META-ANALYSIS

Biomolecules
& Biomedicine

Triglyceride-glucose index and the prognosis of patients
with heart failure: A meta-analysis

Zhaoxia Yu®, Wei Liu®, Bo Li®, Yutang Chen®, and Jian Li®*

The triglyceride-glucose index (TyGl) is a novel indicator of insulin resistance (IR), which has been associated with an increased risk of
cardiovascular diseases (CVDs). The aim of this meta-analysis was to determine the association between TyGl and the prognosis of
patients with heart failure (HF). Cohort studies relevant to the aim of the meta-analysis were retrieved by searching electronic
databases, including PubMed, Web of Science, and Embase. A random-effects model was used to combine the data, incorporating the
influence of between-study heterogeneity. Twelve studies involving 20,639 patients with HF were included. Pooled results showed
that compared to patients with the lowest category of TyGl at baseline, those with the highest TyGl index were associated with a
higher risk of all-cause mortality during follow-up (relative risk [RR] 1.71, 95% confidence interval [CI] 1.46-2.00; P < 0.001; I> = 55%).
Sensitivity analyses limited to studies after adjustment for confounding factors showed similar results (RR 1.89, 95% Cl 1.67-2.21;

P < 0.001; I = 13%). Subsequent meta-analyses also showed that a high TyGl at baseline was related to the incidence of
cardiovascular (CV) death (RR 1.87, 95% Cl 1.42-2.47; P < 0.001; I> = 57%), HF rehospitalization (RR 1.33, 95% C1 1.04-1.69; P < 0.02;
1> = 46%), and major adverse CV events (RR 1.69, 95% Cl 1.39-2.06; P < 0.001; 1> = 17%) during follow-up. In conclusion, a high TyGl

may be associated with a poor clinical prognosis for patients with HF.
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Introduction

Heart failure (HF) represents the advanced and terminal
stage of various cardiovascular diseases (CVDs) [1-3]. From
a pathophysiological perspective, HF is characterized by an
intrinsic deficiency in either the contraction or relaxation of
the myocardium, leading to the activation of neurohormonal
systems. This ultimately results in progressive deterioration
of cardiac function and inadequate circulation to peripheral
tissues [4]. With global aging and advancements in CVD treat-
ment strategies, it is anticipated that the number of HF patients
will continue to rise in the coming decades [5, 6]. Despite recent
therapeutic developments for HF, the prognosis remains unfa-
vorable for affected individuals [7]. Consequently, there is a
crucial need to identify novel prognostic indicators for patients
with HF.

Insulin resistance (IR) has been linked to the onset and pro-
gression of HF through its promotion of low-grade systemic
inflammation, oxidative stress, and endothelial dysfunction [8].
Recent studies have proposed that the triglyceride-glucose
index (TyGI), a metric derived from fasting plasma glucose
(FPG) and triglyceride (TG) levels, can serve as an effective
indicator of IR [9]. The TyGI has demonstrated a strong corre-
lation with hyperinsulinemic-euglycemic clamp results, which
are considered the gold standard for assessing IR [10-12].

Furthermore, mounting evidence suggests that a high TyGI is
associated with an increased risk of CVD, including HF, in the
general population [13-15]. However, prior research examining
the relationship between TyGI and the prognosis of HF patients
has produced inconclusive findings [16-27]. To address this gap,
we conducted a meta-analysis to investigate the association
between TyGlI and the prognosis of patients with HF.

Materials and methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (2020) [28,29] was fol-
lowed in this study. The Cochrane Handbook [30] for system-
atic review and meta-analysis was referenced throughout the
study.

Literature analysis

Three major electronic databases—PubMed, Web of Science,
and Embase—were used for the literature search, with pre-
defined combined search terms including: (1) “TyG index”
OR “triglyceride-glucose index” OR “triglyceride and glucose
index” OR “triglyceride glucose index” OR “triacylglycerol glu-
cose index” OR “TyGl,” combined with (2) “heart failure” OR
“cardiac failure” OR “cardiac dysfunction.” Only studies involv-
ing human subjects and published in English were included. A
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second-round reference check of relevant articles was also con-
ducted. The final database search was completed on January 12,
2024.

Inclusion and exclusion criteria
The inclusion criteria were based on the PICOS principle:

(1) P (Patients): Individuals with a confirmed diagnosis
of HF.

(2) I (Intervention): TyGI was measured at baseline accord-
ing to the formula In [TG (mg/dl) x FPG (mg/dl)]/2, with
a high TyGI at baseline considered the exposure. The
cutoff for defining a high TyGI was consistent with values
used in the original studies. Baseline TyGI refers to the
TyGI measured at admission for patients with hospital-
ized HF (typically acute HF [AHF]) and TyGI measured
at enrollment for stable HF patients (typically chronic
HF [CHF]).

(3) C(Comparison): Patients with a low baseline TyGI were
considered the control group.

(4) O (Outcome): The primary outcome was the incidence of
all-cause mortality during follow-up, compared between
HF patients with the highest vs the lowest TyGI category
at baseline. Secondary outcomes included the incidence
of cardiovascular (CV) death, HF-related rehospitaliza-
tion, and the composite outcome of major adverse CV
events (MACE).

(5) S(Study design): Cohort studies, including both prospec-
tive and retrospective designs.

We excluded reviews, meta-analyses, studies analyzing TyGI
as a continuous variable only, or studies lacking outcomes rele-
vant to this meta-analysis, such as all-cause mortality, CV death,
HF rehospitalization, and MACE. In cases of potential overlap in
patient populations across multiple studies, only the study with
the largest sample size was included.

Data collection and quality assessment

Two independent authors conducted a thorough search of aca-
demic literature, performed data collection and analysis, and
assessed the quality of the studies. Any discrepancies were
resolved through discussion with the corresponding author to
reach a final decision. Data on study details, design, patient
diagnoses, sample size, age, sex, diabetic status, TyGI cutoffs,
follow-up duration, reported outcomes, and variables adjusted
inthe regression models assessing the association between TyGI
and clinical outcomes in HF patients were gathered. Study qual-
ity was assessed using the Newcastle-Ottawa Scale (NOS) [31],
which involves scoring based on criteria, such as participant
selection, group comparability, and outcome validity. The scale
rates studies from1to 9 stars, with higher stars indicating better
quality.

Ethical statement

Ethical approval was not required for this study in accor-
dance with local/national guidelines. Written informed con-
sent to participate was also not required under local/national
regulations.
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Statistical analysis

The association between TyGI and clinical outcomes in HF
patients was presented using relative risk (RR) and correspond-
ing 95% confidence intervals (CIs), comparing patients with the
highest vs the lowest baseline TyGI. RRs and standard errors
were calculated from the 95% CIs or P values, followed by log-
arithmic transformation to stabilize variance and normalize
distribution [30]. Heterogeneity among studies was assessed
using the Cochrane Q test and I statistic [32, 33], with I? > 50%
indicating significant heterogeneity. A random-effects model
was used for result aggregation considering the influence of
clinical heterogeneity among the included studies [30], such
as differences in HF type (acute/chronic), TyGI cutoffs, and
follow-up duration. For the primary outcome of all-cause mor-
tality, sensitivity analysis was limited to studies with multi-
variate analyses that adjusted for potential confounding fac-
tors. Multiple subgroup analyses were conducted to evaluate
the influence of study characteristics, including HF type (acute
vs chronic), reduced or preserved ejection fraction (HFrEF vs
HFpEF), diabetes status, TyGI cutoffs, follow-up duration, and
NOS ratings on the results. Medians of continuous variables
were used to define subgroup cutoffs. For characteristics pre-
sented as continuous variables, such as the sample size, mean
age, proportion of male or diabetic patients, and follow-up dura-
tion, a univariate meta-regression analysis was performed [30].
Publication bias was assessed through visual inspection of fun-
nel plots for symmetry, followed by Egger’s regression test [34],
where P < 0.05 indicated statistical significance. All analyses
were conducted using RevMan Version 5.1 (Cochrane Collabo-
ration, Oxford, UK) and Stata software version 12 (Stata Corpo-
ration, College Station, TX, USA).

Results

Study inclusion

The process of selecting relevant studies for inclusion in the
meta-analysis is depicted in Figurel. Initially, 342 poten-
tially pertinent records were identified through comprehen-
sive searches of three databases. Of these, 85 were excluded
due to duplication. Subsequent screening of titles and abstracts
led to the exclusion of an additional 236 studies that did not
align with the objectives of the meta-analysis. The full texts
of the remaining 21 records were independently reviewed by
two authors, resulting in the removal of nine studies for var-
ious reasons detailed in Figure 1. Ultimately, 12 cohort studies
were included [16-27] and deemed suitable for quantitative
analysis.

Overview of the studies’ characteristics

Table1 provides a summary of the characteristics of the
included studies. In total, one prospective cohort study [25] and
11 retrospective cohort studies [16-24, 26, 27] were included in
the meta-analysis. These studies, published between 2021 and
2024, were performed in China, Portugal, Turkey, Japan, and
the United States. All studies involved adult populations with
HF, with patients’ mean ages ranging from 60.3 to 81.0 years.
The methods for defining the cutoff for the TyGI varied among
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Figure 1.

studies, using the median [16, 27], tertiles [17-19, 22, 25, 26],
and quartiles [20, 21, 23, 24] of TyGI in the respective patient
populations. The cutoff value for a high TyGI ranged from
8.65 to 13.2. Follow-up durations varied from within hos-
pitalization to 60 months. The primary outcome, all-cause
mortality, was reported in 11 studies [17-27], while secondary
outcomes such as CV death, HF rehospitalization, and MACE
were reported in four [17,19, 25, 26], three [17, 20, 25], and
three studies [19,21,23], respectively. Univariate analyses
were used in three studies to report the association between
TyGI and clinical outcomes in HF patients [16, 21, 24], while
multivariate analyses were employed in the remaining nine
studies [17-20, 22, 23, 25-27]. Variables, such as age, sex, hemo-
dynamic parameters, comorbidities, ejection fraction, and con-
current medications were adjusted to varying extents across
the studies. The NOS scores for the included studies ranged
from 6 to 9 stars, indicating overall moderate to good quality
(Table 2).
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(n=0)

Records excluded:
Not in patients with HF
(n=15)
Not studies with longitudinal
follow-up (n=1)
TyGl not as exposure (n= 1)
TyGl as continuous variable
(n=1)
Studies with overlapped
patients (n=1)

Process of conducting literature search and identifying studies. TyGl: Triglyceride-glucose index; HF: Heart failure.

Meta-analysis for the association between TyGl and all-cause
mortality

Pooled results from 11 cohorts [17-27] using a random-effects
model indicated that patients with the highest baseline TyGI
had a significantly higher risk of all-cause mortality during
follow-up compared to those with the lowest TyGI (RR = 1.71,
95% CI 1.46-2.00; P < 0.001; Figure 2A), with moderate statis-
tical heterogeneity (I* = 55%). A sensitivity analysis limited to
studies with multivariate adjustments for confounding factors
showed similar results (RR = 1.89, 95% CI 1.67-2.21; P < 0.001;
Figure 2B), while between-study heterogeneity was notably
reduced (I> = 13%). Subsequent subgroup analyses did not
reveal significant differences between patients with AHF and
CHEF (P for subgroup difference = 0.33; Figure 3A), or between
those with HFrEF and HFpEF (P for subgroup difference = 0.92;
Figure 3B). Additionally, there were no significant differences
between diabetic and non-diabetic patients (P for subgroup
difference = 0.78; Figure 4A), between studies with different
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Representa-

tiveness of  Selection of the

the exposed  non-exposed Ascertainment
cohort cohort of exposure

Outcome not
present at

Study baseline

age and sex

Control
for other
Control for confounding Assessment follow-up
factors  of outcome duration

Enough long Adequacy of
follow-up of

cohorts Total

Guo 0 1 1 1
etal,
2021[17]

1 1 1 1 1 8

Cunha 0 1 1 1
etal,
2021[16]

Huang 0 1 1 1
etal,
2022[19]

Han 1 1 1 1
etal.,
2022[18]

Shi 0 1 1 1
etal,
2022[20]

Ozcan 0 1 1 1
etal,
2023[22]

Zhou 1 1 1 1
etal,
2023[25]

Zhou 1 1 1 1
etal,
2023[26]

Yang 1 1 1 1
etal,
2023 [24]

Iwakura 0 1 1 1
etal,
2023[21]

Sun 0 1 1 1
etal,
2023 (23]

Cheng 0 1 1 1
etal,
2024[27]

TyGI cutoffs (P for subgroup difference = 0.78; Figure 4B),
between studies with varying follow-up durations (P for sub-
group difference = 0.62; Figure 5A), or across study quality
scores (P for subgroup difference = 0.27; Figure 5B). Univari-
ate meta-regression analyses further showed that study char-
acteristics such as sample size, mean age, proportion of male
participants, proportion of diabetic patients, and follow-up
duration did not significantly modify the association between
TyGI and all-cause mortality in HF patients (P all > 0.05;
Table 3).

Meta-analysis for the association between TyGl and other
clinical outcomes

Pooled results from four studies [17,19,25,26] indicated
that a high baseline TyGI was associated with an increased
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risk of CV death (RR = 1.87, 95% CI 1.42-2.47; P < 0.001;
P = 57%; Figure 6A). Similarly, pooled results from three
studies [17,20,25] showed an association between high
TyGI and HF rehospitalization (RR = 1.33, 95% CI 1.04-1.69;
P = 0.02; I> = 46%; Figure 6B). Additionally, results from
three studies [19, 21, 23] demonstrated a significant relationship
between high TyGI and the incidence of MACE (RR = 1.69, 95%
CI1.39-2.06; P < 0.001; I? = 17%; Figure 6C) during follow-up.

Publication bias

The funnel plots for the meta-analysis of the association
between the TyGI and all-cause mortality in HF patients are
presented in Figure 7. The symmetrical nature of the funnel
plots suggests a low likelihood of publication bias. Additionally,
Egger’s regression test confirmed a low risk of publication bias
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Figure 2. Forest plots for the meta-analysis of the association between TyGl and all-cause mortality in patients with HF. (A) Forest plot for the

overall meta-analysis; (B) Forest plot for the sensitivity analysis limited to studies with adjustment for confounding factors. TyGl: Triglyceride-glucose

index; HF: Heart failure; Cl: Confidence interval.

(P = 0.91). However, publication bias could not be assessed
for the meta-analyses of the three secondary outcomes, as they
included only three or four studies.

Discussion

This meta-analysis, which included 12 cohort studies, found
that patients with HF and a high baseline TyGI had an
elevated risk of all-cause mortality during follow-up. Sensitiv-
ity analysis confirmed that this association remained signif-
icant even after adjusting for potential confounding factors.
Subgroup and meta-regression analyses revealed no signifi-
cant differences in the association between patients with AHF
and CHF, between HFrEF and HFpEF, or between diabetic and
non-diabetic patients. Study characteristics such as sample size,
mean age, proportion of men, methods for determining the TyGI
cutoff, follow-up duration, and study quality scores did not
significantly affect this association. Furthermore, our analysis
suggested that a high baseline TyGI in HF patients was also asso-
ciated with an increased risk of CV death, HF rehospitalization,
and MACE during follow-up. In conclusion, this meta-analysis
suggests a potential relationship between high TyGI levels and
poor clinical outcomes in HF patients.
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This meta-analysis may be the first to comprehensively eval-
uate the link between baseline TyGI and clinical outcomes in HF
patients. It is important to acknowledge several methodologi-
cal strengths before interpreting the findings. We conducted a
thorough search of three widely used electronic databases and
identified 12 relevant cohort studies for analysis. By focusing
exclusively on cohort studies, the meta-analysis was able to
establish a longitudinal relationship between high TyGI and
poor prognosis in these patients. Moreover, the sensitivity
analysis, which focused on studies with multivariate adjust-
ments for all-cause mortality, showed consistent results and
significantly reduced between-study heterogeneity (I* from
55% to 13%). These findings support an independent associ-
ation between high TyGI and increased all-cause mortality
risk in HF patients. Additionally, the reduction in I? during
the sensitivity analysis indicates that univariate analyses may
have been a key contributor to heterogeneity. The additional
subgroup and meta-regression analyses further strengthened
the evidence linking high TyGI to an elevated risk of overall
mortality in HF patients. Despite the limited number of stud-
ies, our meta-analyses also demonstrated that a high baseline
TyGI was associated with an increased risk of CV death, HF
rehospitalization, and MACE during follow-up. Collectively,
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A Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% CI
1.3.1 AHF
Huang 2022 0.73716407 0.27039118 6.2% 2.09[1.23, 3.55] I
Han 2022 0.73236789 0.24543374 71% 2.08 [1.29, 3.36] -
Zhou 2023a 0.37156356 0.12939995 13.5% 1.45[1.13, 1.87] i
Yang 2023 0.28517894 0.39001465 3.5% 1.33[0.62, 2.86] 1
Iwakura 2023 0.3220835 0.11551307 14.6% 1.38 [1.10, 1.73] -
Cheng 2024 0.80647587 0.13178299 13.3% 2.24 [1.73, 2.90] .
Subtotal (95% ClI) 58.2% 1.71 [1.39, 2.11] 2

Heterogeneity: Tau? = 0.03; Chi? = 10.71, df = 5 (P = 0.06); * = 53%
Test for overall effect: Z=5.01 (P < 0.00001)

1.3.2 CHF
Cunha 2021 0.07696104 0.17348855 10.6% 1.08 [0.77, 1.52] T

Zhou 2023b 0.60976557 0.06778142 18.1% 1.84 [1.61, 2.10] -
Subtotal (95% Cl) 28.7% 1.44 [0.86, 2.43] >

Heterogeneity: Tau? = 0.12; Chi? = 8.18, df = 1 (P = 0.004); /> = 88%
Test for overall effect: Z =1.38 (P =0.17)

1.3.3 Unspecified

Shi 2022 051282363 0.50620739  2.2% 1.67 [0.62, 4.50] —=
Ozcan 2023 1.35583515 0.67005552 1.3%  3.88[1.04, 14.43] —
Sun 2023 0.77932488 0.19168778  9.5% 2.18[1.50, 3.17] =
Subtotal (95% Cl) 13.1% 2.20 [1.56, 3.08] <

Heterogeneity: Tau? = 0.00; Chi? = 1.02, df = 2 (P = 0.60); = 0%
Test for overall effect: Z = 4.54 (P < 0.00001)

Total (95% CI) 100.0% 1.71 [1.46, 2.00] ¢
Heterogeneity: Tau? = 0.03; Chiz = 22.14, df = 10 (P = 0.01); 2 = 55% —t— —t

Test for overall effect: Z = 6.66 (P < 0.00001) 0104 09 9 2 ¥ 10
Test for subaroup differences: Chiz =2.23. df =2 (P =0.33). #=10.2%

Risk Ratio Risk Ratio

B Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% ClI
1.4.1 HFrEF
Han 2022 0.73236789 0.21668278 14.5% 2.08[1.36, 3.18] -
Ozcan 2023 1.35583515 0.67005552  4.9% 3.88[1.04, 14.43] -
Zhou 2023b 0.14842001 0.11057116  17.4% 1.16 [0.93, 1.44] ™
Subtotal (95% Cl) 36.7% 1.72[0.97, 3.05] .
Heterogeneity: Tau? = 0.17; Chi? = 8.34, df =2 (P = 0.02); ?# = 76%
Test for overall effect: Z = 1.87 (P =0.06)
1.4.2 HFpEF
Han 2022 0.48242615 0.31116242 11.6% 1.62[0.88, 2.98] T
Zhou 2023a 0.37156356 0.12939995 16.9% 1.45[1.13, 1.87] -
Zhou 2023b 1.12167756 0.11056404 17.4% 3.07 [2.47, 3.81] -
Iwakura 2023 0.3220835 0.11551307 17.3% 1.38 [1.10, 1.73] =
Subtotal (95% Cl) 63.3% 1.79 [1.14, 2.81] <>
Heterogeneity: Tau? = 0.18; Chi? = 31.09, df = 3 (P < 0.00001); P = 90%
Test for overall effect: Z =2.55 (P =0.01)
Total (95% Cl) 100.0% 1.76 [1.26, 2.47] ‘

Heterogeneity: Tau? = 0.16; Chi? = 47.69, df = 6 (P < 0.00001); > = 87%
Test for overall effect: Z = 3.29 (P =0.0010)
Test for subaroup differences: Chi2 = 0.01. df =1 (P =0.92). P = 0%
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Figure 3. Forest plots for the subgroup analyses of the association between TyGl and all-cause mortality of patients with HF. (A) Forest plot for the
subgroup analysis of acute versus chronic HF; (B) Forest plot for the subgroup analysis of HFrEF versus HFpEF. HF: Heart failure; AHF: Acute heart failure;
CHF: Chronic heart failure; HFrEF: Heart failure with reduced ejection fraction; HFpEF: Heart failure preserved ejection fraction; Cl: Confidence interval.
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A Risk Ratio
r r log[Risk Rati E Weight 1V, Random, 95%
1.5.1 DM
Huang 2022 0.45742485 0.39396717  2.3% 1.568[0.73, 3.42]
Han 2022 0.49469624 0.20764889  7.3% 1.64 [1.09, 2.46]
Zhou 2023a 0.42526774 0.17565038  9.5% 1.563[1.08, 2.16]
Zhou 2023b 0.66782937 0.08054291 24.0% 1.95[1.67, 2.28]
Subtotal (95% CI) 43.1% 1.83 [1.61, 2.10]
Heterogeneity: Tau? = 0.00; Chi? = 2.08, df =3 (P = 0.56); = 0%
Test for overall effect: Z = 8.92 (P < 0.00001)
1.5.2 Non-DM
Huang 2022 0.70309751 0.30137716  3.8% 2.02[1.12, 3.65]
Han 2022 0.74668795  0.209288  7.2% 2.11[1.40, 3.18]
Zhou 2023a 0.3074847 0.15439676 11.5% 1.36 [1.00, 1.84]
Zhou 2023b 0.43178242 0.09733663 20.2% 1.54 [1.27, 1.86]
Cheng 2024 0.80647587 0.13178299 14.3% 2.24[1.73, 2.90]
Subtotal (95% ClI) 56.9% 1.77 [1.44, 2.18]
Heterogeneity: Tau? = 0.03; Chi? = 8.86, df = 4 (P = 0.06); P = 55%
Test for overall effect: Z = 5.38 (P < 0.00001)
Total (95% CI) 100.0% 1.76 [1.56, 1.99]
Heterogeneity: Tau? = 0.01; Chi? = 11.40, df = 8 (P=0.18); = 30%
Test for overall effect: Z =9.15 (P < 0.00001)
Test for subaroup differences: Chi?2 = 0.08. df =1 (P =0.78). = 0%
B Risk Ratio
r r log[Risk Rati E Weight |V, Random, 959
1.6.1 Median
Cunha 2021 0.07696104 0.17348855 10.6% 1.08 [0.77, 1.52]
Cheng 2024 0.80647587 0.13178299 13.3% 2.24[1.73, 2.90]
Subtotal (95% CI) 23.9% 1.57 [0.77, 3.21]
Heterogeneity: Tau? = 0.24; Chi? = 11.21, df = 1 (P = 0.0008); » = 91%
Test for overall effect: Z = 1.24 (P = 0.22)
1.6.2T3:T1
Huang 2022 0.73716407 0.27039118  6.2% 2.09[1.23, 3.55]
Han 2022 0.73236789 0.24543374  7.1% 2.08 [1.29, 3.36]
Ozcan 2023 1.35583515 0.67005552  1.3% 3.88 [1.04, 14.43]
Zhou 2023a 0.37156356 0.12939995 13.5% 1.45[1.13, 1.87]
Zhou 2023b 0.60976557 0.06778142 18.1% 1.84 [1.61, 2.10]
Subtotal (95% ClI) 46.3% 1.78 [1.53, 2.07]
Heterogeneity: Tau? = 0.01; Chi? = 4.85, df =4 (P = 0.30); # = 18%
Test for overall effect: Z =7.52 (P < 0.00001)
1.6.3 Q4:Q1
Shi 2022 0.51282363 0.50620739  2.2% 1.67 [0.62, 4.50]
Yang 2023 0.28517894 0.39001465  3.5% 1.33[0.62, 2.86]
Iwakura 2023 0.3220835 0.11551307 14.6% 1.38[1.10, 1.73]
Sun 2023 0.77932488 0.19168778  9.5% 2.18[1.50, 3.17]
Subtotal (95% CI) 29.8% 1.61[1.23, 2.11]
Heterogeneity: Tau? = 0.02; Chi? = 4.35, df =3 (P=0.23); P =31%
Test for overall effect: Z = 3.43 (P = 0.0006)
Total (95% CI) 100.0% 1.71 [1.46, 2.00]
Heterogeneity: Tau? = 0.03; Chi? = 22.14, df = 10 (P = 0.01); = 55%
Test for overall effect: Z = 6.66 (P < 0.00001)
Test for subaroup differences: Chi2 = 0.50. df =2 (P =0.78). = 0%
Figure 4. Forest plots for the subgroup analyses of the association between TyGl and all-cause mortality of patients with HF. (A) Forest plot for the

subgroup analysis based on the diabetic status of the patients; (B) Forest plots for the subgroup analysis based on the methods for determining the TyGl
cutoffs. TyGl: Triglyceride-glucose index; HF: Heart failure; DM: Diabetes melitus; T: Tertile; Q: Quartile; Cl: Confidence interval.
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Risk Ratio Risk Ratio
r r log[Risk Rati E Weight 1V, Random, 95% CI IV, Random, 95% CI

1.7.1 < 24 months
Huang 2022 0.73716407 0.27039118 6.2% 2.09[1.23, 3.55] -
Han 2022 0.73236789 0.24543374 71% 2.08 [1.29, 3.36] -
Shi 2022 0.51282363 0.50620739 2.2% 1.67 [0.62, 4.50] -
Yang 2023 0.28517894 0.39001465 3.5% 1.33[0.62, 2.86]
lwakura 2023 0.3220835 0.11551307 14.6% 1.38 [1.10, 1.73] -
Cheng 2024 0.80647587 0.13178299 13.3% 2.24 [1.73, 2.90] %
Subtotal (95% CI) 46.9% 1.79 [1.41, 2.27] ’

Heterogeneity: Tau? = 0.04; Chi*=9.17, df =5 (P = 0.10); ? = 45%
Test for overall effect: Z = 4.82 (P < 0.00001)

1.7.2 24 months or longer

Cunha 2021 0.07696104 0.17348855 10.6% 1.08 [0.77, 1.52] il
Ozcan 2023 1.35583515 0.67005552 1.3% 3.88 [1.04, 14.43]

Zhou 2023a 0.37156356 0.12939995 13.5% 1.45[1.13, 1.87] .
Zhou 2023b 0.60976557 0.06778142 18.1% 1.84[1.61, 2.10] -
Sun 2023 0.77932488 0.19168778  9.5% 2.18 [1.50, 3.17] _'_
Subtotal (95% Cl) 53.1% 1.64 [1.28, 2.11] L 2
Heterogeneity: Tau? = 0.05; Chiz2 = 12.91, df =4 (P=0.01); = 69%

Test for overall effect: Z = 3.86 (P = 0.0001)

Total (95% ClI) 100.0% 1.71 [1.46, 2.00] ¢

Heterogeneity: Tau? = 0.03; Chi? = 22.14, df = 10 (P = 0.01); = 55%

0102 05 1 2

Test for overall effect: Z = 6.66 (P < 0.00001)
Test for subaroup differences: Chi?2 = 0.25. df =1 (P = 0.62). * = 0%
Risk Ratio Risk Ratio

r r | i i E Weigh V. ndom, 95% ClI IV ndom, 95% CI
1.8.1 NOS = 6~7
Cunha 2021 0.07696104 0.17348855 10.6% 1.08 [0.77, 1.52] il
Shi 2022 0.51282363 0.50620739 2.2% 1.67 [0.62, 4.50] -
Yang 2023 0.28517894 0.39001465  3.5% 1.33[0.62, 2.86] 1
Iwakura 2023 0.3220835 0.11551307 14.6% 1.38[1.10, 1.73] -
Cheng 2024 0.80647587 0.13178299 13.3% 2.24[1.73, 2.90] =
Subtotal (95% ClI) 44.2% 1.50 [1.09, 2.07] <&
Heterogeneity: Tau? = 0.08; Chi? = 13.33, df =4 (P = 0.010); * = 70%
Test for overall effect: Z =2.50 (P = 0.01)
1.8.2 NOS =8~9
Huang 2022 0.73716407 0.27039118  6.2% 2.09[1.23, 3.55] -
Han 2022 0.73236789 0.24543374  7.1% 2.08[1.29, 3.36] -
Ozcan 2023 1.35583515 0.67005552 1.3% 3.88 [1.04, 14.43] -
Zhou 2023a 0.37156356 0.12939995 13.5% 1.45[1.13, 1.87] -
Zhou 2023b 0.60976557 0.06778142 18.1% 1.84 [1.61, 2.10] -
Sun 2023 0.77932488 0.19168778  9.5% 2.18[1.50, 3.17] -
Subtotal (95% Cl) 55.8% 1.82 [1.59, 2.09] ¢
Heterogeneity: Tau? = 0.00; Chi? = 5.83, df =5 (P =0.32); ? = 14%
Test for overall effect: Z = 8.73 (P < 0.00001)
Total (95% Cl) 100.0% 1.71 [1.46, 2.00] ¢
Heterogeneity: Tau? = 0.03; Chi2 = 22.14, df = 10 (P = 0.01); P = 55% 0* " 042 0=5 q 2 5 150

Test for overall effect: Z = 6.66 (P < 0.00001)
Test for subaroup differences: Chi2=1.21.df =1 (P =0.27). P =17.2%

Figure 5. Forest plots for the subgroup analyses of the association between TyGl and all-cause mortality of patients with HF. (A) Forest plot for the
subgroup analysis based on the follow-up duration; (B) Forest plot for the subgroup analysis according to the study quality scores. TyGl: Triglyceride-glucose
index; HF: Heart failure; NOS: Newcastle-Ottawa Scale; Cl: Confidence interval.
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Table 3. Univariate meta-regression analysis for the outcome of all-cause mortality

Variables RR for the association between TyGl and all-cause mortality of HF patients
Coefficient 95% ClI P values
Sample size 0.000035 -0.000054 to 0.000123 0.40
Mean age (years) -0.017 -0.043t0 0.009 0.16
Male participants (%) 0.0055 -0.0107 to 0.0218 0.46
Diabetes (%) -0.0081 -0.0213 t0 0.0051 0.20
Follow-up duration (months) -0.0048 -0.0140 to 0.0044 0.27
TyGl: Triglyceride-glucose index; RR: Risk ratio; Cl: Confidence interval; HF: Heart failure.
A Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
Guo 2021 1.4861397 0.55552185 5.8% 4.42[1.49, 13.13]
Huang 2022 0.83724752 0.30955397 14.9% 2.31[1.26, 4.24] -
Zhou 2023a 0.36464311 0.12802473 36.3% 1.44[1.12, 1.85] -
Zhou 2023b 0.66268797 0.08783906 43.0% 1.94 [1.63, 2.30] L
Total (95% Cl) 100.0% 1.87 [1.42, 2.47] <&
Heterogeneity: Tau? = 0.04; Chi? = 7.02, df = 3 (P = 0.07); # = 57% — f ‘ —
Test for overall effect: Z = 4.43 (P < 0.00001) O D= 05 5 2 S0
Risk Ratio Risk Ratio
B udv o atio = eigh 1 0 aom, 950& QI
Guo 2021 0.60976557 0.23462578 19.7% 1.84 [1.16, 2.91] w
Shi 2022 0.07696104 0.15346428 33.7% 1.08 [0.80, 1.46] =
Zhou 2023a 0.29266961 0.10576469 46.6% 1.34[1.09, 1.65] L
Total (95% Cl) 100.0% 1.33[1.04, 1.69] -
Heterogeneity: Tau? = 0.02; Chiz = 3.73, df = 2 (P = 0.16); 2 = 46% 0’5 0’7 1 1* s 2
Test for overall effect: Z = 2.31 (P = 0.02) ’ ’ ’
Risk Ratio Risk Ratio
C _study or Subaroup __log[Risk Ratio] SE_Weight 1V, Random, 95% Cl IV, Random, 95% ClI
Huang 2022 0.60431597 0.23888409 15.8% 1.83[1.15, 2.92] '
Iwakura 2023 0.36464311 0.1367249 41.1% 1.44 [1.10, 1.88] =
Sun 2023 0.65232519 0.13271444 43.1% 1.92[1.48, 2.49] .
Total (95% Cl) 100.0% 1.69 [1.39, 2.06] <>
Heterogeneity: Tau? = 0.01; Chi2=2.41,df =2 (P =0.30); P =17% 055 057 1 155 é
Test for overall effect: Z = 5.31 (P < 0.00001) o ’
Figure 6. Forest plots for the meta-analysis of the association between TyGl and the other clinical outcomes in patients with HF. (A) Forest plot for

the association between TyGl and CV death; (B) Forest plot for the association between TyGl and HF rehospitalization; (C) Forest plot for the association
between TyGl and MACE. TyGl: Triglyceride-glucose index; HF: Heart failure; CV: Cardiovascular; MACE: Major adverse cardiovascular events; Cl: Confidence

interval.

these results suggest that high TyGI could serve as an indicator
of unfavorable prognosis for individuals with HF.

Several studies have highlighted the advantages of TyGI as
anew indicator of IR. The hyperinsulinemic-euglycemic clamp
test is considered the most accurate method for assessing IR,
but its complexity and high cost make it impractical for rou-
tine clinical use [35]. Alternative indices of IR, such as the
homeostatic model assessment of IR (HOMA-IR) and TyGI, are
more commonly used in clinical settings. While HOMA-IR is
frequently employed [36], TyGI has been proposed as a reliable

Yuetal
TyGl and prognosis of heart failure

surrogate marker for IR [37]. Although there is no consensus
on the optimal index for IR, a previous study suggested that
TyGI correlates more strongly with the hyperglycemic clamp
test results than HOMA-IR [38]. The TyGI can be easily calcu-
lated using routine biochemical measurements of TG and FPG
levels, without the need for insulin assays [9]. Compared to
the hyperinsulinemic-euglycemic clamp test, TyGI provides a
cost-effective and efficient method for assessing IR, with studies
validating its ability to reflect IR severity accurately. An early
study demonstrated that the TyG index effectively identifies
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Figure 7. Funnel plots for the assessment of publication bias in the

meta-analysis of the association between TyGl and all-cause mortality
in patients with HF. TyGl: Triglyceride-glucose index; HF: Heart failure.; RR:
Risk ratio.

individuals with IR in diverse populations, including healthy
individuals, obese individuals, and patients with diabetes [10].
The TyGI exhibited high sensitivity (96.5%) and specificity
(85.0%) compared to the hyperinsulinemic-euglycemic clamp
test [10]. Another study in patients with acute ischemic
stroke suggested that TyGI might perform better than HOMA-
IR [38], further supporting its practical utility as a prognostic
indicator.

The association between high TyGI and unfavorable prog-
nosis in HF patients may highlight the significant role of IR
in HF progression. In the myocardium, IR and the resulting
decrease in cardiac insulin metabolic signaling are increasingly
recognized as key contributors to HF development [39, 40].
Factors associated with IR in HF patients include oxidative
stress, elevated blood glucose, increased lipid levels, disrupted
adipokine/cytokine release, inappropriate activation of the
renin-angiotensin II-aldosterone system, and sympathetic ner-
vous system activation, all of which contribute to worsening
cardiac function [39, 40]. Additionally, recent research sug-
gests that cardiac IR can directly lead to mitochondrial dysfunc-
tion in cardiomyocytes, impairing cardiac metabolic flexibility
in HF cases [8, 41]. IR-induced endothelial dysfunction and lipo-
toxicity may further impair systolic and diastolic function in
cardiomyocytes [42], which is also likely to contribute to the
association between IR and poor prognosis of HF patients.
There is also growing evidence supporting the potential benefits
of metformin, a well-known antidiabetic drug targeting IR,
in patients with HF. A previous comprehensive analysis
revealed that diabetic patients with HF who used metformin
experienced a slight decrease in overall hospitalizations [43].
Another recent meta-analysis indicated that metformin could
potentially reduce the risk of all-cause mortality in patients
with HFpEF [44]. These findings further support the role of
IR as a prognostic factor and potential treatment target for
HF patients.

This study has several limitations. Eleven of the included
studies were retrospective, which may introduce biases
related to selection and recall, potentially affecting the results.
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Additionally, the meta-analysis protocol was not prospectively
registered in PROSPERO. Inconsistency in TyGI cutoff values
among the studies contributed to heterogeneity. Further
research is required to establish an optimal TyGI cutoff for
predicting poor prognosis in HF patients. Although sensitivity
analysis focused on studies with multivariate adjustments
showed consistent outcomes, unmeasured confounding factors
may still influence the results. For instance, none of the
included studies reported the methods used to measure FPG
and TG, which could affect the association between TyGI and
clinical outcomes in HF patients. Additionally, body mass
index (BMI), an indicator of obesity status, may influence
the association between baseline TyGI and HF prognosis.
However, only six studies reported mean BMI values at
baseline [17,19, 20, 23, 25, 26], preventing a thorough assess-
ment of BMI's impact. Future large-scale prospective studies
should address this gap. Lastly, the use of antidiabetic and
lipid-lowering medications may also influence the association
between baseline TyGI and HF prognosis. Unfortunately, none
of the included studies provided stratified data based on the
use of these medications, preventing a detailed assessment of
their impact. Due to the reliance on observational research, a
definitive causal link between high TyGI and poor prognosis in
HF patients could not be firmly established.

Conclusion

The findings of this meta-analysis indicate that patients with
HF who have a high baseline TyGI may face an increased risk of
adverse clinical outcomes during follow-up compared to those
with a low TyGI. Further confirmation through large prospec-
tive studies and investigation into the underlying mechanisms
is needed. Given the convenience and cost-effectiveness of this
parameter, TyGI holds potential as a prognostic marker for HF
patients.
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