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Funnel plots - Grouped meta-analysis of SUD effects on oxidant and antioxidant markers
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Legend: funnel plots showed that studies were not symmetrically distributed, suggesting that asymmetry could be attributed to publication bias, methodological differences, or true heterogeneity.
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	1° author and year
	Sample description
	SUD diagnosis
	Lab technique
	Biological sample
	Assessment time
	Biomarkers

	Obianyo, 2015
	HC n = 10 (80% female; age = 41)    SUD n = 10 (20% female; age = 47) 
	Short Michigan Alcohol Screening Test (Drug of Preference: Alcohol)
	HPLC and ELISA
	Alveolar macrophages
	Abstinence
	LP

	Pannee, 2015
	HC n = 41 (10% female; age = 39)    SUD n = 25 (12% female; age = 39) 
	DSM (Drug of Preference: METH)
	ELISA and Spectrophotometry
	CSF
	Abstinence
	GSH and GSH_Px

	Kovatsi, 2010
	HC n = 22 (0% female; age = 30) SUD n = 42 (0% female; age = 31) 
	DSM (Drug of Preference: Opioids)
	ELISA
	Plasma
	Abstinence
	LP

	Mannelli, 2009
	HC n = 10 (40% female; age = 35)    SUD n = 6 (0% female; age = 36) 
	DSM (Drug of Preference: Opioids)
	HPLC and Biochemical assays
	Plasma
	Abstinence
	GSH

	Dundaroz, 2003
	HC n = 27 (0% female; age = 15) SUD n = 37 (0% female; age = 15) 
	DSM (Drug of Preference: Inhalants)
	Biochemical assay
	Plasma and Erythrocytes
	Abstinence
	SOD, GSH_Px and MDA

	Parthasarathy, 2015
	HC n = 50 (0% female; age = 36)    SUD n = 50 (0% female; age = 37) 
	DSM (Drug of Preference: METH)
	ELISA
	Plasma and Erythrocytes
	Abstinence
	MDA, PO, CAT and SOD

	Guemouri, 1993
	HC n = 78 (0% female; age = 35) SUD n = 58 (0% female; age = 42) 
	DSM (Drug of Preference: Alcohol)
	Spectrophotometry
	Plasma and Hemolysate
	Abstinence
	SOD, GSH_Px and CAT

	Ghazavi, 2013
	HC n = 44 (0% female; age = 31) SUD n = 44 (0% female; age = 30) 
	DSM (Drug of Preference: Opioids)
	ELISA
	Serum
	Abstinence
	TAS/TAC and NO

	Huang, 2008
	HC n = 19 (0% female; age = 30) SUD n = 76 (0% female; age = 41) 
	DSM (Drug of Preference: Alcohol)
	Spectrophotometry and ELISA
	Serum
	Abstinence
	MDA and SOD

	Keulen, 2015
	HC n = 18 (100% female; age = 42)    SUD n = 20 (100% female; age = 52)
	Self-report (Drug of Preference: Nicotine)
	Biochemical assay
	Serum
	Abstinence
	NO

	Kotan, 2017
	HC n = 31 (0% female; age = 26)    SUD n = 31 (0% female; age = 26) 
	DSM (Drug of Preference: Opioids)
	Biochemical assays and HPLC
	Serum
	Abstinence
	Thiol

	Kulkarni, 2015
	HC n = 158 (0% female; age = 38) SUD n = 158 (0% female; age = 37) 
	CAGE (Drug of Preference: Alcohol)
	Spectrophotometry
	Serum
	Abstinence
	GGT

	Najafi, 2017
	HC n = 22 (-% female; age = -)    SUD1 n = 22 (-% female; age = -)   SUD2 n = 20 (-% female; age = -) 
	Self-report (Drug of Preference: 1-Opioids; 2-AMPH)
	HPLC 
	Serum
	Abstinence
	MDA

	Wu, 2020
	HC n = 20 (10% female; age = 44)    SUD n = 14 (14% female; age = 48)
	DSM (Drug of Preference: Alcohol)
	ELISA
	Serum
	Abstinence
	SOD, CAT, TBARS, PO and GSH_Px

	Mehta, 2013
	HC n = 17 (0% female; age = 45)    SUD n = 17 (0% female; age = 45) 
	Short Michigan Alcohol Screening Test (Drug of Preference: Alcohol)
	Fluorescence
	Alveolar macrophages
	Non-abstinent
	GSH

	Liu, 2020
	HC n = 140 (0% female; age = 34)    SUD n = 87 (0% female; age = 29) 
	Self-report (Drug of Preference: Nicotine)
	Radioimmunoassay and Spectrophotometry
	CSF
	Non-abstinent
	SOD and NO

	Soykut, 2013
	HC n = 38 (0% female; age = 33)    SUD n = 40 (0% female; age = 34)
	DSM (Drug of Preference: Opioids)
	Spectrophotometry
	Erythrocyte
	Non-abstinent
	SOD, CAT, GSH_Px and MDA

	Zhou, 2003a
	HC n = 120 (50% female; age = 23) SUD n = 120 (44% female; age = 23) 
	Urine + Self-report (Drug of Preference: AMPH)
	Spectrophotometry
	Erythrocytes
	Non-abstinent
	LP, SOD and CAT

	Sapkota, 2017
	HC n = 22 (27% female; age = 40)    SUD1 n = 22 (31% female; age = 40) SUD2 n = 20 (20% female; age = 43)  SUD3 n = 45 (9% female; age = 44)
	AUDIT and Self-report (Drug of Preference: 1-Nicotine; 2-Alcohol; 3-Poly)
	ELISA
	Lung
	Non-abstinent
	MDA

	Ande, 2015
	HC n = 11 (50% female; age = 45) SUD n = 11 (5% female; age = 45) 
	Self-report (Drug of Preference: Nicotine)
	ELISA and PCR
	Plasma
	Non-abstinent
	SOD and CAT

	Bani-Ahmad, 2018
	HC n = 20 (0% female; age = 28) SUD1 n = 20 (0% female; age = 33) SUD1 n = 20 (0% female; age = 24) 
	Post-mortem (Drug of Preference: 1-Opioids; 2-Cannabis)
	Biochemical assay
	Plasma
	Non-abstinent
	PO and TBARS

	Guler, 2020
	HC n = 40 (0% female; age = 31) SUD n = 40 (0% female; age = 31) 
	DSM (Drug of Preference: Cannabis)
	Spectrophotometry
	Plasma
	Non-abstinent
	TAS/TAC and Thiol

	Kaufman, 2007
	HC n = 19 (0% female; age = 39) SUD n = 24 (0% female; age = 43) 
	DSM (Drug of Preference: Cocaine)
	Chemiluminescence
	Plasma
	Non-abstinent
	NO

	Salarian, 2017 
	HC n = 20 (0% female; age = 35) SUD1 n = 20 (0% female; age = 36)  SUD2 n = 20 (0% female; age = 35) 
	DSM (Drug of Preference: 1-Opioids; 2-Nicotine)
	Spectrophotometry
	Plasma
	Non-abstinent
	SOD, CAT, GSH and MDA

	Shadnia, 2017
	HC n = 15 (0% female; age = 38)    SUD n = 21 (9% female; age = 33)
	DSM (Drug of Preference: METH)
	Biochemical assays and ELISA
	Plasma
	Non-abstinent
	MDA and TAS/TAC

	Solhi, 2013
	HC n = 48 (0% female; age = 35)    SUD n = 48 (0% female; age = 37)
	Post-mortem (Drug of Preference: METH)
	Biochemical assay
	Plasma
	Non-abstinent
	MDA and TAS/TAC

	Vargas, 2013
	HC n = 123 (61% female; age = -)    SUD n = 78 (55% female; age = -)
	DSM (Drug of Preference: Nicotine)
	Biochemical assay
	Plasma
	Non-abstinent
	NO, LP, MDA, PO and TAS/TAC

	Georgakouli, 2015 
	HC n = 17 (-% female; age = 33) SUD n = 17 (-% female; age = 31) 
	AUDIT (Drug of Preference: Alcohol)
	Biochemical assay
	Plasma and Erythrocytes
	Non-abstinent
	GSH, CAT, TAS/TAC and TBARS

	Govitrapong, 2010
	HC n = 120 (0% female; age = 25) SUD n = 120 (0% female; age = 26) 
	Urine + Self-report (Drug of Preference: AMPH)
	Biochemical assay
	Plasma and Erythrocytes
	Non-abstinent
	TBARS, GSH_Px, CAT and SOD

	Zhou, 2003b
	HC n = 120 (50% female; age = 23) SUD n = 120 (44% female; age = 23) 
	Urine + Self-report (Drug of Preference: AMPH)
	Spectrophotometry
	Plasma and Erythrocytes
	Non-abstinent
	LP, SOD, CAT and GSH_Px

	Sandhya, 2016
	HC n = 30 (0% female; age = 38)    SUD n = 30 (0% female; age = 39) 
	DSM (Drug of Preference: Alcohol)
	Biochemical assay
	Plasma and Red blood cells
	Non-abstinent
	MDA and SOD

	Ullah, 2019
	HC n = 48 (0% female; age = 36)    SUD n = 60 (0% female; age = 33)
	Self-Report (Drug of Preference: Opioids)
	Spectrophotometry and Biochemical assays
	Plasma, Serum and Erythrocytes
	Non-abstinent
	SOD and CAT

	Al-Akwa, 2009
	HC n = 20 (0% female; age = 38) SUD n = 20 (0% female; age = 37) 
	Self-report (Drug of Preference: AMPH)
	Biochemical assay
	Serum
	Non-abstinent
	TAS/TAC

	Bayazit, 2017
	HC n = 34 (0% female; age = 26) SUD n = 34 (0% female; age = 26) 
	Urine + Self-report (Drug of Preference: Cannabis)
	ELISA
	Serum
	Non-abstinent
	TAS/TAC

	Bayazit, 2019
	HC n = 45 (0% female; age = 25) SUD n = 45 (0% female; age = 25) 
	Urine + Self-report (Drug of Preference: Cannabis)
	ELISA
	Serum
	Non-abstinent
	LP and Thiol

	Karademirci, 2018
	HC n = 82 (0% female; age = 33) SUD n = 78 (0% female; age = 33) 
	Fargestrom (Drug of Preference: Nicotine)
	Spectrophotometry
	Serum
	Non-abstinent
	TAS/TAC

	Kulkarni, 2009
	HC n = 160 (0% female; age = 38) SUD n = 200 (0% female; age = 37) 
	CAGE (Drug of Preference: Alcohol)
	ELISA
	Serum
	Non-abstinent
	MDA, PO, SOD, GSH and GR

	Narvaez, 2013
	HC n = 50 (13% female; age = 33)    SUD n = 53 (10% female; age = 30) 
	DSM (Drug of Preference: Cocaine)
	ELISA and Flow Cytometry
	Serum
	Non-abstinent
	TBARS and PO

	Pakii, 2000
	HC n = 22 (100% female; age = 29)    SUD n = 12 (100% female; age = 28) 
	Urine + Self-report (Drug of Preference: Nicotine)
	Biochemical assays and HPLC
	Serum
	Non-abstinent
	GR

	Shojaeepour, 2018
	HC n = 104 (-% female; age = 47)    SUD n = 192 (26% female; age = 50)
	Urine + Self-report (Drug of Preference: Opioids)
	Spectrophotometry
	Serum
	Non-abstinent
	TBARS, SOD, GSH, TAS/TOC and PO

	Shrestha, 2012
	HC n = 53 (5% female; age = 31)    SUD n = 50 (6% female; age = 33)
	Post-mortem (Drug of Preference: Nicotine)
	Spectrophotometry
	Serum
	Non-abstinent
	MDA

	Tretjak, 1992
	HC n = 3 (0% female; age = 40) SUD n = 5 (0% female; age = 36)
	Urine + Self-report (Drug of Preference: Poly)
	Biochemical assay
	Serum
	Non-abstinent
	MDA

	Tsai, 2017
	HC n = 30 (0% female; age = 44) SUD n = 60 (0% female; age = 45)
	DSM (Drug of Preference: Opioids)
	ELISA
	Serum
	Non-abstinent
	SOD, CAT, GSH_Px, TBARS and PO

	Zyadi, 2019
	HC n = 30 (0% female; age = -)    SUD n = 50 (0% female; age = -) 
	Post-mortem (Drug of Preference: METH)
	Biochemical assay
	Serum
	Non-abstinent
	TAS/TAC, NO and LP

	Molavi, 2020
	HC n = 50 (11% female; age = 39)    SUD n = 50 (11% female; age = 39) 
	Post-mortem (Drug of Preference: Opioids)
	ELISA and Spectrophotometry
	Serum and Plasma
	Non-abstinent
	MDA, NO and TAS/TAC

	Guleken, 2020
	HC n = 15 (0% female; age = 42) SUD n = 30 (0% female; age = 38) 
	DSM (Drug of Preference: Poly)
	Spectrophotometry
	Serum and Red blood cells
	Non-abstinent
	MDA and GSH

	Ikonomidis, 2017
	HC n = 94 (47% female; age = 49) SUD n = 188 (45% female; age = 50) 
	Self-report (Drug of Preference: Nicotine)
	Spectrophotometry
	Plasma
	Non-abstinent and Abstinence
	MDA and PO

	Zaparte, 2014
	HC n = 30 (100% female; age = 29)    SUD n = 30 (100% female; age = 29)
	DSM (Drug of Preference: Cocaine)
	Spectrophotometry and Biochemical assays
	Plasma
	Non-abstinent and Abstinence
	PO, SOD, GSH, GSH_Px

	Wozniak, 2008
	HC n = 20 (0% female; age = 33)    SUD n = 42 (0% female; age = 43)
	Self-report (Drug of Preference: Alcohol)
	Biochemical assay
	Plasma and Erythrocytes
	Non-abstinent and Abstinence
	TBARS, CAT, SOD, GSH_Px

	Hacimusalar, 2019
	HC n = 45 (0% female; age = 28) SUD n = 44 (0% female; age = 26) 
	DSM (Drug of Preference: METH)
	Biochemical assay
	Serum
	Non-abstinent and Abstinence
	Thiol

	Huang, 2013
	HC n = 60 (25% female; age = 30) SUD n = 64 (21% female; age = 31) 
	DSM (Drug of Preference: METH)
	Biochemical assay
	Serum
	Non-abstinent and Abstinence
	MDA, SOD, CAT and GSH

	Kim, 2015
	HC n = 386 (0% female; age = 60) SUD n = 492 (0% female; age = 60) 
	Self-report (Drug of Preference: Nicotine)
	Biochemical assay
	Serum
	Non-abstinent and Abstinence
	GGT

	Kulkarni, 2012
	HC n = 110 (0% female; age = 37) SUD n = 160 (0% female; age = 36) 
	CAGE (Drug of Preference: Alcohol)
	Spectrophotometry
	Serum
	Non-abstinent and Abstinence
	GGT, SOD, GSH and GSH_Px

	Mannan, 2010
	HC n = 104 (-% female; age = 30)    SUD n = 104 (-% female; age = 30) 
	DSM (Drug of Preference: Poly)
	Spectrophotometry
	Serum
	Non-abstinent and Abstinence
	MDA

	Pianca, 2017
	HC n = 81 (40% female; age = 15) SUD n = 90 (14% female; age = 16) 
	DSM (Drug of Preference: Cocaine)
	Biochemical assay
	Serum
	Non-abstinent and Abstinence
	TBARS

	Sordi, 2014
	HC n = 97 (0% female; age = 30)    SUD n = 49 (0% female; age = 27)
	ASI (Drug of Preference: Cocaine)
	Biochemical assay
	Serum
	Non-abstinent and Abstinence
	TBARS

	Pereska,  2007
	HC n = 22 (22% female; age = 23)    SUD n = 17 (17% female; age = 24) 
	Urine + Self-report (Drug of Preference: Opioids)
	Spectrophotometry
	Serum and Plasma
	Non-abstinent and Abstinence
	MDA and TAS/TAC

	Fitzmaurice, 2006
	HC n = 21 (9% female; age = 33) SUD n = 16 (31% female; age = 32) 
	Urine + Self-report (Drug of Preference: METH)
	Spectrophotometry
	Brain
	Postmortem
	MDA and LP

	Gutowicz, 2006
	HC n = 8 (12% female; age = 24) SUD n = 9 (11% female; age = 28) 
	Post-mortem (Drug of Preference: Opioids)
	Spectrophotometry
	Brain
	Postmortem
	MDA, PO, SOD and CAT

	Mirecki, 2004
	HC n = 16 (12% female; age = 35) SUD n = 20 (25% female; age = 31) 
	Post-mortem (Drug of Preference: METH)
	HPLC 
	Brain
	Postmortem
	GSH, GSH_Px, SOD, GR and GGT

	Sadat-Shirazi, 2019
	HC n = 13 (0% female; age = 36) SUD1 n = 56 (0% female; age = 38) SUD2 n = 45 (0% female; age = 35) 
	Post-mortem (Drug of Preference: 1-Opioids; 2-Poly)
	Western blot and Spectrophotometry
	Brain
	Postmortem
	MDA and SOD


Legend: Healthy control (HC); Substance use disorder SUD; Sample size (n); Mean group age (age); Methamphetamine (METH); Amphetamine (AMPH); Cerebrospinal fluid (CSF); Addiction Severity Index (ASI); Diagnostic and Statistical Manual of Mental Disorders (DSM); Thiol levels (Thiol); Superoxide dismutase (SOD); Nitric Oxide (NO); Lipid peroxidation (LP); Total antioxidant capacity/status (TAS/TAC); Malondialdehyde (MDA); Protein oxidation (PO); Thiobarbituric acid reactive substances (TBARS); Catalase (CAT); Reduced glutathione (GSH); Glutathione peroxidase (GSH-Px); Glutathione reductase (GR); Gamma-glutamyl transferase (GGT); Missing data (-).	
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