Supplementary materials

Supplementary Table S1. STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

	[bookmark: bold1][bookmark: italic1][bookmark: bold2][bookmark: italic2][bookmark: bold3][bookmark: italic3][bookmark: bold4][bookmark: italic4][bookmark: italic5]
	Item No
	Recommendation
	(N/A)

	[bookmark: bold5][bookmark: italic6]Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	√

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	√

	[bookmark: bold7][bookmark: italic8]Introduction

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	√

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	√

	[bookmark: bold11][bookmark: italic12]Methods

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	√

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	√

	Participants
	6
	(a) Give the eligibility criteria, and the sources and methods of selection of participants
	√

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	√

	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	√

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
	√

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	√

	[bookmark: bold22][bookmark: italic22][bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	√

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	√

	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
	√

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
	√

	[bookmark: bold26][bookmark: italic28]
	
	(d) If applicable, describe analytical methods taking account of sampling strategy
	N/A

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	√

	[bookmark: bold28][bookmark: italic30]Results

	[bookmark: bold29][bookmark: italic31]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	√

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	√

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	√

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	√

	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	√

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Report numbers of outcome events or summary measures
	√

	[bookmark: italic40][bookmark: bold41]Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	√

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	√

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	N/A

	[bookmark: italic43][bookmark: bold44]Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
	√

	[bookmark: italic44][bookmark: bold45]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives
	√

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	√

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	√

	[bookmark: italic48][bookmark: bold49]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	√

	[bookmark: italic49][bookmark: bold50]Other information

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	√



*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
Supplementary Table S2. Sensitivity mediation analyses for the association between TyG index and LV global strain, with hierarchical adjustment for covariates.
	Mediator
	Dependent variable
	Covariates included
	Total effect
	Indirect effect
	Direct effect
	Mediated

	
	
	
	Coefficient (95% CI)
	Coefficient (95% CI)
	Coefficient (95% CI)
	%, (95% CI)

	










MEEi

	GRPS

	Unadjusted
	-3.770 (-5.264, -2.202)**
	-0.453 (-0.906, -0.095)*
	-3.317 (-4.601, -1.700)**
	12.0 (2.8, 32.1)

	
	
	Statin use
	-3.734 (-5.337, -2.130)**
	-0.385 (-0.844, -0.069)*
	-3.349 (-4.800, -1.632)**
	10.3 (1.9, 29.0)

	
	
	Age, sex, BMI, SBP, and Resting heart rate
	-3.857 (-5.543, -2.030)**
	-0.343 (-0.715, -0.078)*
	-3.514 (-5.110, -1.671)**
	8.9 (2.0, 22.2)

	
	
	Age, sex, BMI, SBP, and Resting heart rate, dyslipidemia, hypertension, HbA1c, antidiabetic medications, antihypertensive medication, duration of diabetes, and eGFR
	-3.527 (-5.451, -1.411)**
	-0.301 (-0.725, -0.038)*
	-3.226 (-5.084, -1.266)**
	8.5 (1.4, 27.9)

	
	GCPS

	Unadjusted
	1.598 (1.029, 2.110)**
	0.208 (0.069, 0.399)**
	1.390 (0.728, 1.840)**
	13.0 (4.2, 28.6)

	
	
	Statin use
	1.680 (1.102, 2.367)**
	0.179 (0.033, 0.363)*
	1.501 (0.836, 2.114)**
	10.6 (2.5, 23.7)

	
	
	Age, sex, BMI, SBP, and Resting heart rate
	1.681 (1.073, 2.369)**
	0.186 (0.027, 0.395)*
	1.495 (0.838, 2.134)**
	11.0 (1.9, 25.5)

	
	
	Age, sex, BMI, SBP, and Resting heart rate, dyslipidemia, hypertension, HbA1c, antidiabetic medications, antihypertensive medication, duration of diabetes, and eGFR
	1.815 (1.188, 2.548)**
	0.156 (0.012, 0.379)*
	1.658 (1.019, 2.369)**
	8.6 (0.7, 19.6)

	
	GLPS

	Unadjusted
	1.790 (1.396, 2.403)**
	0.234 (0.088, 0.478)**
	1.556 (1.200, 2.109)**
	13.1 (5.3, 22.3)

	
	
	Statin use
	1.787 (1.281, 2.582)**
	0.199 (0.050, 0.414)*
	1.588 (1.116, 2.288)**
	11.1 (2.5, 21.5)

	
	
	Age, sex, BMI, SBP, and Resting heart rate
	1.814 (1.285, 2.380)**
	0.194 (0.032, 0.388)*
	1.620 (1.047, 2.175)**
	10.7 (1.9, 22.8)

	
	
	Age, sex, BMI, SBP, and Resting heart rate, dyslipidemia, hypertension, HbA1c, antidiabetic medications, antihypertensive medication, duration of diabetes, and eGFR
	2.045 (1.465, 2.707)**
	0.168 (0.014, 0.454)*
	1.878 (1.357, 2.545)**
	8.2 (0.8, 21.1)

	













Upslope

	GRPS

	Unadjusted
	-3.743 (-5.217, -1.959)**
	-0.725 (-1.349, -0.236)**
	-3.018 (-4.439, -1.467)**
	19.4 (8.1, 38.1)

	
	
	Statin use
	-3.744 (-5.281, -2.225)**
	-0.471 (-0.974, -0.166)**
	-3.273 (-4.724, -1.716)**
	12.6 (4.2, 29.2)

	
	
	Age, sex, BMI, SBP, and Resting heart rate
	-3.759 (-5.495, -2.133)**
	-0.481 (-1.084, -0.135)*
	-3.278 (-4.999, -1.418)**
	12.8 (2.7, 31.3)

	
	
	Age, sex, BMI, SBP, and Resting heart rate, dyslipidemia, hypertension, HbA1c, antidiabetic medications, antihypertensive medication, duration of diabetes, and eGFR
	-3.891 (-5.356, -2.194)**
	-0.486 (-0.963, -0.123)**
	-3.405 (-4.698, -1.935)**
	12.5 (3.4, 25.1)

	
	



GCPS

	Unadjusted
	1.598 (0.845, 2.129)**
	0.215 (0.038, 0.424)**
	1.383 (0.686, 1.891)**
	13.5 (3.5, 31.2)

	
	
	Statin use
	1.699 (0.883, 2.386)**
	0.152 (0.028, 0.318)**
	1.547 (0.677, 2.168)**
	8.9 (2.0, 24.2)

	
	
	Age, sex, BMI, SBP, and Resting heart rate
	1.700 (1.148, 2.262)**
	0.155 (0.021, 0.361)**
	1.545 (1.010, 2.140)**
	9.1 (1.6, 21.9)

	
	
	Age, sex, BMI, SBP, and Resting heart rate, dyslipidemia, hypertension, HbA1c, antidiabetic medications, antihypertensive medication, duration of diabetes, and eGFR
	1.840 (1.136, 2.660)**
	0.086 (0.006, 0.298)*
	1.755 (1.058, 2.541)**
	4.6 (0.4, 16.2)

	
	GLPS

	Unadjusted
	1.782 (1.341, 2.230)**
	0.242 (0.079, 0.453)**
	1.540 (1.082, 2.046)**
	13.6 (4.9, 26.7)

	
	
	Statin use
	1.789 (1.290, 2.355)**
	0.158 (0.034, 0.338)*
	1.631 (1.106, 2.227)**
	8.8 (1.8, 19.9)

	
	
	Age, sex, BMI, SBP, and Resting heart rate
	1.817 (1.269, 2.487)**
	0.157 (0.030, 0.355)*
	1.661 (1.119, 2.370)**
	8.6 (1.5, 19.5)

	
	
	Age, sex, BMI, SBP, and Resting heart rate, dyslipidemia, hypertension, HbA1c, antidiabetic medications, antihypertensive medication, duration of diabetes, and eGFR
	2.038 (1.586, 2.629)**
	0.088 (0.005, 0.309)*
	1.950 (1.504, 2.562)**
	4.3 (0.2, 14.6)


Note: All models use 5 000 bootstrap samples, 95 % percentile Cis.
Models were progressively adjusted as follows: Unadjusted: no covariate adjustment; Statin use: adjusted for statin use alone; Demographic + clinical: adjusted for age, sex, BMI, SBP, and resting heart rate; Demographic + clinical: adjusted for age, sex, BMI, SBP, resting heart rate, dyslipidemia, hypertension, HbA1c, antidiabetic medications, antihypertensive medication, diabetes duration, and eGFR.
Abbreviations: TyG index, triglyceride glucose index; LV, left ventricular; MEEi, myocardial energetic efficiency index; GRPS, global radial peak strain; GCPS, global circumferential peak strain; GLPS, global longitudinal peak strain; BMI, body mass index; SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate. CI, confidence interval.
*p < 0.05; **p < 0.001.

Supplementary Table S3. Incremental value of the TyG index over its individual components.
	
	GRPS
	
	GCPS
	
	GLPS

	
	AIC
	BIC
	
	AIC
	BIC
	
	AIC
	BIC

	﻿Established risk model*
	956.20
	960.32
	
	732.95
	737.06
	
	713.17
	717.28

	Established risk model* + Ln (TG)&
	966.34
	977.05
	
	719.59
	730.29
	
	706.01
	716.71

	Established risk model + Ln (FBG)&
	952.18
	964.94
	
	760.42
	773.18
	
	744.08
	766.84

	Established risk model + Ln (TG) & + Ln (FBG)&
	415.26
	451.82
	
	387.54
	413.49
	
	346.16
	379.38

	Established risk model + TyG index
	552.06
	599.14
	
	535.75
	568.67
	
	433.97
	461.05


Note: *Established risk model included age, sex, BMI, SBP, resting heart rate, duration of diabetes, eGFR, HbA1c, medication history, and the history of hypertension and dyslipidemia.
&: TG and FBG were natural log‑transformed prior to analysis to maintain mathematical consistency with the TyG index (TyG = Ln[TG × FBG / 2] = Ln(TG) + Ln(FBG) − Ln(2)).  
Model fit was compared using AIC and BIC; lower values indicate better fit.
AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion.
Other abbreviations as in Tables 1 and 2.


Supplementary Table S4. Incremental value of MEEi beyond LV remodeling index.
	
	Likelihood Ratio χ²

	
	GRPS
	GCPS
	GLPS

	Established risk model + LV remodeling
	992.79
	1433.10
	960.00

	Established risk model + LV remodeling + MEEi
	978.80
	1412.88
	944.63

	Δχ²
	13.99
(Δdf = 1, P < 0.001)
	20.22
(Δdf = 1, P < 0.001)
	15.37
(Δdf = 1, P < 0.001)


Note: Established risk model included age, sex, BMI, SBP, resting heart rate, duration of diabetes, eGFR, HbA1c, medication history, and the history of hypertension and dyslipidemia.
The abbreviations as in Tables 1 and 2.

