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Supplementary Figure 1. The dose-response relationship between the dietary intake of five carotenoid types and liver fibrosis was analyzed using a restricted cubic spline regression model. The model was adjusted for age, gender, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015. The dietary carotenoids intake was log-transformed. Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015; LZ: Lutein + zeaxanthin.
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Supplementary Figure 2. The dose-response relationships between the dietary intake of five carotenoid types and MAFLD were analyzed using a restricted cubic spline regression model, which the MAFLD was determined by CAP >274. The model was adjusted for age, gender, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015. The intake of carotenoids was log-transformed. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; CAP, controlled attenuation parameters; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015; LZ: Lutein + zeaxanthin.
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Supplementary Figure 3. The results of Weighted Quantile Sum (WQS) regression. (A) The association between the WQS index and MAFLD using restricted cubic spline regression model. The model was adjusted for age, gender, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015 scores. (B) The weights of five carotenoid types calculated by WQS regression. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; CAP, controlled attenuation parameters; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015.
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Supplementary Figure 4. The dose-response relationships between the dietary intake of five carotenoid types and MAFLD were analyzed using a restricted cubic spline (RCS) regression model in age-stratified analysis. The model was adjusted for gender, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015. The intake of carotenoids was log-transformed. In order to better fit the curve and avoid a 95% confidence interval with too wide a tail, RCS analysis with three knots was applied to explore the dose-response relationship between LZ and MAFLD in aged 50-69 years populations. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015; LZ: Lutein + zeaxanthin.
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Supplementary Figure 5. The dose-response relationships between the dietary intake of five carotenoids and MAFLD were analyzed using a restricted cubic spline (RCS) regression model in gender-stratified analysis. The model was adjusted for age, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015. The intake of carotenoids was log-transformed. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015; LZ: Lutein + zeaxanthin.
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Supplementary Figure 6. The dose-response relationships between the dietary intake of five carotenoids and MAFLD were analyzed using a restricted cubic spline (RCS) regression model in smoking status-stratified analysis. The model was adjusted for age, gender, race, education level, drinking status, physical activity, poverty income ratio and HEI-2015. The intake of carotenoids was log-transformed. In order to better fit the curve and avoid a 95% confidence interval with too wide a tail, RCS analysis with three knots was applied to explore the dose-response relationship between LZ and MAFLD in current smokers and never smoking populations. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015; LZ: Lutein + zeaxanthin.
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Supplementary Figure 7. The dose-response relationships between the dietary intake of five carotenoids and MAFLD were analyzed using a restricted cubic spline regression model in drinking status-stratified analysis. The model was adjusted for age, gender, race, education level, smoking status, physical activity, poverty income ratio and HEI-2015. The intake of carotenoids was log-transformed. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015; LZ: Lutein + zeaxanthin.
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Supplementary Figure 8. The dose-response relationships between the dietary intake of five carotenoids and MAFLD were analyzed using a restricted cubic spline regression model in PA-stratified analysis. The model was adjusted for age, gender, race, education level, smoking status, drinking status, poverty income ratio and HEI-2015. The intake of carotenoids was log-transformed. Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015; LZ: Lutein + zeaxanthin; PA: physical activity.










Supplementary Tables
[bookmark: _Hlk144761695]Supplementary Table 1. Logistic regression results for the association between dietary carotenoids and liver fibrosis.
	per 1 log mcg/day increase
	OR (95% CI) a

	β-cryptoxanthin
	1.04 (0.95, 1.15)

	β-carotene
	1.00 (0.89, 1.13)

	α-carotene
	1.02 (0.96, 1.08)

	LZ
	0.96 (0.86, 1.07)

	Lycopene
	0.98 (0.94, 1.03)


a This model was adjusted for age, gender, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015.
Abbreviations: LZ, lutein+zeaxanthin; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015

Supplementary Table 2. Logistic regression results for the association between dietary carotenoids and MAFLD when adopting a standard of CAP ≥274.
	
	Model 1a
OR (95% CI)
	Model 2b
OR (95% CI)
	Model 3c
OR (95% CI)

	β-cryptoxanthin
	
	
	

	per 1 log mcg/day increase
	0.97 (0.93, 1.01)
	0.99 (0.94, 1.04)
	0.97 (0.92, 1.04)

	Q1 (<3.891)
	Reference
	Reference
	Reference

	Q2 (≥3.891)
	0.95 (0.75, 1.19)
	1.04 (0.77, 1.43)
	1.04 (0.66, 1.62)

	Q3 (≥5.149)
	1.01 (0.79, 1.28)
	1.05 (0.80, 1.37)
	1.05 (0.70, 1.58)

	Q4 (≥6.384)
	1.02 (0.77, 1.34)
	1.07 (0.82, 1.40)
	1.00 (0.68, 1.47)

	β-carotene
	
	
	

	per 1 log mcg/day increase
	0.93 (0.88, 0.97)
	0.94 (0.90, 0.99)
	0.94 (0.89, 1.01)

	Q1 (<8.762)
	Reference
	Reference
	Reference

	Q2 (≥8.762)
	0.90 (0.67, 1.21)
	0.92 (0.69, 1.23)
	0.89 (0.57, 1.39)

	Q3 (≥10.129)
	1.07 (0.82, 1.41)
	1.07 (0.82, 1.40)
	1.02 (0.68, 1.53)

	Q4 (≥11.484)
	0.60 (0.45, 0.81)
	0.65 (0.49, 0.86)
	0.66 (0.42, 1.03)

	α-carotene
	
	
	

	per 1 log mcg/day increase
	0.97 (0.94, 1.00)
	0.98 (0.95, 1.01)
	0.97 (0.93, 1.02)

	Q1 (<4.347)
	Reference
	Reference
	Reference

	Q2 (≥4.347)
	1.03 (0.81, 1.31)
	0.973 (0.718, 1.317)
	1.05 (0.69, 1.62)

	Q3 (≥6.068)
	0.98 (0.77, 1.24)
	0.886 (0.677, 1.160)
	0.94 (0.64, 1.38)

	Q4 (≥8.557)
	0.81 (0.62, 1.07)
	0.782 (0.549, 1.113)
	0.87 (0.56, 1.35)

	LZ
	
	
	

	per 1 log mcg/day increase
	0.91 (0.87, 0.97)
	0.95 (0.89, 1.02)
	0.95 (0.88, 1.03)

	Q1 (<8.946)
	Reference
	Reference
	Reference

	Q2 (≥8.946)
	0.73 (0.58, 0.93)
	0.95 (0.73, 1.22)
	0.93 (0.62, 1.39)

	Q3 (≥9.766)
	1.02 (0.80, 1.30)
	1.01 (0.77, 1.33)
	0.97 (0.63, 1.50)

	Q4 (≥10.652)
	0.94 (0.74, 1.19)
	0.85 (0.64, 1.13)
	0.87 (0.56, 1.36)

	Lycopene
	
	
	

	per 1 log mcg/day increase
	0.99 (0.96, 1.01)
	0.99 (0.96, 1.02)
	0.99 (0.95, 1.03)

	Q1 (<9.447)
	Reference
	Reference
	Reference

	Q2 (≥9.447)
	1.20 (0.96, 1.52)
	1.26 (1.01, 1.58)
	1.25 (0.86, 1.81)

	Q3 (≥11.124)
	1.03 (0.74, 1.43)
	1.01 (0.70, 1.44)
	0.96 (0.54, 1.71)

	Q4 (≥12.465)
	0.81 (0.61, 1.09)
	0.89 (0.66, 1.18)
	0.83 (0.51, 1.36)


a Model 1 was unadjusted model. 
b Model 2 adjusted for: age, gender and HEI-2015. 
c Model 3 was adjusted for age, gender, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015.
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; LZ, lutein+zeaxanthin; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015.


Supplementary Table 3. Subgroup analysis by age: logistic regression for the association between dietary carotenoids and MAFLD.
	per 1 log mcg/day increase
	18-29
OR (95% CI) a
	30-49
OR (95% CI) a
	50-69
OR (95% CI) a
	>=70
OR (95% CI) a

	β-cryptoxanthin
	1.02 (0.82, 1.27)
	0.99 (0.91, 1.08)
	0.96 (0.88, 1.04)
	1.00 (0.89, 1.12)

	β-carotene
	1.00 (0.88, 1.14)
	0.96 (0.85, 1.08)
	0.86 (0.79, 0.93)
	1.12 (0.99, 1.27)

	α-carotene
	0.99 (0.90, 1.09)
	0.99 (0.91, 1.09)
	0.94 (0.87, 1.01)
	1.03 (0.94, 1.12)

	LZ
	0.94 (0.76, 1.17)
	0.99 (0.86, 1.14)
	0.92 (0.82, 1.03)
	1.06 (0.89, 1.27)

	Lycopene
	0.98 (0.92, 1.04)
	0.99 (0.92, 1.06)
	0.97 (0.93, 1.00)
	1.04 (0.99, 1.11)


a This model was adjusted for gender, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015.
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; LZ, lutein+zeaxanthin; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015.


Supplementary Table 4. Subgroup analysis by gender: logistic regression for the association between dietary carotenoids and MAFLD.
	per 1 log mcg/day increase
	Male
OR (95% CI) a
	Female
OR (95% CI) a

	β-cryptoxanthin
	0.99 (0.90, 1.08)
	0.98 (0.90, 1.06)

	β-carotene
	0.93 (0.84, 1.03)
	0.97 (0.92, 1.03)

	α-carotene
	0.97 (0.91, 1.04)
	0.98 (0.93, 1.04)

	LZ
	0.96 (0.83, 1.10)
	0.97 (0.87, 1.07)

	Lycopene
	0.99 (0.95, 1.04)
	0.98 (0.94, 1.03)


a This model was adjusted for age, race, education level, smoking status, drinking status, physical activity, poverty income ratio and HEI-2015.
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; LZ, lutein+zeaxanthin; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015.



Supplementary Table 5. Subgroup analysis by smoking status: logistic regression for the association between dietary carotenoids and MAFLD.
	per 1 log mcg/day increase
	Never smoking
OR (95% CI) a
	Former smoking
OR (95% CI) a
	Current smoking
OR (95% CI) a

	β-cryptoxanthin
	0.99 (0.93, 1.07)
	1.04 (0.92, 1.16)
	0.87 (0.75, 0.99)

	β-carotene
	0.97 (0.90, 1.04)
	0.92 (0.81, 1.04)
	0.95 (0.84, 1.06)

	α-carotene
	1.00 (0.95, 1.05)
	0.96 (0.88, 1.05)
	0.95 (0.88, 1.03)

	[bookmark: _Hlk144052650]LZ
	0.95 (0.87, 1.04)
	0.95 (0.83, 1.09)
	1.01 (0.86, 1.17)

	Lycopene
	0.98 (0.93, 1.03)
	1.01 (0.96, 1.06)
	0.97 (0.92, 1.01)


a This model was adjusted for age, gender, race, education level, drinking status, physical activity, poverty income ratio and HEI-2015.
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; LZ, lutein+zeaxanthin; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015.



Supplementary Table 6. Subgroup analysis by drinking status: logistic regression for the association between dietary carotenoids and MAFLD.
	per 1 log mcg/day increase
	Drinker
OR (95% CI) a
	Non-drinker
OR (95% CI) a

	β-cryptoxanthin
	0.93 (0.82, 1.06)
	1.00 (0.92, 1.08)

	β-carotene
	0.95 (0.85, 1.06)
	0.94 (0.87, 1.01)

	α-carotene
	0.95 (0.88, 1.04)
	0.98 (0.93, 1.03)

	LZ
	0.94 (0.79, 1.12)
	0.95 (0.86, 1.05)

	Lycopene
	0.96 (0.91, 1.01)
	1.00 (0.96, 1.04)


a This model was adjusted for age, gender, race, education level, smoking status, physical activity, poverty income ratio and HEI-2015.
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; LZ, lutein+zeaxanthin; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015.



Supplementary Table 7. Subgroup analysis by physical activity: logistic regression for the association between dietary carotenoids and MAFLD.
	per 1 log mcg/day increase
	High PA
OR (95% CI) a
	Moderate PA
OR (95% CI) a
	Low PA
OR (95% CI) a

	β-cryptoxanthin
	0.95 (0.86, 1.04)
	0.98 (0.91, 1.05)
	1.06 (0.95, 1.18)

	β-carotene
	0.87 (0.79, 0.95)
	0.98 (0.88, 1.09)
	1.06 (0.94, 1.20)

	α-carotene
	0.94 (0.89, 0.99)
	0.98 (0.92, 1.04)
	1.04 (0.97, 1.10)

	LZ
	0.89 (0.80, 0.99)
	0.97 (0.84, 1.12)
	1.03 (0.87, 1.22)

	Lycopene
	1.00 (0.94, 1.05)
	0.97 (0.94, 1.01)
	0.99 (0.94, 1.03)


a This model was adjusted for age, gender, race, education level, smoking status, drinking status, poverty income ratio and HEI-2015.
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; PA, physical activity; LZ, lutein+zeaxanthin; OR, odds ratio; 95% CI, 95% confidence interval; HEI-2015, health eating index-2015.
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