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Figure S1. Logistic regression analysis of the effects of age and BMI on abnormal cardiac function in high-altitude migrant groups (N = 525). 
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Figure S2. Clinical data of cardiac function of the matched population for lipidomic analyses. (A–D) The plasma content of myocardial injury markers (CKMB, α-HBDH, LDH, and AST), in the matched population. (E) The representative parasternal long-axis view of cardiac ultrasound. (F–G) The ejection fraction (EF) and fractional shortening (FS) of the left ventricle. HCA vs. HCN: *, P < 0.05; ****, P < 0.0001.
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Figure S3. Validation of the PLS-DA model using permutation testing and 5-fold cross-validation. (A) Permutation distribution (n = 1000) of the test statistic. (B) Performance metrics (Accuracy, R², Q²) of the PLS-DA model evaluated by 5-fold cross-validation as a function of the number of components.
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Figure S4. Fatty acid chain characteristics of differential lipids (HC vs. PLAIN). (A) Number of fatty acid chains identified in the differential lipids by lipid class (bar color). (B) Log2 fold changes of significantly altered fatty acid chains in HC vs. PLAIN by lipid class (dot color). Each dot represents 1 fatty acid chain.






	Table S1. Demographics and baseline characteristics of the study populations

	Variables
	Plain
(N= 98)
	Highland
(N = 525)

	Age (years)
	
	

	Mean ± SD
	22.02 ± 1.79
	26.23 ± 4.32*

	Median (IQR)
	22.00 (21.00–23.00)
	26.00 (23.00–29.00)

	Range
	19.00–28.00
	19.00–45.00

	BMI
	
	

	Mean ± SD
	20.05 ± 1.20
	22.43 ± 2.53*

	Median (IQR)
	20.05 (19.37-20.76)
	22.04 (20.76–23.84)

	Range
	17.72–23.44
	16.96–46.28

	Duration of residence in Tibet (years)
	
	

	Mean ± SD
	
	6.12 ± 4.95

	Median (IQR)
	
	5.00 (3.00–8.00)

	Range
	
	1.00–30.00


[bookmark: _Hlk216378156]Note: BMI, body mass index; SD, standard deviation; IQR, interquartile range. *, P < 0.001 versus Plain.



























Table S2. Clinical biochemical data of the matching population
	Variables
	PLAIN
(N = 15)
	HC
(N = 30)
	HCN
(N = 15)
	HCA
(N = 15)
	P value a
	P value b

	Altitude（m）
	-
	4355.33 ± 72.24
	[bookmark: _Hlk206152290]4370.00 ± 0
	[bookmark: _Hlk206152401]4340.67 ± 101.73
	-
	0.3087

	Residence duration（year）
	-
	6.07 ± 2.38
	[bookmark: _Hlk206152328]6.13 ± 2.33
	[bookmark: _Hlk206152410]6.00 ± 2.51
	-
	0.8811

	Age（year）
	[bookmark: _Hlk206151053]23.87 ± 1.51
	24.47 ± 2.33
	[bookmark: _Hlk206151090]24.33 ± 2.29
	[bookmark: _Hlk206152419]24.60 ± 2.44
	0.2231
	0.76

	BMI（kg/m2）
	21.19 ± 0.73
	[bookmark: _Hlk206152096]22.27 ± 2.45
	[bookmark: _Hlk206152368]21.97 ± 1.59
	[bookmark: _Hlk206152429]22.58 ± 3.12
	0.201
	0.5107

	Glucose（mmol/L）
	4.24 ± 0.30
	3.06 ± 0.32
	3.17 ± 0.22
	2.94 ± 0.37
	<0.0001*
	0.0446*

	AST（U/L）
	15.19 ± 5.26
	30.57 ± 7.33
	27.71 ± 5.12
	33.43 ± 8.23
	<0.0001*
	0.0398*

	CK（U/L）
	104.08 ± 35.13
	192.10 ± 70.17
	207.33 ± 73.39
	176.87 ± 65.71
	0.0001*
	0.2056

	CK-MB（U/L）
	10.63 ± 2.82
	23.40 ± 10.32
	14.87 ± 3.29
	31.93 ± 7.33
	<0.0001*
	<0.0001*

	α-HBDH（U/L）
	114.27 ± 27.52
	255.31 ± 70.20
	201.20 ± 28.05
	313.29 ± 52.62
	<0.0001*
	<0.0001*

	LDH（U/L）
	140.80 ± 36.53
	231.14 ± 57.26
	187.40 ± 27.05
	278.00 ± 41.26
	<0.0001*
	<0.0001*

	APOA1（g/L）
	1.24 ± 0.31
	135.17 ± 23.31
	130.87 ± 23.57
	139.47 ± 23.04
	<0.0001*
	0.3209

	APOB（g/L）
	0.65 ± 0.21
	86.07 ± 23.75
	82.73 ± 14.70
	89.40 ± 30.47
	<0.0001*
	0.4542

	CHO（mmol/L）
	3.40 ± 1.22
	4.47 ± 0.84
	4.32 ± 0.57
	4.62 ± 1.04
	0.005*
	0.3424

	HDL（mmol/L）
	1.16 ± 0.34
	1.39 ± 0.24
	1.38 ± 0.27
	1.39 ± 0.21
	0.0128*
	0.9408

	LDL（mmol/L）
	2.12 ± 0.92
	2.98 ± 0.80
	2.88 ± 0.53
	3.08 ± 1.02
	0.0023*
	0.4972

	TG（mmol/L）
	0.77 ± 0.33
	1.27 ± 0.46
	1.16 ± 0.42
	1.38 ± 0.49
	0.0011*
	0.0928


Note: Data are expressed as mean ± SD. Differences between the two groups were tested with the two-sided Student's t-test, Welch's t-test, Wilcoxon rank-sum test, or Fisher's exact test. a: HC vs. PLAIN; b: HCN vs. HCA. *. P < 0.05 was considered significant.
















Table S3. The associations between specific differential lipids and high‑altitude‑related myocardial injury (β and OR estimates adjusting for age, BMI and glucose)
	Lipids
	β coefficients (CI)
	P_adj a
	ORs (CI)
	P_adj b

	Cer(t18:1/15:1)
	-1.87 (-2.87, -0.87)
	0.02 
	3.46×10⁻⁶ (1.32×10⁻¹¹, 1.97×10⁻²)
	0.04 

	PE(17:0_18:1)
	-1.69 (-2.93, -0.44)
	0.04 
	4.16×10⁻⁸ (2.05×10⁻¹⁵, 2.03×10⁻³)
	0.04 

	Cer(d18:2/22:0(2OH))
	-1.34 (-2.08, -0.60)
	0.02 
	1.32×10⁻⁴ (2.24×10⁻⁸, 5.74×10⁻²)
	0.04 

	HexCer(d16:1/18:0)
	-1.27 (-2.28, -0.26)
	0.05 
	4.35×10⁻⁵ (1.26×10⁻⁹, 7.37×10⁻²)
	0.04 

	Cer(t14:1/24:1(2OH))
	-1.26 (-2.07, -0.45)
	0.02 
	5.14×10⁻⁵ (3.21×10⁻⁹, 5.35×10⁻²)
	0.04 

	PE(18:1_20:4)
	-1.21 (-2.16, -0.26)
	0.05 
	1.65×10⁻⁴ (1.94×10⁻⁸, 1.05×10⁻¹)
	0.04 

	Cer(t20:0/18:2(2OH))
	-1.03 (-1.85, -0.21)
	0.05 
	5.00×10⁻⁴ (2.97×10⁻⁷, 1.39×10⁻¹)
	0.04 

	PS(20:4_20:4)
	-0.99 (-1.61, -0.38)
	0.02 
	3.34×10⁻⁵ (1.53×10⁻⁹, 1.72×10⁻²)
	0.04 

	PE(18:2_20:2)
	-0.90 (-1.55, -0.25)
	0.04 
	1.14×10⁻³ (1.40×10⁻⁶, 1.22×10⁻¹)
	0.04 

	Cer(t14:2/26:2)
	-0.90 (-1.48, -0.32)
	0.02 
	1.10×10⁻³ (1.19×10⁻⁶, 1.30×10⁻¹)
	0.04 

	PS(18:0_18:2)
	-0.35 (-0.58, -0.13)
	0.02 
	3.07×10⁻³ (4.63×10⁻⁶, 1.00×10⁻¹)
	0.04 

	PS(18:0_18:1)
	-0.32 (-0.56, -0.08)
	0.04 
	3.03×10⁻² (1.36×10⁻³, 2.38×10⁻¹)
	0.04 

	PC(15:1_18:1)
	-0.24 (-0.41, -0.06)
	0.04 
	6.29×10⁻² (5.15×10⁻³, 3.17×10⁻¹)
	0.04 

	MG(18:1)
	0.35 (0.10, 0.59)
	0.04 
	2.16×10¹ (2.96×10⁰, 4.14×10²)
	0.04 

	TG(15:0_16:0_18:1)
	1.08 (0.40, 1.76)
	0.02 
	3.50×10³ (9.06×10⁰, 1.94×10⁷)
	0.04 

	PC(O-16:1_20:5)
	1.35 (0.54, 2.15)
	0.02 
	3.24×10³ (6.87×10⁰, 1.37×10⁷)
	0.04 

	PE(O-16:0_18:1)
	1.36 (0.62, 2.09)
	0.02 
	1.74×10⁶ (1.42×10², 1.95×10¹³)
	0.04 

	LPC(17:1)
	2.42 (0.70, 4.14)
	0.04 
	6.87×10⁸ (4.01×10², 8.27×10¹⁷)
	0.04 

	HexCer(t14:1/24:1(2OH))
	-1.19 (-2.24, -0.14)
	0.06 
	1.65×10⁻⁷ (1.19×10⁻¹⁴, 5.05×10⁻³)
	0.04 

	PG(18:2_18:1)
	-1.02 (-2.02, -0.03)
	0.08 
	5.19×10⁻⁵ (1.53×10⁻⁹, 5.87×10⁻²)
	0.04 

	HexCer(t14:2/30:2(2OH))
	-0.99 (-1.80, -0.18)
	0.05 
	5.76×10⁻⁴ (4.53×10⁻⁷, 1.52×10⁻¹)
	0.04 

	HexCer(t22:1/16:1(2OH))
	-0.97 (-1.98, 0.03)
	0.09 
	2.54×10⁻⁵ (9.43×10⁻¹⁰, 4.23×10⁻²)
	0.04 

	HexCer(t18:2/20:0(2OH))
	-0.85 (-1.63, -0.07)
	0.07 
	1.72×10⁻⁸ (7.18×10⁻¹⁷, 1.47×10⁻³)
	0.04 

	HexCer(t17:1/16:0(2OH))
	-0.74 (-1.35, -0.12)
	0.05 
	2.31×10⁻³ (6.44×10⁻⁶, 1.75×10⁻¹)
	0.04 

	HexCer(t17:2/16:0(2OH))
	-0.63 (-1.52, 0.25)
	0.18 
	1.16×10⁻⁴ (5.17×10⁻⁹, 1.10×10⁻¹)
	0.04 

	FFA(34:0)
	0.16 (-0.02, 0.35)
	0.11 
	3.62×10⁰ (1.16×10⁰, 1.46×10¹)
	0.05 

	TG(8:0_16:0_18:2)
	0.29 (0.02, 0.57)
	0.07 
	5.42×10⁰ (1.01×10⁰, 4.34×10¹)
	0.07 

	TG(18:1_18:2_19:2)
	0.33 (-0.36, 1.01)
	0.36 
	1.23×10² (1.83×10⁰, 3.55×10⁴)
	0.06 

	FFA(34:1)
	0.33 (-0.14, 0.80)
	0.18 
	2.98×10¹ (1.48×10⁰, 2.15×10³)
	0.06 

	TG(14:0_16:0_20:4)
	0.53 (0.09, 0.96)
	0.05 
	2.01×10¹ (1.24×10⁰, 7.40×10²)
	0.06 

	DG(18:0_18:1)
	0.63 (-0.09, 1.35)
	0.11 
	6.60×10² (4.35×10⁰, 6.01×10⁵)
	0.04 

	TG(16:0_24:0_18:1)
	0.75 (-0.01, 1.51)
	0.08 
	3.39×10² (2.68×10⁰, 2.03×10⁵)
	0.05 

	FFA(24:0)
	0.83 (-0.08, 1.74)
	0.10 
	2.22×10³ (3.20×10⁰, 2.24×10⁷)
	0.06 

	LPI(16:0)
	0.99 (-0.15, 2.12)
	0.11 
	4.91×10² (6.16×10⁻¹, 3.49×10⁶)
	0.11 

	DG(16:0_20:4)
	1.01 (0.12, 1.91)
	0.06 
	6.05×10³ (1.17×10¹, 3.52×10⁷)
	0.04 

	LPI(18:1)
	1.24 (0.16, 2.32)
	0.06 
	2.30×10² (2.89×10⁻¹, 1.31×10⁶)
	0.15 

	TG(16:0_16:1_17:1)
	1.27 (-0.07, 2.62)
	0.09 
	5.25×10⁴ (6.70×10⁰, 1.12×10¹⁰)
	0.05 

	Carnitine C24:0
	1.28 (-0.10, 2.65)
	0.10 
	6.03×10³ (1.41×10⁰, 1.63×10⁸)
	0.06 

	LPI(20:4)
	1.74 (0.12, 3.36)
	0.07 
	1.54×10⁵ (3.52×10⁰, 5.27×10¹¹)
	0.06 

	Carnitine C17:0
	1.82 (0.21, 3.44)
	0.06 
	4.70×10⁵ (9.32×10⁰, 9.70×10¹¹)
	0.05 



	Table S4. Validation results for candidate lipid biomakers

	Validation Metric
	DG(16:0_20:4)
	PS(20:4_20:4)

	Original AUC
	0.822
	0.831

	Bootstrap 95% CI
	0.67–0.96
	0.67–0.95

	Optimism-corrected AUC
	0.819
	0.833

	LOOCV selection frequency
	20/30 (66.7%)
	13/30 (43.3%)

	LOOCV accuracy
	43.3%
	53.3%

	Hosmer-Lemeshow P-value
	0.235
	0.118

	Brier Score
	0.173
	0.174

	Calibration intercept
	0.000
	0.000

	Calibration slope
	1.000
	1.000

	P_adj (FDR correction)
	< 0.05
	< 0.05
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