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Abstract

Background: Metabolic dysfunction and insulin resistance contribute to colorectal
tumorigenesis, yet simple markers for early risk assessment remain limited. The
triglyceride—glucose (TyG) index and its derivative indices capture key metabolic
disturbances, but their associations with colorectal tumor risk across populations remain
unclear.

Methods: Participants from CHARLS (n=9,293) and NHANES (n=2,839) were included.
TyG-related indices were calculated from standard formulas. Associations with colorectal
tumor risk were estimated using logistic regression. Subgroup effects and predictive
performance were assessed using ROC analyses.

Results: All TyG-related indices were significantly higher in tumor cases than non-tumor
participants in both cohorts. In CHARLS, fully adjusted models showed strong
associations for TyG (OR = 3.98, 95% CI: 2.66-5.94), TyG-CI (OR = 2.00, 95% CI:
1.60-2.50), TyG-HGB (OR = 1.28, 95% CI: 1.20-1.36), and TyG-WWI (OR = 1.08,
95% CI: 1.06—1.11). Similar but weaker effects were observed in NHANES. RCS models
demonstrated significant nonlinear relationships in both cohorts (all P for overall <
0.001), with clear metabolic thresholds (e.g., TyG: 10.88 in CHARLS; 9.93 in
NHANES). Above these breakpoints, risk increased sharply. ROC analyses showed
moderate discrimination in CHARLS (AUCs 0.767-0.786) and lower performance in
NHANES (AUCs 0.570-0.587). Subgroup findings were broadly consistent across age,
sex, lifestyle, and metabolic strata.

Conclusions: TyG and its derivative indices are consistently and nonlinearly linked to
colorectal tumor risk across populations. Their metabolic thresholds suggest usefulness
for early detection and risk stratification, supporting these indices as simple, low-cost
markers for colorectal tumor risk.

Keywords: TyG; colorectal tumor; CHARLS; NHANES
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Introduction

Colorectal tumor represents one of the most common gastrointestinal neoplasms
worldwide and remains a leading contributor to cancer-related morbidity and
mortality[1,2]. Despite advances in screening and treatment, a substantial proportion of
individuals are diagnosed at a later stage, highlighting ongoing gaps in early
identification and prevention strategies[2,3]. Increasing evidence suggests that metabolic
abnormalities, including insulin resistance, lipid dysregulation, and chronic low-grade
inflammation, play important roles in the initiation and progression of colorectal
neoplasia[2,4-6]. However, easily obtainable metabolic markers that reliably capture
these underlying processes and are suitable for population-level risk assessment are still
limited.

The triglyceride-glucose (TyG) index has emerged as a simple, cost-effective
surrogate marker of insulin resistance and metabolic dysfunction[7,8]. Beyond the
traditional TyG index, several TyG-derived indices-such as TyG-CI, TyG-HGB, and
TyG-WWI-combine additional anthropometric or hematologic parameters, thereby
enhancing their ability to reflect adiposity distribution, inflammation, and
cardiometabolic risk[9]. These indices have demonstrated strong predictive ability for
metabolic disorders, cardiovascular diseases, nonalcoholic fatty liver disease, and certain
malignancies[10]. However, the associations between TyG-based metabolic markers and
colorectal tumor risk remain insufficiently understood, and it is unclear whether nonlinear
or threshold patterns exist across different populations.

Most previous studies have focused on linear associations or single-cohort
analyses, limiting the understanding of potential dose-response or threshold effects[11—
13]. Moreover, the generalizability of TyG-related indices across populations with
different ethnic backgrounds, lifestyles, and metabolic profiles has not been
systematically examined[14]. Whether elevated TyG or its derivative indices are
consistently linked to colorectal tumor risk in both Asian and Western populations-and
whether such associations exhibit nonlinear characteristics-remains largely
unknown[15,16]. Addressing these gaps requires robust cross-population evidence and

advanced statistical approaches.
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Therefore, the present study aimed to investigate the associations of TyG, TyG-
Cl, TyG-HGB, and TyG-WWI with colorectal tumor risk using two nationally
representative cohorts: the China Health and Retirement Longitudinal Study (CHARLS)
and the U.S. National Health and Nutrition Examination Survey (NHANES)[17]. We
evaluated both linear and nonlinear relationships using restricted cubic spline models,
explored potential threshold effects through segmented regression, examined predictive
ability via ROC analysis, and assessed effect modification across clinically relevant
subgroups. By integrating findings from two large cross-population datasets, this study
provides comprehensive epidemiological evidence on the metabolic signatures captured

by TyG-based indices and their relevance for colorectal tumor risk assessment.

Methods
Study design and populations

This study was based on two nationally representative cohorts: the CHARLS and
the U.S. NHANES. CHARLS is an ongoing longitudinal survey of middle-aged and older
adults in China, using multistage probability sampling across 28 provinces[18,19]. Data
from the 2011-2018 waves were combined to construct a cross-sectional analytic dataset.
NHANES is a continuous U.S. nationwide survey that integrates interviews, physical
examinations, and laboratory assessments; we included public data from the 1999-2018
cycles[20,21]. For both cohorts, participants were eligible if they had complete
information on colorectal tumor status and laboratory measurements required to compute
TyG and TyG-derived indices. Individuals were excluded for missing tumor outcomes,
incomplete triglyceride or glucose measurements, missing anthropometric or hematologic
indicators required for derivative indices, or missing covariates. After applying these
criteria, 9,293 CHARLS participants and 2,839 NHANES participants were included in
the final analyses.

Across the combined 1999 - 2018 NHANES cycles, the numbers of eligible
participants ranged from 12,160 to 16,211 per 2-year cycle, with interview response rates
of 61 - 84% and examination response rates of 59 - 80%. The reduction from the
originally sampled population to the final analytic sample of 2,839 participants reflects

the sequential application of the prespecified exclusion criteria for missing data on
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outcome, key exposures, and covariates, which is a common and well-accepted analytical
approach for secondary analyses of NHANES data.
Assessment of TyG and TyG-derived metabolic indices

The TyG index was calculated as In[fasting triglycerides (mg/dL)xfasting glucose
(mg/dL)/2], which has been widely validated as a surrogate marker of insulin resistance.
To capture multidimensional metabolic disturbances, three additional TyG-derived
indices were constructed following established formulas: TyG-WWI, which integrates
waist circumference and weight to better reflect adiposity distribution; TyG-HGB, which
incorporates hemoglobin to capture metabolic-inflammatory interactions; and TyG-Cl,
which combines TyG with cardiometabolic parameters to enhance sensitivity to
metabolic dysfunction[22]. All laboratory indicators were obtained under standardized
protocols in both cohorts, with NHANES measurements performed at CDC-certified
laboratories and CHARLS assays conducted at nationally accredited testing centers.
Outcome assessment

In CHARLS, colorectal tumor status was based on participants’ self-reported
physician diagnosis of cancer and corresponding system codes indicating colorectal
location. NHANES colorectal tumor status was determined using standardized medical
condition questionnaires administered by trained interviewers, supplemented by medical
condition files indicating self-reported cancer site. In both cohorts, colorectal tumor
status was dichotomized as “YES” (presence of colorectal tumor) or “NO” (no colorectal
tumor).
Covariates

Covariates were selected based on recognized risk factors for colorectal tumors,
metabolic diseases, and potential confounders of TyG-related indices. These included
demographic variables (age, sex, marital status, and education level), lifestyle behaviors
(smoking and alcohol consumption), and clinical factors such as body mass index (BMI),
hypertension, and diabetes status. Laboratory biomarkers-including fasting glucose, lipid
profiles, uric acid, liver enzymes, and creatinine-were included when available to
minimize residual confounding. All covariates were harmonized across datasets to ensure
comparability between CHARLS and NHANES.

Statistical analysis
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Continuous variables were expressed as medians with interquartile ranges and
compared using the Mann-Whitney U test, while categorical variables were described as
counts and percentages and compared using chi-square tests. Logistic regression models
were applied to estimate the adjusted odds ratios (ORs) and 95% confidence intervals for
the associations between each TyG-related index and colorectal tumor risk. Three models
were constructed: Model 1 (unadjusted), Model 2 (adjusted for age and sex), and Model 3
(fully adjusted for all demographic, lifestyle, and clinical covariates). To explore
potential nonlinear dose-response patterns, restricted cubic spline (RCS) models with
three knots were used. Threshold effects were examined using segmented logistic
regression, where inflection points were estimated iteratively, and likelihood ratio tests
were used to compare segmented versus linear models. Subgroup analyses were
conducted to evaluate effect modification across key clinical strata-age (<60/>60 years),
sex, BMI categories, hypertension, diabetes, smoking, and alcohol intake-by estimating
stratum-specific ORs and interaction P-values. Discriminatory performance of each TyG-
related index was evaluated using receiver operating characteristic (ROC) curves, from
which the area under the curve (AUC), optimal cutoff values (Youden index), sensitivity,
and specificity were extracted. Pairwise comparisons of AUCs were conducted using the
DeLong test. Sensitivity analyses were additionally performed by modifying covariate
structures and excluding extreme TyG values to ensure robustness. All analyses were
performed separately in CHARLS and NHANES to allow cross-population comparison.
Ethical considerations

Both  CHARLS and NHANES obtained approval from their respective
institutional review boards, and all participants provided written informed consent. The
present study was a secondary analysis of fully anonymized public datasets and therefore

required no additional ethical review.

Results
Characteristics of study participants

A total of 9,293 participants from the 2011-2018 CHARLS waves and 2,839
participants from the 1999-2018 NHANES cycles were included after applying the

prespecified exclusion criteria (Figure 1). In CHARLS, individuals were excluded for
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missing colorectal tumor status, incomplete metabolic indicators, or missing covariates,
resulting in 9,270 participants without colorectal tumor (99.75%) and 23 with colorectal
tumor (0.25%). In NHANES, exclusions were based on missing colorectal tumor status,
metabolic indicators, or covariates, yielding 2,646 participants without colorectal tumor
(93.20%) and 193 with colorectal tumor (6.80%). These flowcharts outline the derivation
of the analytic samples and ensure consistency in the population selection process across
cohorts.

Baseline characteristics of participants in the CHARLS cohort are presented in
Table 1. Individuals with colorectal tumors had significantly higher levels of fasting
glucose, triglycerides, SBP, DBP, and all TyG-related indices (TyG, TyG-WWI, TyG-
HGB, TyG-CI) than those without tumors (P < 0.05). By contrast, HDL-C, LDL-C,
BUN, and creatinine levels were lower among participants with colorectal tumors. No
significant differences were observed in age, BMI, cholesterol, uric acid, WBC count, or
platelet count. Among categorical variables, the prevalence of hypertension and diabetes
was higher in the tumor group, while age category, sex, marital status, smoking, and
drinking status showed no statistically significant differences. Baseline characteristics of
NHANES participants are summarized in Table 2. Compared with participants without
colorectal tumors, those with tumors exhibited significantly higher waist circumference,
systolic blood pressure, fasting glucose, triglycerides, uric acid, GGT, creatinine, and
TyG-related indices (P < 0.05). Most hematological and hepatic parameters (WBC,
platelet count, AST, ALT, LDH) were similar between groups. In categorical
comparisons, older age (=60 years), lower education, living alone, hypertension, and
diabetes were more common among participants with colorectal tumors, whereas sex,
alcohol use, and smoking status did not differ significantly.
Associations between TyG-related indices and colorectal tumor risk

Multivariable logistic regression analyses demonstrated consistent positive
associations between TyG-related metabolic indices and colorectal tumor risk in both the
CHARLS and NHANES cohorts (Table 3). In the CHARLS cohort, all TyG-derived
indices showed significant associations across crude and adjusted models. For TyG, the
association remained strong after full adjustment (Model 3: OR = 3.98, 95% CI: 2.66-
5.94). Similar patterns were observed for TyG-CI (OR = 2.00, 95% CI: 1.60-2.50) and
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TyG-HGB (OR = 1.28, 95% CI: 1.20-1.36), while TyG-WWTI also showed a modest but
statistically significant association (OR = 1.08, 95% CI: 1.06-1.11). These findings
indicate that higher levels of TyG and its derivative indices were robustly associated with
increased colorectal tumor risk in the Chinese population. Consistent associations were
observed in the NHANES cohort. Higher TyG levels were associated with elevated
colorectal tumor risk (Model 3: OR = 1.69, 95% CI: 1.34-2.12), and positive associations
were also identified for TyG-CI (OR = 1.24, 95% CI: 1.09-1.41), TyG-HGB (OR = 1.22,
95% CI: 1.16-1.29), and TyG-WWI (OR = 1.02, 95% CI: 1.01-1.04). Although effect
estimates in NHANES were comparatively smaller than those in CHARLS, the
associations remained consistent and statistically significant across all adjusted models.
Nonlinear dose-response relationships

Restricted cubic spline analyses revealed clear nonlinear dose-response
relationships between TyG-related indices and colorectal tumor risk across both the
CHARLS and NHANES cohorts (Figure 2A-H). In the CHARLS cohort, all four indices
(TyG, TyG-CI, TyG-HGB, TyG-WWI) showed significant overall and nonlinear
associations (all P for overall < 0.001; P for nonlinear < 0.05). Corresponding two-
piecewise logistic regression models further confirmed distinct inflection points (TyG:
10.88; TyG-CI: 14.63; TyG-HGB: 15.66; TyG-WWI: 93.54) (Supplementary Table
S1). Below these thresholds, the associations were weak or nonsignificant (e.g., TyG
<10.88: OR = 0.98, 95% CI: 0.48-2.03; TyG-CI <14.63: OR = 0.97, 95% CI: 0.69-1.37),
whereas above the thresholds, risk increased markedly (TyG-CI >14.63: OR = 1.40, 95%
CIL: 0.72-2.72; TyG-WWI >93.54: OR = 1.10, 95% CI: 1.07-1.13), with all likelihood
ratio tests supporting significant threshold effects (all P <0.001).

Similar nonlinear patterns were observed in the NHANES cohort, where overall
and nonlinear associations were statistically significant for all indices (all P for overall <
0.001; P for nonlinear < 0.05), and the spline curves showed sharp risk elevation at higher
index levels (Figure 2E-H). Consistently, two-piecewise models identified comparable
inflection points (TyG: 9.93; TyG-CI: 13.90; TyG-HGB: 12.78; TyG-WWI: 119.76)
(Supplementary Table S2). Below each threshold, associations were minimal or
nonsignificant (e.g., TyG <9.93: OR = 1.16, 95% CI: 0.88-1.54; TyG-CI <13.90: OR =
1.07, 95% CI: 0.93-1.23), while above the thresholds, risk increased sharply (TyG >9.93:
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OR = 202.54, 95% CI: 27.31-1502.19; TyG-CI >13.90: OR = 3.72, 95% CI: 2.03-6.81;
TyG-HGB >12.78: OR = 1.56, 95% CI: 1.31-1.85; TyG-WWI >119.76: OR = 1.17, 95%
CI: 1.08-1.27), with robust statistical evidence for threshold effects (all P for likelihood
tests < 0.01). Collectively, these findings indicate that colorectal tumor risk remains
stable at lower TyG-related index levels but rises sharply once cohort-specific metabolic
thresholds are surpassed.
Discriminatory ability of TyG-related indices

Receiver operating characteristic analyses showed that TyG-related indices
demonstrated moderate discriminatory performance for identifying colorectal tumors in
the CHARLS cohort (Figure 3A). The AUC values were 0.786 for TyG, 0.773 for TyG-
WWI, 0.767 for TyG-HGB, and 0.770 for TyG-CI, with sensitivities around 0.609 and
specificities ranging from 0.931 to 0.985. These results indicate that all four indices had
comparable and moderately accurate classification ability in the Chinese population. In
contrast, the discriminatory accuracy was lower in the NHANES cohort (Figure 3B). The
corresponding AUC values were 0.570 for TyG, 0.580 for TyG-WWI, 0.587 for TyG-
HGB, and 0.579 for TyG-CI, with sensitivities ranging from 0.197 to 0.415 and
specificities between 0.731 and 0.933. Although all AUCs were statistically higher than
0.5, the overall predictive performance in NHANES was noticeably weaker than in
CHARLS, suggesting cohort-specific differences in discrimination ability.
Subgroup analyses

Subgroup analyses in the CHARLS cohort demonstrated that the positive
associations between TyG-related indices and colorectal tumor risk were generally
consistent across major demographic and clinical strata (Figure 4A-D). For TyG, the
association remained significant in both younger (<60 years) and older participants (=60
years), with a stronger effect observed in the older group (OR = 2.50, 95% CI: 1.61-
3.88). Similar patterns were seen across marital status, gender, drinking behavior,
hypertension, and diabetes, with ORs ranging approximately from 2.22 to 5.64 in
different subgroups, although some interaction P-values suggested modest heterogeneity
(e.g., P for interaction = 0.024 for hypertension). For TyG-CI, subgroup-specific ORs
consistently indicated a positive association, particularly among participants drinking

alcohol (OR = 2.82, 95% CI: 1.90-4.16) and those with diabetes (OR = 2.60, 95% CI:
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1.74-3.89), with significant interactions for age and drinking (P for interaction = 0.001
and 0.012, respectively). TyG-HGB and TyG-WWI also showed stable associations
across most subgroups, albeit with relatively smaller effect sizes; higher risks were
observed among females, hypertensive individuals, and participants aged <60 years for
TyG-HGB, and among drinkers and diabetic participants for TyG-WWI. Overall,
although some subgroup interactions reached statistical significance, none reversed the
direction of effect, indicating that the relationship between TyG-related metabolic
alterations and colorectal tumor risk remained robust across diverse population
subgroups.

Subgroup analyses in the NHANES cohort showed that the associations between
TyG-related indices and colorectal tumor risk were largely consistent across demographic
and clinical subgroups (Figure SA-D). For TyG, elevated risk was observed in both age
groups (<60 and >60 years), with stronger effects in younger participants (OR = 2.36,
95% CI: 1.51-3.70) compared with older adults (OR = 1.64, 95% CI: 1.29-2.07). Similar
patterns were seen across marital status and gender, with ORs ranging from
approximately 1.63 to 1.97 in different strata. For TyG-CI, the association remained
significant in all subgroups, including drinkers (OR = 1.34, 95% CI: 1.17-1.53) and
individuals with diabetes (OR = 1.64, 95% CI: 1.34-2.01), while interaction tests
indicated modest heterogeneity for age (P = 0.066) and diabetes (P = 0.004). The TyG-
HGB index showed stable associations across age, sex, marital status, and lifestyle
factors, with effect sizes clustering between OR = 1.18 and 1.27 in most subgroups. For
TyG-WWI, consistent positive associations were also observed, with slightly stronger
effects among individuals with hypertension (OR = 1.03-1.05) and diabetes (OR = 1.05,
95% CI: 1.03-1.08). Although several interaction P-values suggested minor subgroup
differences, none of the associations reversed direction, and all four indices maintained

significant relationships with colorectal tumor risk across the NHANES population.

Discussion

In this large cross-population analysis incorporating nationally representative data
from CHARLS and NHANES, we found that TyG and three TyG-derived metabolic
indices (TyG-Cl, TyG-HGB, TyG-WWI) were consistently and positively associated
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with colorectal tumor risk. These associations persisted across diverse demographic and
clinical subgroups and exhibited clear nonlinear dose-response patterns with identifiable
metabolic thresholds. Collectively, our findings provide new evidence supporting the role
of TyG-related metabolic dysfunction in colorectal tumorigenesis and suggest their
potential utility as accessible markers for population-level metabolic risk stratification.

Our results complement and extend the growing literature linking metabolic
dysregulation to colorectal neoplasia. Insulin resistance, hyperinsulinemia, and chronic
low-grade inflammation have long been recognized as key biological mechanisms
promoting colorectal epithelial proliferation, angiogenesis, and tumor progression[23].
Prior studies have shown that higher TyG levels are associated with increased risks of
colorectal adenoma, colorectal cancer, and interval colorectal cancer. However, most
existing research has relied on small, single-center, or homogenous populations, and the
evidence for TyG-derived indices remains sparse[24—26]. By analyzing two large cohorts
from different ethnic and metabolic backgrounds, our study demonstrates that not only
the traditional TyG index but also the TyG-derived indices—TyG-CI, TyG-HGB, and
TyG-WWI—consistently reflect colorectal tumor risk. The stronger associations
observed in CHARLS relative to NHANES may reflect population differences in baseline
metabolic burden, lifestyle patterns, genetic susceptibility, or cancer detection pathways,
yet the overall direction of association remained robust.

A key contribution of this study is the identification of nonlinear and threshold
relationships between TyG-related markers and colorectal tumor risk[26,27]. Unlike
previous studies assuming linearity, our restricted cubic spline analyses revealed that risk
remained relatively stable at lower levels of each index but increased sharply beyond
population-specific inflection points. For example, risk sharply escalated when TyG
exceeded 10.88 in CHARLS and 9.93 in NHANES, corresponding to metabolically
adverse ranges known to reflect pronounced insulin resistance. These findings underscore
that the metabolic transition from relatively healthy to high-risk states may occur over
narrow ranges and that TyG-based indices may serve as early warning indicators before
overt metabolic disease develops. The consistent identification of thresholds across both

Asian and Western populations supports the biological plausibility of these inflection
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points and provides quantitative cutoffs that could inform future risk-based screening
strategies[28,29].

Subgroup analyses further strengthened the credibility of our findings. The
associations between TyG-related indices and colorectal tumor risk were largely
preserved across age, sex, marital status, drinking behavior, hypertension, and diabetes
strata. The stronger associations observed in participants with diabetes, hypertension, or
central obesity align with mechanistic studies showing synergistic interactions among
insulin  resistance, adipose dysfunction, and inflammation in colorectal
carcinogenesis[30]. Although certain subgroups demonstrated modest heterogeneity-such
as younger participants in NHANES showing stronger associations-none of the
interactions reversed the direction of effect. This suggests that TyG-related metabolic
stress is a broadly relevant tumor-promoting mechanism, independent of traditional risk
factors.

This study has several limitations. First, both CHARLS and NHANES ascertain
colorectal tumor status primarily through self-reported physician diagnoses, which may
lead to wunder-reporting or misclassification, although such bias is likely
nondifferential[31,32]. Second, the cross-sectional design precludes causal inference, and
reverse causality cannot be fully excluded-metabolic disturbances could both precede and
result from tumor presence. Third, although we adjusted for a comprehensive panel of
covariates, residual confounding from unmeasured factors such as dietary patterns,
physical activity, microbiome composition, or genetic predisposition may persist. Fourth,
the relatively small number of tumor cases in CHARLS limited statistical power for
certain subgroup analyses. Finally, TyG-derived indices incorporate different
anthropometric or hematologic variables across populations, which may introduce
measurement variability between CHARLS and NHANES.

In conclusion, this cross-population study demonstrates that TyG and TyG-based
metabolic indices are consistently associated with increased colorectal tumor risk, exhibit
nonlinear dose-response patterns with identifiable thresholds, and maintain predictive
value across diverse population subgroups. These findings highlight the relevance of
accessible metabolic indices for identifying individuals at elevated risk for colorectal

tumors and underscore the importance of metabolic health in colorectal cancer



387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

417
418

prevention. Future prospective studies are warranted to validate the observed thresholds,
elucidate underlying biological pathways, and evaluate the clinical utility of integrating

TyG-related markers into risk prediction and screening strategies.

Abbreviations
AUC: Area under the curve
BMI: Body mass index
BUN: Blood urea nitrogen
CDC: Centers for Disease Control and Prevention
CHARLS: China Health and Retirement Longitudinal Study
CI: Confidence interval
DBP: Diastolic blood pressure
GGT: Gamma-glutamyl transferase
HDL-C: High-density lipoprotein cholesterol
IR: Insulin resistance
LDH: Lactate dehydrogenase
LDL-C: Low-density lipoprotein cholesterol
NHANES: National Health and Nutrition Examination Survey
OR: Odds ratio
RCS: Restricted cubic spline
ROC: Receiver operating characteristic
SBP: Systolic blood pressure
TG: Triglycerides
TyG: Triglyceride-glucose index
TyG-CI: Triglyceride-glucose index-cardiometabolic index
TyG-HGB: Triglyceride-glucose index-hemoglobin index
TyG-WWI: Triglyceride-glucose index-weight-adjusted waist index
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Table 1. Baseline demographic and metabolic characteristics of CHARLS

participants with and without colorectal cancer.

. Total (n = _ _ Stati
Variables 9203) NO((n=9270) YES(m=23) -
61.00 (53.00, 61.00 (53.00, 61.00 (56,50, Z— 0.7
Age, M(QL, Q3) 68.00) 68.00) 65.00) 030 68
. 2374 (2139, 2374 (2138, 23.82 (2237, Z= 06
Bmi, M(QI, Q3) 26.31) 26.31) 25.73) 040 88
Glucose 31, M 9550 (8829, 95.50 (8829, 10631 (96.40, Z=- 0.0
(Q1, Q3) 104.50) 104.50) 123.42) 324 01
Cholesterol 33, M 181.85 (160.23, 181.85 (160.23, 192.28 (166.02, Z= 0.1
(Q1, Q3) 206.18) 206.18) 232.63) 143 53
Hdl 34, M (Ql, 49.81 (4324, 49.81 (4324, 4402 (3668, Z= 0.0
Q3) 57.53) 57.53) 52.32) 286 04
Ldl 35 M (Ql, 101.54 (83.01, 101.54 (83.01, 8456 (65.64, Z=- 0.0
Q3) 120.08) 120.08) 106.56) 270 07
11239 (8142, 112.39 (81.42, 500.00 (11858, Z= <0
Tg 36, M (Q1
g36,M(Ql, Q3) 164.60) 164.60) 500.00) 475 01
Bun 37, M (Ql, 14.85 (12.32, 1485 (1232, 13.73 (1148, Z= 0.0
Q3) 17.93) 17.93) 14.57) 205 4
Creatine 38, M 0.76 (0.65, 0.76 (0.65, 0.68 0.56, Z=- 0.0
(Q1, Q3) 0.89) 0.89) 0.77) 219 29
Uricacid 39, M 4.80 (3.90, 4.80 (3.90, 4.90 4.10, Z= 03
(Q1, Q3) 5.70) 5.70) 6.20) 091 61
Wbe 44, M (Q1, 5.70 4.73, 5.70 4.73, 5.73 (488, Z= 0.6
Q3) 6.81) 6.81) 6.90) 041 82
Platelet 46, M 201.00 (160.00, 201.50 (160.00, 174.00 (132.50, Z=- 0.2
(Q1, Q3) 244.00) 244.00) 267.00) 1.08 8
SBP 59, M (Q1, 12733 (114.67, 12733 (114.67, 143.00 (127.83, Z= 0.0
Q3) 142.00) 142.00) 157.00) 315 02
DBP 63, M (Ql, 75.00 (68.00, 75.00 (68.00, 85.00 (72.00, Z=- 0.0



Q3)

TyG 115, M (Ql,

Q3)

TyGWWI, M (QI,

Q3)

TyG-HGB,
(QL,Q3)

TyGCl,
Q3)

Agefenji, n(%)

<60

>60

M

M (I,

Marryfenji, n(%)

Live alone

Live with partner

Gender, n(%)

Drinkl, n(%)

Smoken, n(%)

83.00)

8.75
9.51)

(8.11,

98.19
109.68)

(88.09,

8.47
10.30)

(7.39,

11.30
12.60)

(10.17,

4027 (43.33)

5266 (56.67)

1632 (17.56)

7661 (82.44)

4249 (45.72)

5044 (54.28)

6067 (65.29)

3226 (34.71)

6777 (72.93)

83.00)

8.75
9.51)

(8.11,

98.14
109.60)

(88.08,

8.46
10.29)

(7.39,

11.30
12.60)

(10.17,

4019 (43.35)

5251 (56.65)

1627 (17.55)

7643 (82.45)

4237 (45.71)

5033 (54.29)

6054 (65.31)

3216 (34.69)

6759 (72.91)

92.17)

11.74
11.74)

(8.86,

130.82 (104.08,
135.50)

17.43
21.21)

(9.35,

14.97
15.67)

(11.61,

8 (34.78)

15 (65.22)

5(21.74)

18 (78.26)

12 (52.17)

11 (47.83)

13 (56.52)

10 (43.48)

18 (78.26)

2—

A =V.

39

1*=0.

78

*=0.

33

06

<0
01

<0
01

<0
01

<0
01

0.4
07

0.8

0.5
34

0.3
71

0.5
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Diahtl, n(%)

Diabel, n(%)

0

1

2516 (27.07)

6172 (66.42)

3121 (33.58)

7289 (78.44)

2004 (21.56)

2511 (27.09)

6163 (66.48)

3107 (33.52)

7275 (78.48)

1995 (21.52)

5(21.74)

9 (39.13)

14 (60.87)

14 (60.87)

9 (39.13)

v=7.

70

0.0
06

0.0

Z: Mann-Whitney test, x*: Chi-square test

M: Median, Q1: 1st Quartile, Q3: 3st Quartile



Table 2. Comparison of demographic and metabolic characteristics between
participants with and without colorectal tumors in the NHANES cohort

Statis

Total (n =

Variables 2839) NO (n=2646) YES (n=193) tic P
High, M (Ql, 167.00 (159.80, 166.90 (159.90, 167.80 (158.80, Z=- 0.9
Q3) 174.40) 174.30) 174.70) 0.00 99
Weight, M (Q1, 78.80 (67.20, 78.60 (67.20, 80.70 (67.20, Z=- 0.1
Q3) 92.50) 92.30) 95.70) 1.31 92
101.50 (91.60, 101.30 (91.32, 103.50 (93.40, Z~=- 0.0
WE M QL Q3) 111.20) 111.07) 115.20) 225 24
BMI, M (Ql1, 28.00 (24.51, 27.93 (24.39, 28.70 (25.70, Z=- 0.0
Q3) 32.36) 32.30) 33.30) 1.95 51
SBP, M (Q1, 127.33 (115.33, 126.67 (115.33, 132.67 (120.00, Z=- <.0
Q3) 141.33) 140.67) 148.00) 3.53 01
DBP, M (Ql, 68.67 (60.67, 68.67 (60.67, 67.33 (60.00, Z=- 0.0
Q3) 76.00) 76.00) 74.67) 1.78 74
WBC, M (Ql, 7=- 0.1
Q3) 6.90 (5.60, 8.30) 6.90 (5.60, 8.30) 6.60 (5.50, 8.20) 137 7
231.00 (192.75, 232.00 (193.00, 227.00 (187.00, Z=- 0.2
Plt, M (Q1
6 M(Q1, Q3) 275.00) 275.00) 270.00) 1.06 9
Danguchun, M 191.00 (162.00, 191.00 (163.00, 188.00 (152.00, Z=- 0.2
(Q1,Q3) 221.00) 221.00) 221.00) 1.14 55
Creatinine, M =- 0.0
Q1. Q3) 0.92 (0.77,1.10) 0.91(0.76, 1.10) 0.99 (0.80, 1.13) 5 42 16
97.00 (89.00, 97.00 (88.00, 102.00 (92.00, Z=- <.0
lu, M (Ql
Glu, M(QL, Q3) 111.00) 110.00) 127.00) 5.00 01
129.00 (88.00, 128.00 (88.00, 140.00 (96.00, Z=- 0.0
TG, M (Q1
G,M(Q1,Q3) 189.00) 187.00) 216.00) 2.16 31
Uricacid, M (Ql, =- 0.0
.50 (4. . .50 (4. . .70 (4. .
Q3) 5.50 (4.60, 6.50) 5.50(4.60, 6.50) 5.70 (4.90, 6.60) )17 3
AST, M (Ql1, 23.00 (20.00, 23.00 (20.00, 23.00 (20.00, Z=- 0.4



Q3)
ALT, M
Q3)
LDH, M
Q3)
GGT, M
Q3)
TyG, M
Q3)
TyGWWIL, M
(Q1,Q3)
TyG-HGB, M
(Q1,Q3)
TyGCI, M (Ql,
Q3)

Educationfeji,
n(%)

(Ql,

(Ql,

(Ql,

(Ql,

<high school
>high school
high school

Marriagefenji,
n(%)

live alone

live with

partner

Sex, n(%)

Female

Male

27.00)

20.00
26.00)

(16.00,

135.00 (118.00,
154.00)

20.00
30.00)

(15.00,

8.78 (8.35,9.22)

100.29
108.15)

(92.33,

7.98 (7.00, 9.38)

11.90
12.81)

(10.98,

240 (8.45)
1599 (56.32)

1000 (35.22)

1104 (38.89)

1735 (61.11)

1498 (52.77)

1341 (47.23)

27.00)

20.00
26.00)

(16.00,

135.00 (118.00,
154.75)

20.00
29.75)

(15.00,

8.77 (8.34, 9.20)

100.14
107.90)

(92.20,

7.94 (6.99, 9.32)

11.87  (10.96,
12.79)
211 (7.97)

1515 (57.26)

920 (34.77)

1015 (38.36)

1631 (61.64)

1404 (53.06)

1242 (46.94)

28.00)

21.00
26.00)

(16.00,

132.00 (115.00,
153.00)

22.00
38.00)

(16.00,

8.95 (8.46, 9.44)

102.63
112.49)

(94.91,

8.46
10.66)

(7.28,

12.14
13.34)

(11.21,

29 (15.03)
84 (43.52)

80 (41.45)

89 (46.11)

104 (53.89)

94 (48.70)

99 (51.30)

4.03

3.65

=18
.88

2—

v=4.
55

=1.
37

75

0.3
16

0.4
09

0.0
06

0.0
01

<.0
01

<.0
01
<0

<0
01

0.0

0.2
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Agefenji60,
n(%)

<60

>60

Alcohol, n(%)

Smoking, n(%)

0
1

Hypertation,
n(%)

0

1

Diabetes, n(%)

0

1

808 (28.46)

2031 (71.54)

770 (27.12)

2069 (72.88)

1247 (43.92)

1592 (56.08)

1229 (43.29)

1610 (56.71)

2197 (77.39)

642 (22.61)

774 (29.25)

1872 (70.75)

709 (26.80)

1937 (73.20)

1171 (44.26)

1475 (55.74)

1168 (44.14)

1478 (55.86)

2066 (78.08)

580 (21.92)

34 (17.62)

159 (82.38)

61 (31.61)

132 (68.39)

76 (39.38)

117 (60.62)

61 (31.61)

132 (68.39)

131 (67.88)

62 (32.12)

=11
96

74

=11
51

=10
70

<.0

01

0.1

0.1

<0

0.0
01

Z: Mann-Whitney test, y*: Chi-square test

M: Median, Q1: Ist Quartile, Q3: 3st Quartile
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Table 3. Multivariable logistic regression of TyG-related indices and colorectal
tumor risk in the CHARLS and NHANES cohorts

Variabl Modell Model2 Model3

Cohort
©s OR (95%CI) P OR (95%CI) P OR (95%CI) P
NG 3.67 (249 ~ <00 3.90 (2.64 ~ <00 398 (2.66 ~ <.00
Y 5.39) | 5.77) | 5.94) |
TGOl 1.93 (1.56 ~ <00 197 (1.59 ~ <00 2.00 (1.60 ~ <.00

CHAR 2.39) 1 2.44) 1 2.50) 1

LS TyG-  1.12 (1.08 ~ <00 1.13 (1.08 ~ <00 1.28 (1.20 ~ <.00
HGB  1.18) 1 1.18) 1 1.36) 1
TyGW 1.08 (1.05 ~ <00 1.08 (1.06 ~ <00 1.08 (1.06 ~ <.00
WI 1.10) 1 1.11) 1 1.11) 1
NG 1.80 (1.46 ~ <00 1.80 (1.46 ~ <00 1.69 (1.34 ~ <.00
Y 2.21) 1 2.23) 1 2.12) 1

1.33 (1.19 ~ <00 129 (1.15 ~ <00 124 (1.09 ~ 0.00

TyGCl

NHAN 1.48) 1 1.44) 1 1.41) 1

ES TyG- 120 (1.15 ~ <00 121 (1.15 ~ <00 122 (1.16 ~ <.00
HGB  1.25) 1 1.26) 1 1.29) 1
TyGW 1.03 (1.02 ~ <00 1.03 (1.02 ~ <00 1.02 (1.01 ~ 0.00
WI 1.05) 1 1.04) 1 1.04) 2

OR: Odds Ratio, CI: Confidence Interval

Modell: Crude

Model2: Adjust: marriagefenji, sex, age

Model3: Adjust: marriagefenji, sex, alcohol, smoking, hypertation, diabetes, age, BMI
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2011-2018 CHARLS
participants

A

Excluded:

Missing colorectal tumor status
Missing metabolic indicators
Missing covariates

A

Included (n=9,293)

partici

1999-2018 NHANES

pants

Excluded:

results

Missing colorectal examination

Missing metabolic indicators
Missing covariates

A

Included (n = 2.839)

No colorectal tumor:
n=9270(99.75%)

Yes colorectal tumor:
n=23(0.25%)

No colorectal tumor:
n=2646 (93.20%)

N Yes colorectal tumor:
n =193 (6.80%)

Figure 1. Flowchart of participant selection in the CHARLS and NHANES cohorts.

(A) CHARLS cohort. After excluding individuals with missing colorectal tumor status,
metabolic indicators, or covariates, 9,293 participants were included (9,270 without
colorectal tumor; 23 with colorectal tumor).

(B) NHANES cohort. After removing participants with missing colorectal tumor status,

metabolic indicators, or covariates, 2,839 participants remained (2,646 without colorectal

tumor; 193 with colorectal tumor).
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Figure 2. Restricted cubic spline (RCS) analyses of TyG-related indices and
colorectal tumor risk in the CHARLS and NHANES cohorts.

(A) TyG, (B) TyG-ClI, (C) TyG-HGB, and (D) TyG-WWTI in the CHARLS cohort, each
showing a significant nonlinear association with colorectal tumor risk. (E) TyG, (F) TyG-
Cl, (G) TyG-HGB, and (H) TyG-WWTI in the NHANES cohort, demonstrating similar
nonlinear dose-response patterns. The red line indicates the adjusted odds ratio and the

shaded area represents the 95% confidence interval.
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TyG 0.7860 0.0626 0.0000 0.6633 0.9087 0.6090 0.9850
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At least one tie exists between the positive and negative actual state groups for the test variable
TyG, which may cause slight bias in the statistics.
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Figure 3. Receiver operating characteristic (ROC) curves of TyG-related indices for
predicting colorectal tumor in the CHARLS and NHANES cohorts.

(A) ROC curves for TyG, TyG-WWI, TyG-HGB, and TyG-CI in the CHARLS cohort.
The AUC values were 0.786 for TyG, 0.773 for TyG-WWI, 0.767 for TyG-HGB, and
0.770 for TyG-CI.

(B) ROC curves for the same four indices in the NHANES cohort, with corresponding
AUC values of 0.570 for TyG, 0.580 for TyG-WWI, 0.587 for TyG-HGB, and 0.579 for
TyG-CL
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CHARLS-TYG CHARLS-TyGCI
Variables n (%) OR (95%Cl) P P for interaction Variables n (%) OR (95%Cl) P P for interaction
All patients 9293 (100.00) 3.67 (2.49 ~ 5.39) <.001 All patients 9293 (100.00) 1.93 (1.56 ~ 2.39) <.001
Age <.001 Age 0.001
<60 4027 (43.33) Inf (0.00 ~ Inf) 0.911 <60 4027 (43.33) 3.81(2.19 ~ 6.62) <.001
260 5266 (56.67) 2.50 (1.61 ~ 3.88) <.001 260 5266 (56.67) 1.54 (1.19 ~ 1.99) <.001
Marital status 0.316 Marital status 0.148
Live alone 1632 (17.56) 2.64 (1.22 ~ 5.69) 0.013 Live alone 1632 (17.56) 1.45 (0.93 ~ 2.27) 0.103
Live with partne 7661 (82.44) 4.18 (2.63 ~ 6.65) <.001 Live with partne 7661 (82.44) 2.1 (1.64 ~ 2.71) <.001
Gender 0.323 Gender 0.456
Male 4249 (45.72) 3.1 (1.92 ~ 5.05) <.001 Male 4249 (45.72) 1.81 (1.35 ~ 2.44) <.001
Female 5044 (54.28) 4.61 (2.47 ~ 8.60) <.001 Female 5044 (54.28) 2.13 (1.57 ~ 2.91) <.001
Drinking 0.005 Drinking 0.012
NO 6067 (65.29) 2.38 (1.48 ~ 3.82) <.001 NO 6067 (65.29) 1.55 (1.17 ~ 2.06) 0.002
YES 3226 (34.71) 3.52 (3.46 ~ 21.00 <.001 YES 3226 (34.71) 2.82 (1.90 ~ 4.16) <.001
Hypertension 0.024 Hypertension 0.058
NO 6172 (66.42) 2.22 (1.28 ~ 3.86) 0.004 NO 6172 (66.42) 1.43 (1.01 ~ 2.03) 0.046
YES 3121 (33.58) 5.64 (3.00 ~ 10.60 <.001 YES 3121 (33.58) 2.20 (1.66 ~ 2.92) <.001
Diabetes 0.007 Diabetes 0.052
NO 7289 (78.44) 2.64 (1.69 ~4.13) <.001 NO 7289 (78.44) 1.63 (1.24 ~ 2.14) <.001
YES 2004 (21.56) 1.98 (3.33 ~ 43.1" <.001 YES 2004 (21.56) 2.60 (1.74 ~ 3.89) <.001
C CHARLS-TYyHGB D CHARLS-TyGWWI
All patients 9293 (100.00) 1.12 (1.08 ~ 1.18) <.001 All patients 9293 (100.00) 1.08 (1.05 ~ 1.10) <.001
Age <.001 Age <.001
<60 4027 (43.33) 1.35(1.23 ~ 1.47) <.001 <60 4027 (43.33) 1.16 (1.09 ~ 1.23) <.001
260 5266 (56.67) 1.09 (1.04 ~ 1.13) <.001 =60 5266 (56.67) 1.05 (1.02 ~ 1.08) <.001
Marital status 0.766 Marital status 0.066
Live alone 1632 (17.56) 1.16 (0.98 ~ 1.36) 0.081 Live alone 1632 (17.56) 1.03 (0.99 ~ 1.09) 0.172
Live with partne 7661 (82.44) 1.13 (1.07 ~ 1.18) <.001 Live with partne 7661 (82.44) 1.09 (1.06 ~ 1.12) <.001
Gender 0.034 Gender 0.797
Male 4249 (45.72) 1.20 (1.12~1.27) <.001 Male 4249 (45.72) 1.08 (1.04 ~ 1.12) <.001
Female 5044 (54.28) 1.10 (1.05 ~ 1.14) <.001 Female 5044 (54.28) 1.09 (1.05 ~ 1.12) <.001
Drinking 0.614 Drinking 0.005
NO 6067 (65.29) 1.11(1.05~1.18) <.001 NO 6067 (65.29) 1.05 (1.02 ~ 1.08) 0.002
YES 3226 (34.71) 1.14 (1.06 ~ 1.22) <.001 YES 3226 (34.71) 1.13(1.08 ~ 1.18) <.001
Hypertension 0.006 Hypertension 0.067
NO 6172 (66.42) 1.09 (1.05 ~ 1.14) <.001 NO 6172 (66.42) 1.04 (1.00 ~ 1.08) 0.050
YES 3121 (33.58) 1.22 (1.15 ~ 1.30) <.001 YES 3121 (33.58) 1.09 (1.06 ~ 1.12) <.001
Diabetes 0.902 Diabetes 0.080
NO 7289 (78.44) 1.12 (1.05 ~1.18) <.001 NO 7289 (78.44) 1.06 (1.02 ~ 1.09) <.001
YES 2004 (21.56) 1.12 (1.05 ~ 1.20) <.001 YES 2004 (21.56) 1.11(1.06 ~ 1.15) <.001
570
571  Figure 4. Subgroup analyses of the associations between TyG-related indices and
572  colorectal tumor risk in the CHARLS cohort.
573  Subgroup logistic regression analyses were performed for TyG (A), TyG-CI (B), TyG-
574 HGB (C), and TyG-WWI (D). Odds ratios (ORs) and 95% confidence intervals are
575 shown for major subgroups including age (<60/>60 years), marital status, gender,
576  drinking status, hypertension, and diabetes.
577
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579
580
581
582
583
584
585
586

A CHARLS-TyG B CHARLS-TyGCI

All patients 2839 (100.00) 1.80 (1.46 ~ 2.21) <.001 All patients 2839 (100.00) 1.33 {1.19 ~ 1.48) <.001
Age 0.158 Age 0.066

<60 808 (28.46) 2.36 (1.51 ~ 3.70) <.001 <60 808 (28.46) 1.57 (1.24 ~ 1.99) <.001

=60 2031 (71.54) 1.64 (1.29~ 2.07) <.001 =60 2031 (71.54) 1.23(1.08 ~ 1.39) 0.001
Marital status 0.622 Marital status 0.968

Live alone 1104 (38.89) 1.89 (1.41 ~ 2.54) <.001 Live alone 1104 (38.89) 1.33 (1.14 ~ 1.55) <.001

Live with partne 1735 (61.11) 1.70 (1.27 ~ 2.28) <.001 Live with partne 1735 (61.11) 1.33 (1.15 ~ 1.55) <.001
Gender 0.376 Gender 0.732

Male 1498 (52.77) 1.97 (1.47 ~ 2.64) <.001 Male 1498 (52.77) 1.35 (1.16 ~ 1.56) <.001

Female 1341 (47.23) 1.63 (1.21~2.19) 0.001 Female 1341 (47.23) 1.30 (1.10~1.52) 0.001
Drinking 0.800 Drinking 0.761

NO 770(27.12) 1.85(1.30~2.62) <.001 NO 770(27.12) 1.29 (1.07 ~ 1.56) 0.007

YES 2069 (72.88) 1.75 (1.35 ~ 2.26) <.001 YES 2069 (72.88) 1.34 (1.17 ~ 1.53) <.001
Hypertension 0.677 Hypertension 0.636

NO 1229 (43.29) 1.63 (1.13 ~ 2.36) 0.010 NO 1229 (43.29) 1.25 (1.04 ~ 1.50) 0.017

YES 1610 (56.71) 1.79 (1.39 ~ 2.32) <.001 YES 1610 (56.71) 1.32 (1.15~ 1.52) <.001
Diabetes 0.001 Diabetes 0.004

NO 2197 (77.39) 1.24 (0.92 ~ 1.66) 0.159 NO 2197 (77.39) 1.14(0.99 ~ 1.32) 0.065

YES 642 (22.61) 2.58 (1.83 ~ 3.63) <.001 YES 642 (22.61) 1.64 (1.34 ~ 2.01) <.001

CHARLS-TyHGB CHARLS-TyGWWI

All patients 2839 (100.00) 1.20 (1.15 ~ 1.25) <.001 All patients 2839 (100.00) 1.03 (1.02 ~ 1.05) <.001
Age 0.594 Age 0.101

<60 808 (28.46) 1.22 (1.12~1.33) <.001 <60 808 (28.46) 1.05 (1.02 ~ 1.08) <.001

=60 2031 (71.54) 1.18(1.13~1.25) <.001 =60 2031 (71.54) 1.02 (1.01 - 1.04) 0.001
Marital status 0.907 Marital status 0.933

Live alone 1104 (38.89) 1.19(1.12~1.27) <.001 Live alone 1104 (38.89) 1.03 (1.01 ~ 1.05) <.001

Live with partne 1735 (61.11)  1.20 (1.13 ~ 1.28) <.001 Live with partne 1735 (61.11)  1.03 (1.01 ~ 1.05) <.001
Gender 0.841 Gender 0.806

Male 1498 (52.77) 1.19 (1.12~1.26) <.001 Male 1498 (52.77) 1.03 (1.02 ~ 1.05) <.001

Female 1341 (47.23) 1.20 (1.13~1.28) <.001 Female 1341 (47.23) 1.03 (1.01 ~ 1.05) 0.002
Drinking 0.6896 Drinking 0.835

NO 770(27.12) 1.18(1.10~1.27) <.001 NO 770(27.12) 1.03 (1.01 ~ 1.05) 0.006

YES 2069 (72.88) 1.20 (1.14-~1.27) <.001 YES 2069 (72.88) 1.03 (1.02 ~ 1.05) <.001
Hypertension 0.684 Hypertension 0.595

NO 1229 (43.29) 1.20(1.11~1.30) <.001 NO 1229 (43.29) 1.02 (1.00 ~ 1.05) 0.025

YES 1610 (56.71) 1.18 (1.12~ 1.24) <.001 YES 1610 (56.71) 1.03 (1.02 ~ 1.05) <.001
Diabetes 0.006 Diabetes 0.013

NO 2197 (77.39) 1.09 (1.00~ 1.19) 0.038 NO 2197 (77.39) 1.02 (1.00 ~ 1.03) 0.047

YES 642 (22.61) 1.27 (1.18~1.35) <.001 YES 642 (22.61) 1.05(1.03~1.08) <.001

Figure S. Threshold effect analyses of the associations between TyG-related indices
and colorectal tumor risk in the NHANES cohort.

Threshold (segmented) logistic regression analyses were performed for TyG (A), TyG-CI
(B), TyG-HGB (C), and TyG-WWI (D). The fitted curves display adjusted odds ratios
(ORs) and 95% confidence intervals across the continuous range of each metabolic
indicator, with the estimated breakpoint identifying a potential threshold that separates

lower-risk and higher-risk segments.
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