Supplementary Material
Low plasma trimethylamine N-oxide is associated with vitamin D deficiency: toward a U-shaped TMAO-health hypothesis

Supplementary Figure S1. STROBE participant flow. Of 662 consecutive examinees with both plasma TMAO and serum 25(OH)D measurements, 650 remained after excluding those with a history of malignant neoplasm (n = 12), 648 after further excluding severe hepatic impairment (n = 2), and 621 adults were analyzed after excluding those missing essential covariates (n = 27).
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Supplementary Figure S2. Distributions of key variables. Top row: raw TMAO (left) and after natural-log transformation (right); bottom row: 25(OH)D (ng/mL, left) and BMI (kg/m², right). The raw TMAO distribution is right-skewed (skewness 7.0) and approximately normal after log transformation (skewness 0.3).
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Supplementary Table S1. Cumulative-adjustment ladder for the association of continuous 25(OH)D with logTMAO.
β = change in 25(OH)D (ng/mL) per 1-unit increment in logTMAO, with 95% confidence interval.
M1: crude; M2: + age, sex; M3: + BMI; M4: + eGFR; M5: + season.
R² = coefficient of determination. Abbreviations: TMAO, trimethylamine N-oxide; eGFR, estimated glomerular filtration rate; BMI, body mass index.

	Model
	Covariates adjusted
	β
	95% CI
	P
	R²

	M1
	logTMAO
	3.97
	(2.55, 5.39)
	P < 0.001
	0.047

	M2
	logTMAO + age + sex
	3.24
	(1.82, 4.67)
	P < 0.001
	0.097

	M3
	logTMAO + age + sex + BMI
	3.31
	(1.90, 4.73)
	P < 0.001
	0.114

	M4
	logTMAO + age + sex + BMI + eGFR
	3.21
	(1.78, 4.64)
	P < 0.001
	0.115

	M5
	logTMAO + age + sex + BMI + eGFR + season
	3.32
	(1.90, 4.73)
	P < 0.001
	0.144




Supplementary Table S2. Vitamin D deficiency prevalence by TMAO percentile band.
VD deficiency defined as 25(OH)D < 20 ng/mL. 95% CI from the exact (Clopper-Pearson) binomial distribution.
P-trend (deficiency on ordinal band index, logistic) = <0.001.
Abbreviations: TMAO, trimethylamine N-oxide; VD, vitamin D; P, percentile; CI, confidence interval.

	TMAO band
	range (ng/mL)
	n
	VD deficient (n)
	deficiency rate (%)
	95% CI

	<P10
	[11, 80]
	63
	38
	60.3
	(47.2, 72.4)

	P10-P25
	[80, 116]
	93
	49
	52.7
	(42.1, 63.1)

	P25-50
	[116, 170]
	155
	88
	56.8
	(48.6, 64.7)

	P50-75
	[170, 247]
	155
	78
	50.3
	(42.2, 58.4)

	P75-P90
	[247, 371]
	93
	39
	41.9
	(31.8, 52.6)

	≥P90
	[371, 2934]
	62
	21
	33.9
	(22.3, 47.0)




Supplementary Table S3. Plasma TMAO by 25(OH)D severity category.
TMAO expressed as median (interquartile range), ng/mL.
[bookmark: _GoBack]P-trend from linear regression of logTMAO on ordinal severity category (1 = severe deficiency to 4 = sufficient) = <0.001.
Abbreviations: TMAO, trimethylamine N-oxide; VD, vitamin D.

	VD category
	n
	TMAO median (IQR)

	Severe deficiency (<10)
	37
	138.2 (91.6, 202.0)

	Deficiency (10–<20)
	276
	159.1 (110.2, 228.9)

	Insufficiency (20–<30)
	206
	172.4 (116.0, 256.2)

	Sufficiency (≥30)
	102
	208.7 (145.7, 327.2)

	P-trend (logTMAO ~ severity ordinal)
	NA
	P < 0.001
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