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[bookmark: _Hlk134717532]Figure s1. A-D. The results of sensitivity analysis for WMD analysis of ALT (A), AST (B), ALP (C) and GGT (D). CI; confidence interval, ALT; alanine aminotransferase, AST; aspartate aminotransferase, ALP; alkaline phosphatase, and GGT; gamma-glutamyl transferase.
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Figure s2. A-H. Meta-regression between changes in liver enzymes, and administered doses and intervention duration of carotenoids. A: ALT dose, B: AST dose, C: ALP dose, D: GGT dose, E: ALT duration, F: AST duration, G: ALP duration, H: GGT duration. CI; confidence interval, ALT; alanine aminotransferase, AST; aspartate aminotransferase, ALP; alkaline phosphatase, and GGT; gamma-glutamyl transferase.
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Figure s3. A-D. Assessment of publication bias in the impact of carotenoid supplementation on liver enzymes. A: ALT, B: AST, C: ALP, D: GGT.


Table s1. Search strategy in databases
	Database

	Strategy
	Number

	PubMed

	(("caroten*"[All Fields] OR "tetraterpene*"[All Fields] OR "Abscisic Acid"[All Fields] OR "abscissin*"[All Fields] OR "Betacarotene"[All Fields] OR "Carotaben"[All Fields] OR "Solatene"[All Fields] OR "Vetoron"[All Fields] OR "Provatene"[All Fields] OR "lycopene*"[All Fields] OR "lyc o mato"[All Fields] OR "lyc o mato"[All Fields] OR "LYCOMATO"[All Fields] OR "Prolycopene"[All Fields] OR “astaxanthin” [All Fields] OR "norisoprenoid*"[All Fields] OR "nor isoprenoid*"[All Fields] OR "nor isoprenoid*"[All Fields] OR "ionone*"[All Fields] OR "Vitispirane"[All Fields] OR "Megastigmanes"[All Fields] OR "Theaspiranes"[All Fields] OR "Damascones"[All Fields] OR "Irone"[All Fields] OR "retinoid*"[All Fields] OR "Fenretinide"[All Fields] OR "Fenretinimide"[All Fields] OR "Isotretinoin"[All Fields] OR "Retinaldehyde"[All Fields] OR "Retinene"[All Fields] OR "Retinal"[All Fields] OR "Retinyl"[All Fields] OR "retinyl ester*"[All Fields] OR "vitamin a*"[All Fields] OR "Aquasol A"[All Fields] OR "Retinol"[All Fields] OR "xanthophyll*"[All Fields] OR "canthaxanthin*"[All Fields] OR "cryptoxanthin*"[All Fields] OR "Lutein"[All Fields] OR "zeaxanthin*"[All Fields]) AND ("Randomized Controlled Trial"[Publication Type] OR "Controlled Clinical Trial"[Publication Type] OR "Clinical Trial"[Publication Type] OR "Random Allocation"[MeSH Terms] OR "Single-Blind Method"[MeSH Terms] OR "Double-Blind Method"[MeSH Terms] OR "Cross-Over Studies"[MeSH Terms] OR "Clinical Trials as Topic"[MeSH Terms] OR "Comparative Study"[Publication Type] OR "Follow-Up Studies"[MeSH Terms] OR "clinical trial*"[Title/Abstract] OR "controlled trial*"[Title/Abstract] OR "intervention"[Title/Abstract] OR "Randomised"[Title/Abstract] OR "Randomized"[Title/Abstract] OR "randomly"[Title/Abstract] OR "placebo"[Title/Abstract] OR "trial"[Text Word] OR "assignment"[Text Word] OR "RCT"[Title/Abstract] OR "cross-over"[Text Word] OR "parallel"[Text Word] OR "single-blind"[Title/Abstract] OR "double-blind"[Title/Abstract]) AND (“liver enzyme*” OR “Transaminase, Alanine” OR “Alanine Aminotransferase” OR “Aminotransferase, Alanine” OR “Glutamic-Alanine Transaminase” OR “Glutamic Alanine Transaminase” OR “Transaminase, Glutamic-Alanine” OR “Glutamic-Pyruvic Transaminase” OR “Glutamic Pyruvic Transaminase” OR “Transaminase, Glutamic-Pyruvic” OR “Alanine-2-Oxoglutarate Aminotransferase” OR “Alanine 2 Oxoglutarate Aminotransferase” OR “Aminotransferase, Alanine-2-Oxoglutarate” OR “SGPT” OR ”ALT” OR “Aminotransferases, Aspartate” OR “Glutamic-Oxaloacetic Transaminase” OR “Glutamic Oxaloacetic Transaminase” OR “Transaminase, Glutamic-Oxaloacetic” OR “L-Aspartate-2-Oxoglutarate Aminotransferase” OR “Aminotransferase, L-Aspartate-2-Oxoglutarate” OR “L Aspartate 2 Oxoglutarate Aminotransferase” OR “Glutamate-Aspartate Transaminase” OR “Glutamate Aspartate Transaminase” OR “Transaminase, Glutamate-Aspartate” OR “Aspartate Aminotransferase” OR “Aminotransferase, Aspartate” OR “Aspartate Apoaminotransferase” OR “Apoaminotransferase, Aspartate” OR “Aspartate Transaminase” OR “Transaminase, Aspartate” OR “SGOT” OR “Serum Glutamic-Oxaloacetic Transaminase” OR “Glutamic-Oxaloacetic Transaminase, Serum” OR “Serum Glutamic Oxaloacetic Transaminase” OR “Transaminase, Serum Glutamic-Oxaloacetic” OR “AST” OR “Alkaline Phosphatase” OR “ALP” OR “gamma Glutamyltransferase” OR “gamma-Glutamyl Transpeptidase” OR “gamma Glutamyl Transpeptidase” OR “Transpeptidase, gamma-Glutamyl” OR “gammaglutamyltransferase” OR “GGT*” OR “Glutamyl Transpeptidase” OR “Transpeptidase, Glutamyl” OR "Alanine Transaminase"[Mesh] OR "Aspartate Aminotransferases"[Mesh] OR "Alkaline Phosphatase"[Mesh] OR "gamma-Glutamyltransferase"[Mesh]) NOT ("rats"[MeSH Terms] OR "mice"[MeSH Terms] OR "swine"[MeSH Terms] OR "mouse"[Title/Abstract] OR "mus"[Title/Abstract] OR "mice"[Title/Abstract] OR "rat"[Title/Abstract] OR "in-vitro"[Title/Abstract] OR "in-vitro"[Title/Abstract] OR "pig"[Title/Abstract] OR "Rabbit"[Title/Abstract] OR "Rooster"[Title/Abstract] OR "cell"[Title/Abstract] OR "cells"[Title/Abstract] OR "cow"[Title/Abstract] OR "cows"[Title/Abstract] OR "suide"[Title/Abstract] OR "warthogs"[Title/Abstract] OR "broilers"[Title/Abstract] OR "broiler"[Title/Abstract] OR "in-vivo"[Title/Abstract] OR "in-vivo"[Title/Abstract] OR "rats"[Title/Abstract] OR "pigs"[Title/Abstract] OR "goats"[Title/Abstract] OR "chicken"[Title/Abstract] OR "shrimp"[Title/Abstract] OR "sheep"[Title/Abstract] OR "cats"[Title/Abstract] OR "dogs"[Title/Abstract] OR "crab"[Title/Abstract] OR "monkeys"[Title/Abstract] OR "rabbits"[Title/Abstract] OR "ducks"[Title/Abstract] OR "fowl"[Title/Abstract] OR "fowls"[Title/Abstract] OR "roots"[Title/Abstract] OR "bacteria"[Title/Abstract] OR "camel"[Title/Abstract] OR "Cohort Studies"[MeSH Terms] OR "Cohort Studies"[Title/Abstract] OR "cohort*"[Title/Abstract] OR "Cross-Sectional Studies"[MeSH Terms]))

	169

	Scopus
	("Caroten*" OR "Tetraterpene*" OR "Tetraterpene Derivatives" OR "Derivatives, Tetraterpene" OR "Abscisic Acid" OR "Abscissins" OR "Betacarotene" OR "Carotaben" OR "Max-Caro" OR "Max Caro" OR "MaxCaro" OR "Solatene" OR "Vetoron" OR "BellaCarotin" OR "Provatene" OR "Lycopene*" OR "LYC-O-MATO" OR "LYC O MATO" OR "LYCOMATO" OR "Prolycopene" OR "Norisoprenoid*" OR “astaxanthin” OR "Nor-Isoprenoid*" OR "Nor Isoprenoid*" OR "Ionone*" OR "Vitispirane" OR "Megastigmanes" OR "Theaspiranes" OR "Damascones" OR "Irone" OR "Retinoid*" OR "Fenretinide" OR "Fenretinimide" OR "Isotretinoin" OR "Retinaldehyde" OR "Retinene" OR "Axerophthal" OR "Retinal" OR "Retinyl" OR "Retinyl Ester*" OR "Vitamin A*" OR "Aquasol A" OR "Retinol" OR "Xanthophyll*" OR "Canthaxanthin*" OR "Cryptoxanthin*" OR "Lutein" OR "Zeaxanthin*" OR “astaxanthin”) AND (TITLE-ABS-KEY("Randomized Controlled Trial") OR TITLE-ABS-KEY("Controlled Clinical Trial") OR TITLE-ABS-KEY("Clinical Trial") OR TITLE-ABS-KEY(“Random Allocation”) OR TITLE-ABS-KEY("Single-Blind Method") OR TITLE-ABS-KEY("Double-Blind Method") OR TITLE-ABS-KEY("Cross-Over Studies") OR TITLE-ABS-KEY("Clinical Trials as Topic") OR TITLE-ABS-KEY("Comparative Study") OR TITLE-ABS-KEY("Follow-Up Studies") OR TITLE-ABS-KEY("clinical trial*" ) OR TITLE-ABS-KEY("controlled trial*") OR TITLE-ABS-KEY("intervention") OR TITLE-ABS-KEY("Randomise*") OR TITLE-ABS-KEY("Randomize*") OR TITLE-ABS-KEY("randomly") OR TITLE-ABS-KEY("placebo") OR TITLE-ABS-KEY("trial") OR TITLE-ABS-KEY("assignment") OR TITLE-ABS-KEY("RCT") OR TITLE-ABS-KEY("parallel") OR TITLE-ABS-KEY("double-blind") OR TITLE-ABS-KEY("single-blind")) AND TITLE-ABS-KEY(“liver enzyme*” OR “Transaminase, Alanine” OR “Alanine Aminotransferase” OR “Aminotransferase, Alanine” OR “Glutamic-Alanine Transaminase” OR “Glutamic Alanine Transaminase” OR “Transaminase, Glutamic-Alanine” OR “Glutamic-Pyruvic Transaminase” OR “Glutamic Pyruvic Transaminase” OR “Transaminase, Glutamic-Pyruvic” OR “Alanine-2-Oxoglutarate Aminotransferase” OR “Alanine 2 Oxoglutarate Aminotransferase” OR “Aminotransferase, Alanine-2-Oxoglutarate” OR “SGPT” OR ”ALT” OR “Aminotransferases, Aspartate” OR “Glutamic-Oxaloacetic Transaminase” OR “Glutamic Oxaloacetic Transaminase” OR “Transaminase, Glutamic-Oxaloacetic” OR “L-Aspartate-2-Oxoglutarate Aminotransferase” OR “Aminotransferase, L-Aspartate-2-Oxoglutarate” OR “L Aspartate 2 Oxoglutarate Aminotransferase” OR “Glutamate-Aspartate Transaminase” OR “Glutamate Aspartate Transaminase” OR “Transaminase, Glutamate-Aspartate” OR “Aspartate Aminotransferase” OR “Aminotransferase, Aspartate” OR “Aspartate Apoaminotransferase” OR “Apoaminotransferase, Aspartate” OR “Aspartate Transaminase” OR “Transaminase, Aspartate” OR “SGOT” OR “Serum Glutamic-Oxaloacetic Transaminase” OR “Glutamic-Oxaloacetic Transaminase, Serum” OR “Serum Glutamic Oxaloacetic Transaminase” OR “Transaminase, Serum Glutamic-Oxaloacetic” OR “AST” OR “Alkaline Phosphatase” OR “ALP” OR “gamma Glutamyltransferase” OR “gamma-Glutamyl Transpeptidase” OR “gamma Glutamyl Transpeptidase” OR “Transpeptidase, gamma-Glutamyl” OR “gammaglutamyltransferase” OR “GGT*” OR “Glutamyl Transpeptidase” OR “Transpeptidase, Glutamyl”) AND NOT TITLE-ABS-KEY((rat*) OR (mice*) OR (swine) OR (in-vitro) OR ("in vitro") OR (pig*) OR (Rabbit*) OR (rooster) OR (cell*) OR (cow*) OR (suide) OR (warthogs) OR (broiler*) OR ("in vivo") OR (in-vivo) OR (goat*) OR (chicken) OR (monkey) OR (rabbit*) OR (shrimp) OR (sheep*) OR (cat*) OR (crab) OR (dog*) OR (duck) OR (fowl*) OR (bacteria)) AND ( LIMIT-TO ( DOCTYPE,"ar" ) )
	927


	Web of science
	1. TS=("Caroten*" OR "Tetraterpene*" OR "Abscisic Acid" OR "Abscissin*" OR "Betacarotene" OR "Carotaben" OR "Solatene" OR "Vetoron" OR "Provatene" OR "Lycopene*" OR "LYC-O-MATO" OR "LYC O MATO" OR "LYCOMATO" OR "Prolycopene" OR "Norisoprenoid*" OR "Nor-Isoprenoid*" OR "Nor Isoprenoid*" OR "Ionone*" OR "Vitispirane" OR "Megastigmanes" OR "Theaspiranes" OR "Damascones" OR "Irone" OR "Retinoid*" OR "Fenretinide" OR "Fenretinimide" OR "Isotretinoin" OR "Retinaldehyde" OR "Retinene" OR "Retinal" OR "Retinyl" OR "Retinyl Ester*" OR "Vitamin A*" OR "Aquasol A" OR "Retinol" OR "Xanthophyll*" OR "Canthaxanthin*" OR "Cryptoxanthin*" OR "Lutein" OR "Zeaxanthin*" OR “astaxanthin”)
2. ALL=(("Randomized Controlled Trial") OR ("Controlled Clinical Trial") OR ("Clinical Trial") OR (Random Allocation) OR ("Single-Blind Method") OR ("Double-Blind Method") OR ("Cross-Over Studies") OR ("Clinical Trials as Topic") OR ("Comparative Study") OR ("Follow-Up Studies") OR ("clinical trial*" ) OR ("controlled trial*") OR ("intervention") OR ("Randomise*") OR ("Randomize*") OR ("randomly") OR ("placebo") OR ("trial") OR ("assignment") OR ("RCT") OR ("parallel") OR ("double-blind") OR ("single-blind"))
3. ALL=(“liver enzyme*” OR “Transaminase, Alanine” OR “Alanine Aminotransferase” OR “Aminotransferase, Alanine” OR “Glutamic-Alanine Transaminase” OR “Glutamic Alanine Transaminase” OR “Transaminase, Glutamic-Alanine” OR “Glutamic-Pyruvic Transaminase” OR “Glutamic Pyruvic Transaminase” OR “Transaminase, Glutamic-Pyruvic” OR “Alanine-2-Oxoglutarate Aminotransferase” OR “Alanine 2 Oxoglutarate Aminotransferase” OR “Aminotransferase, Alanine-2-Oxoglutarate” OR “SGPT” OR ”ALT” OR “Aminotransferases, Aspartate” OR “Glutamic-Oxaloacetic Transaminase” OR “Glutamic Oxaloacetic Transaminase” OR “Transaminase, Glutamic-Oxaloacetic” OR “L-Aspartate-2-Oxoglutarate Aminotransferase” OR “Aminotransferase, L-Aspartate-2-Oxoglutarate” OR “L Aspartate 2 Oxoglutarate Aminotransferase” OR “Glutamate-Aspartate Transaminase” OR “Glutamate Aspartate Transaminase” OR “Transaminase, Glutamate-Aspartate” OR “Aspartate Aminotransferase” OR “Aminotransferase, Aspartate” OR “Aspartate Apoaminotransferase” OR “Apoaminotransferase, Aspartate” OR “Aspartate Transaminase” OR “Transaminase, Aspartate” OR “SGOT” OR “Serum Glutamic-Oxaloacetic Transaminase” OR “Glutamic-Oxaloacetic Transaminase, Serum” OR “Serum Glutamic Oxaloacetic Transaminase” OR “Transaminase, Serum Glutamic-Oxaloacetic” OR “AST” OR “Alkaline Phosphatase” OR “ALP” OR “gamma Glutamyltransferase” OR “gamma-Glutamyl Transpeptidase” OR “gamma Glutamyl Transpeptidase” OR “Transpeptidase, gamma-Glutamyl” OR “gammaglutamyltransferase” OR “GGT*” OR “Glutamyl Transpeptidase” OR “Transpeptidase, Glutamyl”) 
4. ALL=((rat*) OR (mice*) OR (swine) OR (in-vitro) OR ("in vitro") OR (pig*) OR (Rabbit*) OR (rooster) OR (cell*) OR (cow*) OR (suide) OR (warthogs) OR (broiler*) OR ("in vivo") OR (in-vivo) OR (goat*) OR (chicken) OR (monkey) OR (rabbit*) OR (shrimp) OR (sheep*) OR (cat*) OR (crab) OR (dog*) OR (duck) OR (fowl*) OR (bacteria))
5. #1 AND #2 AND #3 NOT #4

	119





Date: Nov 2024 Total article: 1215, Duplicate: 153





	Model
	
	
	Random effect

	
	
	
	Slope
	95% CI
	P value

	ALT
	
	
	
	
	

	Dose of supplementation
	
	
	0.042
	-0.303, 0.387
	0810

	Intervention duration
	
	
	0.052
	-0.182, 0.285
	0.664

	AST
	
	
	
	
	

	Dose of supplementation
	
	
	-0.027
	-0.136, 0.083
	0.634

	Intervention duration
	
	
	0.010
	-0.066, 0.086
	0.796

	ALP
	
	
	
	

	Dose of supplementation
	
	0.501
	-0.598, 1.599
	0.372

	Intervention duration
	
	0.183
	-0.374, 0.740
	0.520

	GGT
	
	
	
	

	Dose of supplementation
	
	-0.196
	-0.981, 0.584
	0.619

	Intervention duration
	
	-0.027
	-0.272, 0.218
	0.827


[bookmark: _Hlk182218033]Table s2. Meta-regression between changes in liver enzymes and administered doses and intervention duration of carotenoids.
Abbreviations: ALT; alanine aminotransferase, AST; aspartate aminotransferase, ALP; alkaline phosphatase, and GGT; gamma-glutamyl transferase.






	
	Corrected effect size
	Begg's rank correlation test
	Egger's linear regression test
	Fail-safe N test

	
	WMD
	95% CI
	Kendall's Tau
	z-value
	p-value
	Intercept
	95% CI
	t

	df
	p-value
	N

	ALT
	-2.251
	-4.84, 0.34
	-0.279
	1.720
	0.086
	0.394
	-3.54, 4.33
	0.210
	18
	0.836
	591

	AST
	-0.429
	-1.21, 0.36
	0.144
	0.833
	0.405
	-0.191
	-1.166, 0.77
	0.420
	16
	0.680
	0

	ALP
	0.662
	-5.69, 7.02
	0
	0
	1
	-1.162
	-2.31, -0.02
	2.299
	9
	0.047
	0

	GGT
	-0.426
	-3.06, 2.21
	0.218
	0.934
	0.350
	-1.004
	-2.78, 0.78
	1.276
	9
	0.234
	0


Table s3. Assessment of publication bias in the impact of carotenoid supplementation on liver enzymes.
Abbreviations: ALT; alanine aminotransferase, AST; aspartate aminotransferase, ALP; alkaline phosphatase, and GGT; gamma-glutamyl transferase.
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