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Abstract 

Background  Diabetes and obesity are established risk factors for heart failure(HF). Although the TyG (triglyceride-
glucose) index serves as a sensitive marker for identifying insulin resistance, there is a lack of comprehensive evidence 
regarding whether its integration with obesity indices can enhance the predictive capacity for HF. This prospective 
cohort study is designed to explore the correlation between TyG indices in conjunction with obesity indices (TyG-
body mass index, or TyG-BMI; TyG-waist circumference, or TyG-WC; TyG-waist circumference-to-height ratio, or TyG-
WHtR) and the risk of HF.

Methods  Between 2017 and 2023, the study employed a prospective cohort study design to investigate all older 
adults aged 60 years and above who completed at least twice periodical health examinations in the National Basic 
Public Health Service at the Hongguang Community Health Service Center. The association between TyG and its 
derived indices (TyG-BMI; TyG-WC; TyG-WHtR) and the risk of HF was assessed by Cox modelling, as well as their longi-
tudinal trajectories fitted using a group-based trajectory model.

Results  A total of 7,335 people participated in the study. During an average follow-up period of 2.97 years, 229 
participants were eventually diagnosed with HF. Findings showed that individuals with a TyG-BMI less than 142 
or greater than or equal to 169, TyG-WC greater than or equal to 614, and TyG-WHtR greater than or equal to 3.85 
had a higher risk of developing HF, with hazard ratios (HR) and 95% confidence intervals (CIs) of 1.17 (1.15, 2.55), 1.45 
(1.06. 1.98), 1.54 (1.09, 2.18) and 1.33 (1.01, 1.75). In terms of trajectories, the three derived indexes exhibited relatively 
stable fluctuations. Specifically, among men, those with low-level fluctuations in the TyG-BMI trajectory had a hazard 
ratio of 2.37 for HF compared to those with a medium-level wave.Compared to individuals whose TyG-WHtR levels 

†Xinyang Dui, Xin Chen and Linlin Zhu contributed equally to this work and 
share first authorship.

†Tao Zhang and Jiayuan Li contributed equally to this work and share 
corresponding authorship.

*Correspondence:
Tao Zhang
statzhangtao@scu.edu.cn
Jiayuan Li
lijiayuan73@163.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-025-22046-2&domain=pdf


Page 2 of 12Dui et al. BMC Public Health          (2025) 25:863 

fluctuate around 3.71 over five years, those with TyG-WHtR levels approaching 3.29 and steadily decreasing face 
an 80% higher risk of developing HF. However, there was no such difference observed in women.

Conclusion  This study demonstrates a difference in the risk of HF among populations with varying levels of TyG 
combined with obesity indicators. In addition, persistently low and decreasing levels of TyG-WHtR also indicate 
an increased risk of developing HF. These biomarkers can be used as effective practical tools for identifying those 
at high risk of developing HF in the community’s older population.

Key points 

Question: Whether TyG combined with obesity index is associated with the risk of heart failure in elderly people 
in the community?

Findings: This prospective cohort study based on a community-based elderly population found a strong association 
between TyG-BMI, TyG-WC, and TyG-WHtR and the risk of developing HF.

Meaning: The derived TyG index can be used as an effective biomarker to identify the risk of heart failure in older 
adults within 5 years.

Keywords  Heart failure, Derived TyG index, Prospective cohort study

Graphical Abstract

Background
Heart failure (HF) is a cardiovascular disorder charac-
terized by structural and/or functional abnormalities 
of the heart. It represents an advanced stage of various 
cardiovascular diseases and is associated with high rates 
of disability and mortality [1]. About 40 million people 
worldwide suffer from heart failure, and the disease has a 
death rate of more than 10% [2]. It is estimated that 12.1 

million people in China alone have been diagnosed with 
HF, and the number of cases is rising [3, 4]. Heart failure 
is more common in the elderly; incidence rates for those 
65–79 years old and those over 80 years old are 892 and 
1,655 per 100,000 person-years, respectively [3], and the 
prevalence of “various forms of heart failure” is approxi-
mately 11.8% [5]. Since age-related factors make people 
more susceptible to disease, cardiovascular aging-related 
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physiologic changes make people more susceptible to 
heart failure [6]. Older individuals may lack the typical 
symptoms of heart failure, which causes more complica-
tions, easy misdiagnosis, and missed diagnosis [3].

The American Heart Association/American College 
of Cardiology/Heart Failure Society of America (AHA/
ACC/HFSA) have focused on heart failure prevention in 
their latest heart failure guidelines released in 2022 and 
have recommended the use of heart failure risk predic-
tion models to identify those at risk. Notably, diabetes 
and obesity have been included as primary indications 
for HF prevention in the new guidelines.

The development of HF is closely linked to insulin 
resistance and obesity through several different physi-
ological pathways. In response to injury, the myocar-
dium typically modifies substrate metabolism to boost 
energy efficiency. However, insulin resistance disrupts 
this adaptive process, potentially exacerbating damage 
through factors such as lipotoxicity, inflammation, oxida-
tive stress, and fibrosis [7]. And obesity can lead to heart 
failure by altering cardiac dynamics, structure, function, 
and conduction [8]. Compared to the homeostatic model 
assessment of insulin resistance (HOMA-IR), the TyG 
index is more sensitive [9] and easier to obtain, making 
it an effective alternative indicator for identifying insu-
lin resistance in large-scale epidemiological studies [10]. 
Furthermore, the TyG index has been confirmed to be 
positively associated with the risk of HF occurrence and 
may serve as a crucial therapeutic target and significant 
predictive indicator for HF [11,  12]. However, previ-
ous research evidence has been predominantly based on 
cross-sectional studies. The TyG index combined with 
obesity indicators (triglyceride-glucose-body mass index, 
or TyG-BMI; triglyceride-glucose-waist circumference, 
or TyG-WC; triglyceride-glucose-waist-to-height ratio, 
or TyG-WHtR), collectively known as TyG-derived indi-
ces, can comprehensively reflect the risk of diabetes and 
obesity in the population and have demonstrated supe-
rior performance in predicting and diagnosing various 
cardiovascular diseases, such as coronary artery calcifica-
tion progression [13] and ischemic stroke [14], compared 
to the TyG index alone.

Currently, there is limited research on the association 
between derived TyG indices and HF, with the majority 
of studies focusing on specific populations and ignoring 
the geriatric population [15–17]. It is worth noting that 
for most older people, lack of awareness of physical and 
hypertensive symptoms and delayed emotional responses 
prevent them from seeking timely medical help [17]. 
Therefore, it is imperative to conduct research and 
develop straightforward, reliable markers to accurately 
and sensitively warn of the elderly’s risk of HF.

The aim of this study was to investigate the associa-
tion between the TyG index and the risk of HF in the 
elderly population over a five-year period, using peri-
odical health examinations data from the regional elderly 
population, in order to provide insightful information for 
the development of clinical procedures and public health 
policies for the elderly.

Research design and method
Research design
This study utilizes data from the Hongguang Elderly 
Health Examination Cohort. China’s National Basic 
Public Health Service Project began providing annual 
health examinations to those 65 years of age and above 
in 2009. Since 2017, Chengdu Pidu District Hongguang 
Community Health Service Center has standardized the 
management of physical examination data collected by 
the National Basic Public Health Service Project, and an 
independent database has been formed.

Participant recruitment was conducted in Hongguang 
Town, Pidu District, Chengdu City, Sichuan Province. 
Hongguang Town, a suburban area of Chengdu, is under-
going urbanization, and therefore, this region encom-
passes both urban and rural representative populations. 
The cohort comprises 12,577 adults aged around 60 
and above from 14 communities, representing 47.43% 
of the local age-eligible population. Baseline data were 
collected through health check-ups, including demo-
graphic information, general health examinations, life-
style factors, health status and medication use, and health 
assessments. Disease outcomes were confirmed by link-
ing health examination data with the disease diagnosis 
information system on the first page of medical records 
managed by the Sichuan Provincial Health Information 
Center. A detailed description of the cohort has been 
showed in Additional file 1.

The study included elderly people who participated 
in China’s National Basic Public Health Service Project 
between January 2017 and January 2023. To ensure regu-
lar participant engagement in follow-up assessments and 
to guarantee the reliability of outcome data collection, 
this study excluded participants with only one health 
measurement. The study procedure is illustrated in Fig. 1. 
Exclusion criteria comprised the following:(1) partici-
pants with only once measurement;(2) participants with 
a survival time of less than 90 days;(3) participants with 
missing data about covariates of interest;(4) participants 
who developed heart failure or those who have previ-
ous coronary heart disease, stroke, or atrial fibrillation at 
baseline.
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Data collection
Prospective cohort data collection involved gathering 
information on health-related behavioral habits, primar-
ily focusing on smoking status and alcohol consumption. 
Health history surveys were conducted, including family 
history, surgical history, and medication allergies. The 
health examination indicators primarily included height, 
weight, blood pressure, fasting blood glucose (FPG), total 
cholesterol (TC), triglycerides (TG), and high-density 
lipoprotein cholesterol (HDL-C). Specific measurement 
methods for the main research variables are provided in 
Additional File 2.

This study was approved by Ethics Committee of West 
China Fourth Hospital and West China School of Public 
Health, Sichuan University, and all participants provided 
written informed consent.

Diagnostic criteria
This study matched the health examination data of the 
research subjects with the disease diagnosis informa-
tion system on the first page of medical record through 
the Sichuan Provincial Health Information Center, col-
lected the first diagnosis information of the participants’ 
research outcomes, and confirmed the occurrence and 
outcome of the participants’ diseases. The diagnosis of 

incident heart failure (HF) was defined as the presence 
of an HF diagnosis (ICD-10,International Classification 
of Diseases-10, code: I50) in the participants’ hospital 
admission records during the follow-up period.

The endpoint of patient follow-up was either the date 
of the HF diagnosis or the date of the last medical exami-
nation, whichever came earlier. The diagnosis of hyper-
tension was defined as a clear diagnosis of hypertension 
(ICD-10 codes: I10-15) in the participants’ hospital 
admission records during the follow-up period. If a par-
ticipant developed HF during the follow-up period, the 
date of hypertension diagnosis should be earlier than the 
date of HF diagnosis.

The TyG, TyG-BMI, TyG-WC, and TyG-WHtR 
indices were calculated using the following formu-
las: (1) TyG = ln[triglycerides(mg/dL) × fasting blood 
glucose(mg/dL)/2]; (2) BMI = weight (kg) / height2 (m2); 
(3) WHtR = waist circumference (cm) / height (cm); 
(4) TyG-WC = TyG × waist circumference (cm); TyG-
WHtR = TyG × WHtR; TyG-BMI = TyG × BMI.

Statistical methods
Before commencing the statistical analysis, we con-
ducted a data quality check and imputed some miss-
ing values using the random forest method. The 

Fig. 1  Flowchart of study participants and follow-up
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participants were grouped according to the occur-
rence of HF by the end of follow-up, and baseline 
information was compared between the two groups. 
Continuous variables were reported as mean ± stand-
ard deviation(x ± s), and independent sample t-tests 
were used for between-group comparisons. Cat-
egorical variables were presented as proportions, and 
Chi-square tests were performed for between-group 
comparisons. The non-linear relationship between 
the derived TyG indices and HF was evaluated using 
the restricted cubic spline (RCS) model. The optimal 
number of knots was determined based on the Akaike 
information criterion (AIC). Cumulative survival time 
of HF at different levels of the derived TyG indices 
was calculated and compared using the Kaplan–Meier 
method and log-rank test. The Cox proportional haz-
ards regression models were utilized to investigate the 
correlation between the exposure factors (categorized 
according to the RCS cutoff value) and HF. Addition-
ally, the cross-product interaction term in the Cox 
model and relative excess risk estimation (RERI) were 
used to examine the potential multiplicative or biolog-
ical interaction between obesity and the TyG index in 
relation to HF risk. Further details of the interaction 
results are provided in Additional file 2:Table S1.

Joint and subgroup analyses were conducted by age, 
history of hypertension, smoking, alcohol consump-
tion, and gender, considering that individuals with 
different characteristics have distinct risks of HF [18]. 
Previous epidemiological surveys have shown that 
the incidence of heart failure is higher in the elderly, 
patients with hypertension, and female populations.

Using a group-based trajectory model (GBTM, a 
finite mixture model), gender-specific longitudinal 
data of the derived  TyG index were fitted to two or 
more latent trajectories using maximum likelihood.
We grouped the study population according to GBTM 
fitting results to clarify the impact of fluctuations and 
trajectories of these indices on the risk of heart fail-
ure in older adults and to complement the results of 
prospective exploratory studies based on single-meas-
urement data. The Cox regression model was used to 
analyze the relationship between different longitudi-
nal trajectories and the probability of new-onset HF, 
using the moderate-level group as the reference group. 
(Refer to the Third Part of Additional file  2 for more 
details on the trajectory model).

Data analysis was performed using R language soft-
ware 4.2.3, and SAS 9.4 was used to fit the GBTM tra-
jectory of the Proc Traj program developed by Nagin 
et al. A two-sided test was used, and P < 0.05 was con-
sidered a statistically significant difference.

Results
General characteristics of the study population
The characteristics of the participants in the two 
groups, with the occurrence of heart failure as the end-
point, are shown in Table  1. After excluding partici-
pants who failed to meet the criteria, a total of 7,335 
participants were included in the analysis.The average 
age of the study participants was 69 years, with males 
accounting for 43.71%(3206/7335) of the cohort. By 
the end of the follow-up period, 229 participants were 
newly diagnosed with heart failure. The mean values 
for TyG, TyG-BMI, TyG-WC, and TyG-WHtR among 
the study subjects were 7.01, 169.99, 577.94, and 3.72, 
respectively. Individuals who eventually developed HF 
were more likely to be older, with higher levels of waist 
circumference, waist-to-height ratio, TyG-WC, TyG-
WHtR, and serum creatinine (Scr), and were at a higher 
risk of developing hypertension. However, they had 
lower levels of height and hemoglobin(Hb) compared 
to individuals who did not develop HF.

Nonlinear relationship between derivative TyG indices 
and the risk of HF
TyG-BMI and TyG-WC indices showed a significant 
non-linear dose–response association with HF (Poverall 

trend < 0.05, Pnon-linearity < 0.05), while no such association 
was observed between TyG, TyG-WHtR and HF (Pover-

all trend > 0.05). Detailed results are shown in the Addi-
tional file 2: Figure S2.

Association between TyG indices and HF incidence 
in elderly populations
Survival analysis
Significant differences were observed in the cumula-
tive survival time across different groups of TyG-BMI, 
TyG-WC, and TyG-WHtR (P < 0.05), referring to Addi-
tional file  2: Figure S3 the Kaplan–Meier curve. Cox 
regression analysis showed that, after adjusting for 
age, gender, smoking, alcohol consumption, history of 
hypertension, scr, SBP, DBP, HDL-C, and LDL-C, the 
impact of different levels of TyG on the risk of HF did 
not reach statistical significance. However, individuals 
with TyG-BMI levels below 142 or greater than or equal 
to 169, as well as those with TyG-WC levels greater 
than or equal to 614, had a significantly increased risk 
of developing HF (hazard ratio = 1.71, 1.45, and 1.54, 
respectively). Moreover, individuals with TyG-WHtR 
≥ 3.85 had a 33% significantly increased risk of HF 
(Table 2).
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Joint analysis of the derived TyG index and traditional risk 
factors
The joint analysis revealed that the combined effects of 
age and hypertension significantly elevated the risk of 
HF in relation to derived TyG indices. Specifically, the 
highest risk of HF (HR and 95% CI: 4.36, 2.76–6.82) 
was observed in older individuals with a high TyG-
BMI values compared to the reference group, while the 
impact of other indicators remained relatively consist-
ent. Older adults aged 75 and above with higher TyG-
WC and TyG-WHtR had HR and 95% CI values of 4.59 

(2.77–7.59) and 4.02 (2.73–5.91), respectively, com-
pared to the reference group. Moreover, hypertension 
history exhibited a similar effect as age on the associa-
tion between derived TyG index and the risk of HF. The 
specific results of the joint analysis on the derived TyG 
index, age, and history of hypertension can be found in 
Fig. 2.

Individuals with a history of smoking and abnormal 
levels of derived TyG indices (e.g., TyG-BMI, TyG-WC, 
or TyG-WHtR) were at a significantly higher risk of 
developing HF compared to those with smoking history 

Table 1  Description of baseline characteristics of the study population

Abbreviations: HF Heart Failure, BMl Body Mass Index, WHtR Waist-to-Height Ratio, WC WaistCircumference, SBP Systolic Blood Pressure, DBP Diastolic Blood 
Pressure, T2D Type 2 Diabetes, HP Hypertension, TC Total Cholesterol, TG Triglycerides, Scr Serum Creatinine, LDL-C Low-Density Lipoprotein Cholesterol, HDL-C 
High-Density Lipoprotein Cholesterol, FPG Fasting Plasma Glucose, TBIL Total Bilirnbin, Hb Hemoglobin, WBC White Blood Cell Cout, PLT Platelet Count, ALT Alanine 
Aminotransferase, AST Aspartate Aminotransferase

Variable Names Total Subjects Non-HF Group HF Group P-value

HF[%(n/N)] 100 (7335/7335) 96.88(7106/7335) 3.12(229/7335) —

Male[%(n/N)] 43.71(3206/7335) 43.78(3111/7106) 41.48(95/229) 0.534

Age(x ± s,years) 68.99 ± 5.33 68.9 ± 5.28 71.78 ± 6.02  < 0.001

Height(x ± s,cm) 155.47 ± 8.15 155.51 ± 8.15 154.14 ± 8.01 0.011

BMI(x ± s,kg/m2) 24.21 ± 3.11 24.20 ± 3.09 24.45 ± 3.55 0.300

WHtR(x ± s) 0.53 ± 0.06 0.53 ± 0.06 0.55 ± 0.06  < 0.001

WC(x ± s,cm) 82.36 ± 8.62 82.30 ± 8.61 84.08 ± 8.98 0.003

SBP(x ± s,mm Hg) 139.26 ± 17.58 139.18 ± 17.57 141.68 ± 17.97 0.030

DBP(x ± s,mm Hg) 83.17 ± 11.29 83.20 ± 11.31 82.48 ± 10.68 0.188

IR-related Indicators(x ± s)

  TyG 7.01 ± 0.47 7.01 ± 0.47 7.00 ± 0.46 0.887

  TyG_BMI 169.99 ± 26.95 170.01 ± 26.92 172.36 ± 29.84 0.397

  TyG_WHtR 3.72 ± 0.52 3.72 ± 0.52 3.83 ± 0.54 0.002

  TyG_WC 577.94 ± 78.72 577.56 ± 78.58 589.73 ± 82.28 0.028

Co-existing Diseases[%(n/N)]

  T2D 2.88(211/7335) 2.86(203/7106) 3.49(8/229) 0.714

  HP 6.63(486/7335) 6.37(453/7106) 14.41(33/229)  < 0.001

Unhealthy Lifestyle[%(n/N)]

  Smoking History 26.39(1936/7335) 26.50(1883/7106) 23.14(53/229) 0.290

  Drinking History 30.92(2268/7335) 31.10(2210/7106) 25.33(58/229) 0.074

Laboratory Indicators

  TC(x ± s,mmol/L) 5.12 ± 0.94 5.13 ± 0.95 5.06 ± 1.00 0.286

  TG(x ± s,mmol/L) 1.43 ± 0.60 1.43 ± 0.61 1.43 ± 0.60 0.850

  Scr(x ± s,μmoI/L) 63.58 ± 14.50 63.49 ± 14.42 66.21 ± 16.59 0.015

  LDL-C(x ± s,mmol/L) 2.76 ± 0.73 2.75 ± 0.73 2.72 ± 0.75 0.821

  HDL-C(x ± s,mmol/L) 1.49 ± 0.33 1.49 ± 0.33 1.45 ± 0.33 0.057

  FPG(x ± s,mmol/L) 94.70 ± 15.12 95.02 ± 15.50 94.13 ± 16.02 0.289

  TBIL(x ± s,μmoI/L) 11.45 ± 5.10 11.44 ± 5.07 11.59 ± 5.58 0.408

  Hb(x ± s,g/L) 140.27 ± 24.30 140.36 ± 24.46 137.58 ± 18.91 0.046

  WBC(x ± s, × 109/L) 6.19 ± 1.97 6.18 ± 1.97 6.29 ± 1.82 0.188

  PLT(x ± s, × 109/L) 174.86 ± 67.14 175.02 ± 66.96 170.40 ± 72.21 0.629

  ALT(x ± s,U/L) 22.64 ± 15.75 22.58 ± 15.38 24.91 ± 24.44 0.255

  AST(x ± s,U/L) 27.00 ± 16.27 26.95 ± 16.15 28.60 ± 18.84 0.272



Page 7 of 12Dui et al. BMC Public Health          (2025) 25:863 	

or abnormal TyG indices alone. Compared to individuals 
with no history of smoking and moderate levels of TyG-
BMI, those with lower levels of TyG-BMI and a smoking 
habit had a higher risk of developing HF (HR and 95% 
CI: 2.35, 1.30–4.26). Additionally, individuals with higher 
levels of TyG-WC and TyG-WHtR who smoked had 
the highest risk of HF compared to the reference group 
(with HR and 95% CI values of 2.00, 1.22–3.26 and 2.00, 
1.26–3.17, respectively). The specific results of the joint 
analysis on the derived TyG index and history of somk-
ing/drinking are provided in Additional file 2: Figure S4.

Subgroup analysis by gender
The trends between TyG-derived indices and the risk of 
HF were found to be consistent with the overall analysis, 
according to sex-specific subgroup analysis. In particular, 
the TyG-BMI and TyG-WHtR indices were more sensi-
tive in the male population, while the female population 
showed higher sensitivity for TyG-WC indices. See Fig. 3 
for detailed results.

Discussion
This research examined the association between TyG-
BMI, TyG-WC, and TyG-WHtR with the risk of heart 
failure (HF) using longitudinal health examination data 
from senior citizens. Significant correlations between 
these variables were found, with different correlations 

for different genders. Additionally, there was a combined 
influence of age, a history of hypertension, and unhealthy 
lifestyle with calculated TyG indices. Gender variations 
were also observed in the connection between TyG-
derived indices and HF. The level of the study population’s 
derived TyG indexes remained rather stable throughout 
the five-year follow-up, as they are dependable indicators 
for determining the older population’s risk of HF. How-
ever, the trajectory of TyG-WHtR was slightly different 
in men, and those with a low TyG-WHtR index and con-
tinuous decrease had a higher risk of HF. These findings 
underscore the importance of simultaneously monitoring 
individuals with low levels and declining trends in TyG-
WHtR over time, as they may be particularly susceptible 
to an increased risk of HF. No similar phenomenon was 
observed in women.

Associations between derived TyG indexes and HF
Consistent with previous research findings, the com-
bined indices of TyG with BMI, WC, and WHtR in this 
investigation demonstrated a stronger connection with 
the risk of incident HF in older population than did TyG 
alone. The TyG-WC index outperformed the TyG index 
in predicting the risk of stroke (with AUC,Area Under 
Curve, values of 0.622 and 0.614, respectively), according 
to a study based on a rural cohort in China [19]. In addi-
tion, a different longitudinal investigation found that, in 
comparison to the TyG and TyG-BMI indices, the TyG-
WC index was more predictive of the development of 
coronary artery atherosclerosis [13].

According to a cohort study on the Korean population 
[20], TyG-WC and TyG-WHtR were more predictive of 
cardiovascular illnesses in non-diabetic adults than TyG 
and TyG-BMI. While WC and WHtR are indications of 
abdominal obesity, BMI is an indicator of overall obesity. 
Combining TyG with obesity indices, the TyG-BMI, TyG-
WC, and TyG-WHtR indices offer a thorough represen-
tation of the effects of obesity and insulin resistance on 
population health. These indicators are linked to poten-
tial risk factors for heart failure. Endothelial dysfunc-
tion brought on by insulin resistance inhibits nitric oxide 
synthesis, aggravating hypoxia and ultimately leading to 
cardiac cell death [21]. Additionally, obesity and insulin 
resistance lead to oxidative stress, chronic inflamma-
tion, and abnormal lipid metabolism. These factors cause 
myocardial remodeling and fibrosis, which worsen heart 
failure [22, 23].

Previoues Research on the nonlinear association 
between cardiovascular events and the TyG-BMI index 
has produced contradictory results [14,  24–26]. Some 
studies found no nonlinear relationship between TyG-
BMI and the severity of ischemic stroke [14] or coronary 
artery disease [26]. However, a nonlinear association 

Table 2  Survival analysis of TyG and derived TyG indices in 
relation to HF

Adiust Model: Adjusted for age, gender, history of hypertension, smoking 
history, alcohol consumption, Serum creatinine, Systolic Blood Pressure, 
Diastolic Blood Pressure, High-Density Lipoprotein Cholesterol and Low-Density 
Lipoprotein Cholesterol

Abbreviations: D/ND Disease/Non-disease

Model Parameters Morbidity
(/10,000 
Person 
Years)

Bivariate Mode Adjust Model
HR(95%CI) HR(95%CI)

TyG-Q

  < 7 2.958 Reference Reference

  >  = 7 2.791 0.87(0.66–1.16) 0.92(0.70–1.22)

TyG-BMI-Q

  < 142 3.842 1.71(1.16–2.51) 1.71(1.15–2.55)

  142 >  = & < 169 2.256 Reference Reference

  >  = 169 3.064 1.45(1.07–1.96) 1.45(1.06–1.98)

TyG-WC-Q

  < 557 2.715 1.22(0.87–1.72) 1.27(0.90–1.81)

  557 >  = & < 614 2.396 Reference Reference

  >  = 614 3.481 1.63(1.15–2.29) 1.54(1.09–2.18)

TyG-WHtR-Q

  < 3.85 2.479 Reference Reference

  >  = 3.85 3.480 1.47(1.13–1.91) 1.33(1.01–1.75)
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has been found between TyG-BMI and the risk of stroke 
according to a study that focused on Chinese individuals 
[25]. Specifically, the risk of stroke in people with TyG-
BMI < 174.63 is more likely to be affected by TyG-BMI. 
Our study provides support for the existence of a nonlin-
ear relationship between TyG-derived indices and cardi-
ovascular events. Compared with the previous study [25], 
the average age of our study population was older, the 
overall TyG-BMI level was lower, and the cut-off value 
was lower than 174.63. From these two studies of Chi-
nese populations, it appears that, the derived TyG index 
had a greater impact on the risk of cardiovascular events 
among those with lower TyG-BMI levels.

A non-linear relationship between BMI and the death 
rate from cardiovascular disease was discovered by a 
meta-analysis based on prospective studies [27], while 
studies looking at the relationship between waist cir-
cumference and major cardiovascular events [28] also 
revealed similar results. Our study also suggested a non-
linear relationship between TyG combined with BMI and 
WC and the risk of HF. Considering the unique nature of 
BMI and WC indicators, more investigation is required 
to validate the dose–response association between TyG-
BMI, TyG-WC, and the risk of cardiovascular disease. 
Furthermore, there are two phases of slow increase and 
rapid increase in the rate of heart failure incidence with 
increasing TyG-WHtR, indicating that the link between 
the TyG-WHtR index and the risk of heart failure is 
not simply linear. Thus, specific intervention strategies 
adapted to various phases of derived TyG indexes could 
improve heart failure prevention.

Notablely, contrary to several other studies on the gen-
eral population, our investigation did not find a relation-
ship between the TyG index and the risk of heart failure 

in the older population [11]. This implies that the TyG 
index might not be a reliable gauge of heart failure risk 
in the older population. Older population may experi-
ence more health issues and physiological changes, such 
as vascular aging and a decline in myocardial function. 
These variables may combine to affect the TyG index in 
a way that makes it less predictive for older adults and 
makes it unable to adequately explain the risk of heart 
failure. Future studies must thus concentrate more on the 
physiological traits of the older population as well as the 
variations in the etiology of heart failure.

Our study also delved into the potential interaction 
between these obesity indicators and the TyG in relation 
to HF risk and suggested that there is no significant syn-
ergy or interaction between these factors in their impact 
on HF risk. A study focused on the interaction of the TyG 
index and obesity for stroke risk results is consistent with 
this study [29]. While both types of indicators are associ-
ated with metabolic disorders, the pathogenesis of heart 
failure may be different. Further studies are needed to 
elucidate the specific mechanisms through which obesity 
and insulin resistance contribute to heart failure.

Role of age, hypertension, unhealthy lifestyle and sex
The results of the joint analysis demonstrated that 
derived TyG indices had a negative impact on the risk of 
heart failure and were more deleterious in older adults, 
those with a history of hypertension, smokers, and alco-
hol consumers. This shows that preventing smoking and 
alcohol intake, keeping blood pressure within normal 
ranges, and doing regular check-ups on senior people can 
all help to lessen the cumulative impact of these factors 
and potentially prevent heart failure. The results of the 
subgroup analysis showed that different gender groups 

Fig. 2  Forest plot of joint analysis based on age and history of hypertension. Abbreviations:G1:Group1(TyG-BMI: < 142;TyG-WC: < 557;TyG-WHtR:  
< 3.85);G2:Group2(TyG-BMI:142 >  = & < 169;TyG-WC:557 >  = & < 614;TyG-WHtR: >  = 3.85); G3: Group 3(TyG-BMI: >  = 169;TyG-WC: >  = 614)
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had varying levels of sensitivity to TyG-derived indices. 
In particular, TyG-BMI and TyG-WHtR had superior 
predictive power for the short-term risk of heart failure 
in senior men, while TyG-WC showed superior predic-
tive power for the short-term risk of heart failure in sen-
ior women.

A combined study based on a bidirectional cohort 
showed that women had a stronger correlation than men 
did between the TyG index and the risk of heart failure 
events [30], and another study found that men had a 
higher correlation than women did between TyG-derived 
indices and cardiovascular disease (CVD) [13]. Simulta-
neously, the impact of obesity levels on the population’s 
risk of heart failure varied according to gender.

Our research also revealed that there were gender dif-
ferences in the relationships between several derived 
TyG indices and HF. These outcomes may be attributed 
to the higher prevalence of abdominal fat accumulation 
in women compared to men, making waist circumference 
a more accurate indicator of obesity in females. Numer-
ous factors, such as physiological variations between men 
and women in terms of fat metabolism, hormone secre-
tion, and body fat distribution, may have an impact on 
these gender variances. More investigation and learning 

are still needed to pinpoint the precise causes of these 
gender disparities.

Effect of the longitudinal trajectory of derived TyG indexes 
on the occurrence of HF
The findings of the GBTM fitting demonstrate that irre-
spective of gender, the longitudinal trajectories of the 
TyG-BMI index stay comparatively steady over five years. 
The results of two cohort studies, with follow-up peri-
ods of five years [31] and ten years [32] among Chinese 
populations, likewise show that the longitudinal trajec-
tories of the BMI and TyG index are stable at all levels. 
These findings imply that using baseline data accurately 
captures the effect of different TyG-BMI levels on the 
chance of developing HF over a period of five to 10 years. 
Regression analysis results indicated that within 5 years, 
those with a TyG-BMI maintained at 141.17–145.16 were 
more likely to experience heart failure than those with a 
TyG-BMI maintained at 173.84–176.72. This further sup-
ported this study’s findings, suggesting that the use of 
single-measured TyG-BMI data can predict 5–10 years of 
HF risk, and highlighted the importance of maintaining a 
moderate TyG-BMI level in lowering the risk of HF.

Fig. 3  Forest plot of subgroup analysis by gender for TyG-derived indices



Page 10 of 12Dui et al. BMC Public Health          (2025) 25:863 

Furthermore, when the TyG-WHtR equal or less than 
3.29 and continues to decline, men suffering from the risk 
of heart failure have 1.8 times higher than men with TyG-
WHtR levels of 3.68 to 3.77. In comparison to the general 
population, this group is more likely to suffer from unfa-
vorable health problems such as wasting, sarcopenia, and 
cachexia, as well as mobility issues [33]. Therefore, when 
utilizing TyG-WHtR as an indicator for monitoring the 
risk of heart failure in a population, it is crucial to simulta-
neously focus on individuals with a single measurement of 
TyG-WHtR equal to or greater than 3.85 and those exhib-
iting persistently low TyG-WHtR levels with a declining 
trend during longitudinal monitoring. Early intervention 
measures should be implemented to prevent developing risk 
of HF and other adverse health outcomes. It has not been 
determined whether distinct longitudinal trajectories of the 
TyG-BMI or TyG-WC index affect the risk of heart failure 
in the female population. It is noteworthy that there is now 
a paucity of research on the relationship between heart fail-
ure in the older population and longitudinal changes in the 
derived TyG index. Thus, additional research is required in 
the future to validate the results of this study.

Strengths, limitations and future directions
The study’s strengths lie in the following: First, the data 
were obtained from the National Basic Public Health 
Examination project, which was convenient for the 
promotion and verification of the study findings in the 
community population; second, serial follow-up data 
resources are beneficial for future observation and assess-
ment of the connection between derived TyG indexes 
and illness outcomes; third, this study examined for the 
first time any sex-specific variations in the relationship 
between derived TyG indexes and the risk of heart failure 
in the elderly Chinese, which offered novel viewpoints 
on how to create risk management plans tailored to the 
needs of various demographics. Nevertheless, the follow-
ing are the limitations of this study: First of all, because 
this is an observational study, causality cannot be estab-
lished, and there might be additional variables that could 
cause confusion. For instance, in our research,we did not 
account for the influence of socioeconomic status on the 
relationship between TyG combined obesity index and 
heart failure. Socioeconomic status is a recognized risk 
factor for cardiovascular disease occurrence, and this 
oversight may have led to an erroneous estimation of the 
association between the two in this study. Second, the 
study population, which was from a community in south-
west China, had a unique age and geographic makeup, 
which limited how broadly the results could be applied. 
Thirdly, certain confounding factors, such as the medica-
tion status of the study population, were not adequately 
controlled for; additionally, while the research outcomes 

are based on diagnoses from healthcare professionals, 
there still exist potential errors like diagnostic inaccura-
cies, recording mistakes, which could introduce biases in 
the study, leading to erroneous estimations of the rela-
tionship between the derived TyG index and the risk of 
heart failure occurrence. Finally, the study’s index only 
takes into account five years changes. Increased sample 
size, more thorough epidemiological data collection, and 
analysis of long-term monitoring data can all help future 
studies better understand the relationship between novel 
glycemic and lipid metabolic markers and heart failure.

Conclusion
This study analysed the association between the derived 
TyG indices incorporating obesity indicators in relation 
to the risk of HF in an elderly population in a commu-
nity setting. After adjustment for additional risk factors, 
the study found a non-linear association between TyG-
BMI and TyG-WC indices with the risk of heart failure 
in elderly population. Additionally, there was a signifi-
cant positive correlation between the occurrence of HF 
and TyG-WHtR levels exceeding a certain threshold. 
Although this study has some limitations, it provides 
compelling evidence to support the use of the derived 
TyG index as a valid tool to identify the risk of developing 
HF in older adults over a five-year period.
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