C, and E have log rank P < 0.001 indicating significant differences, while D has log rank P = 0.011.]
FIGURE 2
Kaplan–meier survival analysis curves for (A) all-cause, (B) premature, and (C) cancer, (D) DM, and (E) cardiovascular mortality.




TABLE 2 The associations of CMI with all-cause mortality and cause-specific mortality.



	Characteristic
	Model 1
	Model 2
	Model 3



	HR (95%CI), P value
	HR (95%CI), P value
	HR (95%CI), P value





	All-cause mortality



	CMI per unit increase
	2.09 (1.35, 3.24), 0.001
	1.20 (1.06, 1.35), 0.003
	1.14 (1.01, 1.28), 0.041



	CMI quartile



	Q 1
	Ref.
	Ref.
	Ref.



	Q 2
	1.53 (1.21, 1.92), <0.001
	1.28 (1.01, 1.63), 0.046
	1.24 (0.97, 1.58), 0.088



	Q 3
	1.81 (1.43, 2.30), <0.001
	1.29 (1.03, 1.62), 0.025
	1.15 (1.01, 1.55), 0.046



	Q 4
	2.27 (1.78, 2.90), <0.001
	1.64 (1.26, 2.13), <0.001
	1.56 (1.19, 2.04), 0.001



	P for trend
	<0.001
	<0.001
	0.003



	Premature mortality



	CMI per unit increase
	1.53 (1.36, 1.73), <0.001
	1.34 (1.16, 1.53), <0.001
	1.24 (1.08, 1.42), 0.003



	CMI quartile



	Q 1
	Ref.
	Ref.
	Ref.



	Q 2
	1.44 (1.06, 1.97), 0.021
	1.36 (0.97, 1.89), 0.074
	1.36 (0.99, 1.87), 0.059



	Q 3
	1.84 (1.38, 2.45), <0.001
	1.37 (1.00, 1.89), 0.052
	1.32 (0.95, 1.83), 0.100



	Q 4
	2.65 (2.07, 3.40), <0.001
	2.01 (1.47, 2.75), <0.001
	1.86 (1.28, 2.69), 0.001



	P for trend
	<0.001
	<0.001
	0.006



	Cancer mortality



	CMI per unit increase
	1.44 (1.19, 1.73), <0.001
	1.30 (1.06, 1.60), 0.012
	1.33 (1.08, 1.63), 0.006



	CMI quartile



	Q 1
	Ref.
	Ref
	Ref.



	Q 2
	1.67 (0.99, 2.84), 0.056
	1.47 (0.82, 2.62), 0.193
	1.55 (0.82, 2.93), 0.180



	Q 3
	1.83 (1.16, 2.88), 0.009
	1.44 (0.88, 2.34), 0.143
	1.55 (0.89, 2.71), 0.124



	Q 4
	2.63 (1.57, 4.41), <0.001
	2.18 (1.23, 3.87), 0.008
	2.44 (1.29, 4.59), 0.006



	P for trend
	<0.001
	0.013
	0.007



	DM mortality



	CMI per unit increase
	2.09 (1.51, 2.90), <0.001
	2.00 (1.27, 3.15), 0.003
	1.42 (0.89, 2.29), 0.143



	CMI quartile



	Q 1
	Ref.
	Ref.
	Ref.



	Q 2
	1.11 (0.28, 4.48), 0.882
	1.55 (0.28, 8.65), 0.620
	1.07 (0.17, 6.90), 0.994



	Q 3
	1.43 (0.42, 4.86), 0.562
	1.80 (0.38, 8.57), 0.462
	1.01 (0.16, 6.23), 0.992



	Q 4
	3.13 (0.95, 10.36), 0.061
	3.47 (0.70, 17.21), 0.128
	1.48 (0.21, 10.33), 0.695



	P for trend
	0.021
	0.056
	0.570



	Cardiovascular mortality



	CMI per unit increase
	2.09 (1.51, 2.90), <0.001
	1.24 (0.99, 1.56), 0.058
	1.16 (0.94, 1.43), 0.158



	CMI quartile



	Q 1
	Ref.
	Ref.
	Ref.



	Q 2
	1.57 (0.97, 2.54), 0.069
	1.33 (0.80, 2.22), 0.275
	1.22 (0.71, 2.07), 0.472



	Q 3
	1.89 (1.22, 2.91), 0.004
	1.27 (0.81, 2.01), 0.296
	1.18 (0.75, 1.86), 0.469



	Q 4
	2.32 (1.51, 3.58), <0.001
	1.63 (0.98, 2.69), 0.059
	1.46 (0.86, 2.48), 0.161



	P for trend
	<0.001
	0.094
	0.161




	The quintile cut-off values of the CMI are 0.68, 0.54, 0.80 and 1.13. Model 1: No covariates were adjusted. Model 2: age, gender, race, marital status, education level, PIR, smoking status, and drinking status. Model 3: age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension, and hyperlipidemia were adjusted. Q, quartile; HR, hazard ratio; 95% CI, 95% confidence interval; CMI, cardiometabolic index; PIR, family poverty-to-income ratio; DM, diabetes mellitus.









Non-linear relationships

We further explored the associations between CMI and all-cause, premature, and cancer mortality by employing RCS analysis. As demonstrated in Figure 3, there was an inverted L-shaped non-linear correlation between CMI and all-cause (P for overall <0.001; P for non-linearity = 0.010), premature (P for overall <0.001; P for non-linearity = 0.030), and cancer mortality (P for overall <0.001; P for non-linearity = 0.013).


[image: Three graphs labeled A, B, and C display hazard ratios (HR) with 95% confidence intervals (CI) plotted against a CMI scale. Each graph has a red line indicating the HR trend and a shaded area representing the CI. Vertical and horizontal dashed lines are present for reference, marking significant points. The graphs include P-values for overall significance and non-linearity. The HR values fluctuate with varying degrees of steepness and spread, suggesting different risk patterns across the CMI range.]
FIGURE 3
RCS regression analysis for CMI with (A) all-cause, (B) premature, and (C) cancer mortality. Adjust for age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension and hyperlipidemia. Adjust for age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension and hyperlipidemia. RCS, restricted cubic spline; CMI, cardiometabolic index; PIR, family poverty-to-income ratio; DM, diabetes mellitus.




Subgroup and sensitivity analyses

To ensure the robustness of our findings, we reexamined the associations of CMI with all-cause, premature, and cancer mortality using imputed data. The analysis confirmed that the findings were consistent with those from the main analyses, as detailed in Supplementary Figure 1. Then, we used age, gender, BMI, race, education level, marital status, smoking status, drinking status, DM, hypertension, and hyperlipidemia history as stratification variables and performed stratified analyses to evaluate the associations of CMI with all-cause, premature, and cancer mortality in stratified populations. Supplementary Table 1 demonstrated that the associations of CMI with all-cause, premature, and cancer mortality generally remained stable. Positive correlations (P for interaction <0.05) were observed in strata defined by age, race, marital status, smoking status, and hyperlipidemia. However, positive correlations of CMI with all-cause, premature, or cancer mortality consistently persisted across these groups (Supplementary Table 3).



Associations of inflammatory indicators with CMI and mortality

Table 3 demonstrated the correlations of CMI with inflammatory indicators by univariate and multivariate linear regression. After adjusting all covariates (Model 3: age, gender, race, marital status, education level, PIR, smoking status, and drinking status, DM, hypertension and hyperlipidemia), CMI still was positively associated with lymphocytes (β = 0.15, 95% CI = 0.12–0.18, P < 0.001), neutrophils (β = 0.32, 95% CI = 0.24–0.39, P < 0.001), monocytes (β = 0.02, 95% CI = 0.01–0.03, P < 0.001), platelets (β = 7.40, 95% CI = 4.40–10.41, P < 0.001), SII (β = 14.59, 95% CI = 0.98–28.20, P = 0.038), AISI (β = 17.87, 95% CI = 5.45–30.30, P = 0.006), and SIRI (β = 0.04, 95% CI = 0.01–0.09, P = 0.045). Cox regression models of inflammatory indicators with all-cause, premature, and cancer mortality are shown in Table 4. Most indicators were significantly positively related to mortality, except lymphocytes with all-cause and premature mortality, platelets with all-cause, premature, and cancer mortality, monocytes with cancer mortality, and SIRI with cancer mortality.



TABLE 3 The associations between CMI and inflammation-related indicators.



	Characteristic
	Model 1
	Model 2
	Model 3



	β (95%CI)
	P
	β (95%CI)
	P
	β (95%CI)
	P





	Lymphocytes
	0.16 (0.13, 0.18)
	<0.001
	0.18 (0.15. 0.21)
	<0.001
	0.15 (0.12, 0.18)
	<0.001



	Neutrophils
	0.42 (0.37, 0.47)
	<0.001
	0.38 (0.31, 0.45)
	<0.001
	0.32 (0.24, 0.39)
	<0.001



	Monocytes
	0.03 (0.02, 0.04)
	<0.001
	0.02 (0.01, 0.03)
	<0.001
	0.02 (0.01, 0.03)
	<0.001



	Platelets
	4.19 (1.97, 6.42)
	<0.001
	9.34 (6.62, 12.07)
	<0.001
	7.40 (4.40, 10.41)
	<0.001



	SII
	23.20 (13.33, 33.07)
	<0.001
	20.57 (7.90, 33.25)
	0.002
	14.59 (0.98, 28.20)
	0.038



	AISI
	28.45 (19.84, 37.06)
	<0.001
	23.06 (12.01, 34.11)
	<0.001
	17.87 (5.45, 30.30)
	0.006



	SIRI
	0.09 (0.06, 0.12)
	<0.001
	0.05 (0.01, 0.09)
	0.014
	0.04 (0.01, 0.09)
	0.045




	Model 1: no covariates were adjusted. Model 2: age, gender, race, marital status, education level, PIR, smoking status, and drinking status. Model 3: age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension, and hyperlipidemia were adjusted. HR, hazard ratio; 95% CI, 95% confidence interval; CMI, cardiometabolic index; SII, systemic immune-inflammation index; AISI, aggregate index of systemic inflammation; SIRI, systemic inflammation response index; PIR, family poverty-to-income ratio; DM, diabetes mellitus.









TABLE 4 The associations of inflammation-related indicators with mortality.



	Characteristic
	Model 1
	Model 2
	Model 3



	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P





	All-cause mortality



	Lymphocytes
	0.94 (0.80, 1.10)
	0.453
	1.02 (0.96, 1.09)
	0.488
	1.02 (0.94, 1.10)
	0.624



	Neutrophils
	1.10 (1.07, 1.12)
	<0.001
	1.09 (1.07, 1.12)
	<0.001
	1.08 (1.06, 1.11)
	<0.001



	Monocytes
	2.67 (1.89, 3.79)
	<0.001
	2.05 (1.47, 2.87)
	<0.001
	1.92 (1.40, 2.65)
	<0.001



	Platelets
	0.99 (0.99, 0.99)
	<0.001
	1.00 (1.00, 1.00)
	0.689
	1.00 (1.00, 1.00)
	0.898



	SII
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001



	AISI
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001



	SIRI
	1.30 (1.23, 1.37)
	<0.001
	1.27 (1.21, 1.34)
	<0.001
	1.24 (1.18, 1.31)
	<0.001



	Premature mortality



	Lymphocytes
	0.95 (0.78, 1.16)
	0.612
	0.97 (0.85, 1.12)
	0.716
	0.94 (0.80, 1.09)
	0.411



	Neutrophils
	1.10 (1.08, 1.13)
	<0.001
	1.09 (1.07, 1.12)
	<0.001
	1.08 (1.04, 1.11)
	<0.001



	Monocytes
	2.72 (1.86, 3.98)
	<0.001
	1.90 (1.29, 2.78)
	0.001
	1.70 (1.16, 2.49)
	0.006



	Platelets
	0.99 (0.99, 0.99)
	0.025
	1.00 (1.00, 1.00)
	0.494
	1.00 (1.00, 1.00)
	0.619



	SII
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001



	AISI
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	<0.001



	SIRI
	1.32 (1.25, 1.39)
	<0.001
	1.29 (1.22, 1.36)
	<0.001
	1.24 (1.17, 1.32)
	<0.001



	Cancer mortality



	Lymphocytes
	1.11 (1.01, 1.23)
	0.046
	1.12 (1.05, 1.20)
	<0.001
	1.12 (1.05, 1.20)
	<0.001



	Neutrophils
	1.09 (1.05, 1.13)
	<0.001
	1.07 (1.01, 1.15)
	0.037
	1.08 (1.01, 1.15)
	0.035



	Monocytes
	2.36 (1.50, 3.71)
	<0.001
	1.56 (0.82, 2.99)
	0.177
	1.53 (0.80, 2.95)
	0.202



	Platelets
	0.99 (0.99, 0.99)
	0.040
	1.00 (1.00, 1.00)
	0.552
	1.00 (1.00, 1.00)
	0.694



	SII
	1.01 (1.01, 1.01)
	<0.001
	1.00 (1.00, 1.00)
	0.138
	1.00 (1.00, 1.00)
	0.050



	AISI
	1.01 (1.01, 1.01)
	<0.001
	1.01 (1.01, 1.01)
	0.002
	1.01 (1.01, 1.01)
	0.001



	SIRI
	1.23 (1.14, 1.33)
	<0.001
	1.12 (0.96, 1.30)
	0.152
	1.11 (0.95, 1.31)
	0.193




	Model 1: no covariates were adjusted. Model 2: age, gender, race, marital status, education level, PIR, smoking status, and drinking status. Model 3: age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension, and hyperlipidemia were adjusted. HR, hazard ratio; 95% CI, 95% confidence interval; SII, systemic immune-inflammation index; AISI, aggregate index of systemic inflammation; SIRI, systemic inflammation response index; PIR, family poverty-to-income ratio; DM, diabetes mellitus.









Mediating role of inflammatory indicators

Mediation analysis revealed that neutrophils mediated 16.27% of the correlation between CMI and all-cause mortality, and 11.01% of the association between CMI and premature mortality (Figure 4). Additionally, we also assessed the mediating roles of other inflammatory indicators including lymphocytes, neutrophils, monocytes, platelets, SII, AISI, and SIRI (Supplementary Table 4).


[image: Two diagrams labeled A and B depict mediation analysis. In A, CMI affects all-cause mortality directly and indirectly via neutrophils. Direct effect: 103.60, indirect: 18.74, total: 122.34, mediation proportion: 16.27. In B, CMI affects premature mortality similarly. Direct effect: 147.12, indirect: 18.68, total: 165.80, mediation proportion: 11.01. All values show statistical significance with p-values less than 0.001.]
FIGURE 4
Analysis of the mediation by neutrophils of the associations of CMI with (A) all-cause, and (B) premature mortality. Adjust for age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension and hyperlipidemia. RCS, restricted cubic spline; CMI, cardiometabolic index; PIR, family poverty-to-income ratio; DM, diabetes mellitus.





Discussion

The present study is the first to explore the associations of the CMI with all-cause, premature, and cancer mortality among overweight and obese adults in the U.S., using a substantial prospective cohort. The findings revealed clear positive associations between CMI and increased mortality related to all causes, premature, and cancer within the cohort. These associations remained significant even in the fully adjusted model. Subgroup and sensitivity analyses demonstrated that the associations generally remained stable. We further explored the potential mediating effect of inflammation-related indicators within these associations and found that the associations appeared to be partially mediated by inflammatory pathways. Therefore, monitoring CMI values in the overweight and obese adults offers a straightforward and accessible strategy for long-term health management.

The CMI, a relatively new anthropometric indicator, was first introduced in 2015 as a predictor of DM risk (8). Subsequent studies further investigated the relationship between CMI and DM in populations from different countries, and demonstrating an independent correlation between CMI and DM among Chinese, Japanese and US adults (9–11). Moreover, extensive investigations have demonstrated the significant positive association between CMI and adverse health outcomes, such as hypertension, CVD, and MetS (12–15, 23, 24). These findings underscore the close correlation of CMI with various systemic diseases, particularly those linked to adverse health outcomes of obesity. Nonetheless, there remains a lack of previous studies focusing on the associations of CMI with all-cause and cause-specific mortality among overweight and obese adults.

It is widely recognized that both abdominal obesity and lipid metabolism disorders are pivotal factors not only for DM, CVD, MetS, osteoporosis, and infertility, but also significant risk factors for all-cause, DM, CVD, and cancer mortality (25–28). Consequently, the CMI, which integrates parameters of abdominal obesity and blood lipid parameters, is considered an appropriate indicator for assessing metabolically unhealthy obesity and predicting mortality. Zakerkish et al. confirmed that metabolically unhealthy individuals, regardless of obesity status, exhibited significantly higher CMI values and an increased risk of cardiovascular disease (29). Similarly, Sun et al. established that elevated CMI values are associated with an increased risk of biological aging (30). With its growing clinical application, several studies have highlighted the prognostic value of CMI for all-cause, CVD, and cancer-related mortality among elderly and general populations (16–18). Xu et al. found a positive relationship between CMI and all-cause mortality (fully adjusted model: HR = 1.11, 95% CI: 1.01–1.21) among U.S. participants aged 65 years and older (16). Wang et al. reported no correlation between CMI and all-cause, DM, CVD, and cancer mortality in fully adjusted models, but a stronger positive association was observed between CMI and all-cause mortality (fully adjusted model: HR = 1.01, 95% CI: 1.01–1.11) among individuals aged <60 years (17). Liu et al. demonstrated a positive relationship between CMI and cancer mortality (fully adjusted model: HR = 1.05, 95% CI: 1.01–1.10), while also noting a negative correlation with all-cause mortality (fully adjusted model: baseline CMI <0.98, HR = 0.59, 95% CI: 0.43–0.82) within the general population (18).

Furthermore, the inverse L-shaped association was found between CMI, and risk of all-cause and cancer mortality. The possible mechanism may explain as “obesity paradox”. The obesity paradox, first described over 20 years ago in cardio-metabolic disease, is a medical hypothesis that suggests being overweight may provide a survival advantage in various illnesses (31). Recent studies have shown that cancer patients with low-normal BMI (or those with weight loss) have worse outcomes than obese patients (32). These results suggest that obesity has a protective effect and has been termed the “obesity paradox”. As demonstrated in Supplementary Table 1, the CMI values showed a clear increase with higher obesity class. However, the highest mortality rates were observed in the class II obesity group (35.0–39.9 kg/m2). There was no significant difference in all-cause and cancer mortality between the various classes of obesity. Nevertheless, our study found that CMI remained a positive correlation with mortality.

Although CMI is strongly associated with all-cause, premature, and cancer mortality, as shown by our study, the underlying biological mechanisms driving these associations remain unclear. Chronic low-grade systemic inflammation plays an important role in the onset and progression of obesity (3). Earlier research demonstrated that excessive body fat accumulation could induce an imbalanced production of various adipokines and promote the infiltration of macrophages and other immune cells in AT (4, 5). Elevated inflammatory markers are independently associated with increased tissue damage and mortality risks in obese adults, irrespective of other established risk factors (6, 7). Numerous studies have shown that components of the CBC and CBC-derived inflammatory indicators, tend to be elevated in individuals with obesity (33–36). These CBC and CBC-derived inflammatory indicators are also associated with increased mortality (37, 38). In this study, we found that CMI was positively associated with lymphocytes, neutrophils, monocytes, platelets, and inflammatory indexes (SII, AISI, and SIRI). Most inflammatory indicators were positively related to mortality. Consequently, the mediating roles of these inflammatory indicators were assessed, revealing that neutrophils mediated 16.27% of the correlation between CMI and all-cause mortality, and 11.01% of the association between CMI and premature mortality. The accumulation of fat in AT induces stress and dysfunction in adipocytes, triggering an inflammatory response. This is followed by the infiltration of AT by cells from the innate immune system (39, 40). Recent evidence indicates that neutrophils are the initial immune cells to infiltrate adipose tissue (39, 40). Once activated, these neutrophils release inflammatory factors that recruit macrophages and other immune cells (39, 40). In turn, these cells sustain the inflammatory state by producing cytokines and chemokines, which can spread to other parts of the body, leading to a systemic inflammatory condition (39–41). With persistent systemic inflammation, neutrophils are consistently recruited to the inflammation site, potentially exacerbating tissue damage in non-communicable autoinflammatory conditions (42). Recent studies have elucidated the mechanisms through which neutrophils undergo various forms of regulated cell death (42). Moreover, neutrophils are intrinsically linked to various health concerns, including CVD, cancer, and infections, by either protecting against, initiating, or exacerbating their effects on the host (43). Our findings confirm the significant mediating role of inflammation, particularly through neutrophils, providing validated evidence of their involvement in this association. These findings suggest that monitoring CMI values in adults with overweight or obesity provides a straightforward and practical method for effective long-term health management.

The present study boasts several strengths. A primary advantage is the use of data from NHANES and NCHS, part of a large-scale prospective cohort study, enhancing the representativeness of the findings. Furthermore, this study identified a positive association between the CMI and mortality related to all-cause, premature, and cancer among the overweight and obese adults. These findings suggest that CMI could serve as a valuable tool for early risk stratification and the formulation of intervention strategies within these populations. However, the present study still had several limitations. Firstly, it was conducted among U.S. adults with a relatively limited sample size, which may restrict the generalizability of the results to overweight and obese populations in different populations. Secondly, due to inherent study design constraints, it may not be possible to completely rule out all confounding factors. Thirdly, information on smoking and drinking behaviors, as well as histories of DM, hypertension, and hyperlipidemia, was collected through self-report questionnaires, making recall bias unavoidable.



Conclusion

In the present study, we presented evidence supporting the positive associations of the CMI with increased mortality from all-cause, premature, and cancer among the overweight and obese U.S. adults. The associations appeared to be partially mediated by inflammatory pathways, suggesting a mechanism linking CMI to adverse health outcomes. Given that CMI is a relatively easy and effective metabolism-related indicator to measure, these findings may offer valuable insights for early risk stratification and the formulation of intervention strategies within overweight and obese populations.
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SUPPLEMENTARY FIGURE 1

RCS regression analysis for CMI with (A) all-cause, (B) premature, and (C) cancer mortality after imputation. (A1, B1, C1) Imputation 1; (A2, B2, C2) Imputation 2; (A3, B3, C3) Imputation 3; (A4, B4, C4) Imputation 4; (A5, B5, C5) Imputation 5. Adjust for age, gender, race, marital status, education level, PIR, smoking status, drinking status, DM, hypertension and hyperlipidemia. RCS, restricted cubic spline; CMI, cardiometabolic index; PIR: family poverty-to-income ratio; DM, diabetes mellitus.
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