Supplementary materials
Table S1 The demographic and clinical characteristics of the samples included in the meta-analysis from multiple seed regions
	Study
	SUD subjects
	HCs

	
	N
	Age, Mean (SD)
	Female, N (%)
	Use duration (SD), years
	Substance and addiction state
	Diagnostic criteria
	Seed regions
	N
	Age, Mean (SD)
	Female, N (%)

	Anterior cingulate cortex (ACC)

	[1]
	Müller-Oehring et al. (2015)
	27
	0(9)
	9(33)
	NA
	Alcohol, Dependence
	DSM-IV
	ACC
	26
	49(1)
	9(35)

	[2]
	Huang et al. (2014)
	11
	23.7(1.98)
	0(0)
	NA
	Nicotine, Short-term abstinence
	DSM-IV
	ACC
	10
	22.5(6.78)
	0(0)

	[3]
	Zhang et al. (2015)
	21
	33.07(5.99)
	0(0)
	6.2(3.53)
	Heroin, Dependence
	DSM-IV
	dACC, rACC, sACC
	15
	27.79(7.81)
	0(0)

	[4]
	Wang et al. (2013)
	17
	33.9(6.3)
	0(0)
	6.79(2.83)
	Heroin, Dependence
	DSM-IV
	Right dACC
	15
	34.3(7.3)
	0(0)

	[5]
	Wang et al. (2010)
	15
	38.4(6.8)
	2(13)
	19.9(3.1)
	Heroin, Abuse
	DSM-IV
	vACC
	15
	41(5.6)
	2(13)

	[6]
	Gu et al. (2010)
	39
	38(6.2)
	10(26)
	13.8(6.3)
	Cocaine, Dependence
	DSM-IV
	rACC
	39
	40(5.1)
	16(41)

	[7]
	Liu et al. (2016)
	33
	46.7(9.4)
	9(27)
	20.6(6.9)
	Betel nuts, Dependence
	DSM-IV
	Bilateral ACC
	32
	45.8(9.3)
	12(38)

	[8]
	Martins et al. (2018)
	8
	29.1(10.6)
	0(0)
	NA
	Cocaine, Short-term abstinence
	DSM-IV
	vACC
	8
	31.4(7)
	0(0)

	[9]
	Blanco-Hinojo et al. (2017)
	28
	21(2)
	0(0)
	6(2.5)
	Cannabis, Dependence
	DSM-IV
	ACC
	29
	22(3)
	0(0)

	[10]
	Camchong et al. (2013a)
	23
	48.46(7.1)
	8(35)
	NA
	Alcohol, Long-term abstinence
	DSM-IV
	sACC
	23
	47.99(6.7)
	8(35)

	[11]
	Camchong et al. (2013b)
	36
	47.85(7.3)
	20(56)
	NA
	Multiple substances, Long-term abstinence
	DSM-IV
	sACC
	23
	47.99(6.7)
	8(35)

	[12]
	Camchong et al. (2011)
	27
	39.73(6.14)
	5(19)
	14.6(6.83)
	Cocaine, Active use
	DSM-IV
	pACC
	24
	39.76(7.09)
	5(21)

	[13]
	Ma et al. (2010)
	14
	30.1(5.3)
	0(0)
	7.11(2.82)
	Heroin, Abuse (methadone treatment)
	DSM-IV
	Left dACC
	13
	29.8(7.2)
	0(0)

	[14]
	Verdejo-Garcia et al. (2014)
	10
	35.1(8.9)
	2(20)
	NA
	Cocaine, Short-term abstinence
	DSM-IV
	ACC
	14
	30.1(8.8)
	1(7)

	[15]
	Aloi et al. (2021)
	21
	32.4(9.36)
	11(52)
	NA
	Cannabis, Abuse
	DSM-IV
	Bilateral ACC
	21
	29(10.22)
	6(29)

	[16]
	Hong et al. (2010)
	105
	33.6(10.2)
	26(25)
	NA
	Nicotine, Active use
	DSM-IV
	Right dACC
	79
	33.3(9.4)
	32(41)

	Prefrontal cortex (PFC)

	[17]
	Wang et al. (2018)
	35
	41.8(9.53)
	0(0)
	NA
	Alcohol, Short-term abstinence
	DSM-IV
	Right dlPFC
	33
	42.88(6.05)
	0(0)

	[18]
	Wang et al. (2016)
	20
	43.95(6.3)
	0(0)
	NA
	Alcohol, Dependence
	DSM-IV
	Left mPFC, Right OFC
	20
	40.5(8.17)
	0(0)

	[19]
	Ge et al. (2017)
	29
	22.58(2.41)
	0(0)
	NA
	Nicotine, Dependence
	DSM-IV
	dlPFC
	33
	20.78(2.51)
	6(18)

	[20]
	Zhai et al. (2015)
	22
	33.05(6.04)
	0(0)
	6.59(3.72)
	Heroin, Short-term abstinence
	DSM-IV
	vmPFC
	15
	28.87(8.12)
	0(0)

	[21]
	Contreras-Rodríguez et al. (2016)
	20
	34.6(6.8)
	1(5)
	NA
	Cocaine, Dependence
	DSM-IV
	OFC
	21
	31(4.6)
	1(5)

	[22]
	Qiu et al. (2014)
	30
	25.07(3.08)
	2(7)
	NA
	Cocaine, Active use
	DSM-IV
	vmPFC
	30
	23.97(2.47)
	2(7)

	[23]
	Yang et al. (2021)
	68
	39.97(9)
	0(0)
	20.79(8.71)
	Alcohol, Short-term abstinence
	DSM-IV
	mPFC
	68
	38.03(9.53)
	0(0)

	[24]
	Hung et al. (2020a)
	34
	25.53(5.75)
	8(24)
	4.82(3.14)
	Ketamine, Abuse
	ICD-10
	Left dlPFC, Left mOFC
	19
	25.26(4.33)
	8(42)

	[25]
	Zimmermann et al. (2018)
	19
	23.79(3.24)
	2(11)
	5.94(2.86)
	Cannabis, Short-term abstinence
	DSM-IV
	Right mOFC
	18
	24.11(3.14)
	2(11)

	[26]
	Lin et al. (2018)
	25
	41.47(5.18)
	0(0)
	7.66(3.55)
	Heroin, Dependence (methadone treatment)
	DSM-IV
	Right dlPFC
	27
	42.44(5)
	0(0)

	[27]
	Kohno et al. (2018)
	27
	37.62(9.65)
	4(15)
	12.04(8.55)
	Amphetamines, Dependence
	DSM-IV
	dlPFC 
	20
	33.4(11.11)
	11(55)

	[28]
	Qi et al. (2011)
	15
	33.63(9.2)
	4(27)
	0.93(0.37)
	Heroin, Abuse
	DSM-IV
	Bilateral PFC
	15
	33(10.51)
	4(27)

	[13]
	Ma et al. (2010)
	14
	30.1(5.3)
	0(0)
	7.11(2.82)
	Heroin, Abuse (methadone treatment)
	DSM-IV
	Bilateral lOFC, left mOFC
	13
	29.8(7.2)
	0(0)

	Striatum

	[29]
	Motzkin et al. (2014)
	22
	32(7)
	0(0)
	NA
	Multiple substances, Dependence
	DSM-IV
	Nacc
	18
	31.7(7.5)
	0(0)

	[30]
	Yuan et al. (2016)
	60
	20(1.7)
	7(12)
	4.4(1.6)
	Nicotine, Dependence
	DSM-IV
	Bilateral CAU
	60
	19.95(1.8)
	8(13)

	[4]
	Wang et al. (2013)
	17
	33.9(6.3)
	0(0)
	6.79(2.83)
	Heroin, Dependence
	DSM-IV
	Right CAU
	15
	34.3(7.3)
	0(0)

	[21]
	Contreras-Rodríguez et al. (2016)
	20
	34.6(6.8)
	1(5)
	NA
	Cocaine, Dependence
	DSM-IV
	Bilateral CAU
	21
	31(4.6)
	1(5)

	[31]
	Hu et al. (2015)
	56
	39.86(6.71)
	13(23)
	12.64(6.4)
	Cocaine, Dependence
	DSM-IV
	DC, VSs, VSi, DRP, DCP, VRP
	56
	38.7(7.82)
	17(30)

	[32]
	Contreras-Rodríguez et al. (2015)
	20
	34.6(6.8)
	1(5)
	NA
	Cocaine, Dependence
	DSM-IV
	vCAU, vPUT, dPUT
	21
	31(4.6)
	1(5)

	[33]
	McHugh et al. (2013)
	45
	43.45(7.14)
	6(13)
	8.34(5.24)
	Cocaine, Dependence
	DSM-IV
	Bilateral PUT
	22
	42.05(8.4)
	8(36)

	[34]
	Zhang & Li. (2018)
	66
	41.4(7.3)
	22(33)
	20.2(6.9)
	Cocaine, Dependence
	DSM-IV
	VS and subregions (dorsal anterior, dorsal posterior, ventral)
	66
	39.3(9.2)
	30(45)

	[35]
	Qiu et al. (2022)
	44
	75.83(7.64)
	21(48)
	NA
	Nicotine, Active use
	DSM-IV
	Right CAU
	304
	72.98(7. 25)
	183(60)

	[23]
	Yang et al. (2021)
	68
	39.97(9)
	0(0)
	20.79(8.71)
	Alcohol, Short-term abstinence
	DSM-IV
	Nacc
	68
	38.03(9.53)
	0(0)

	[36]
	Lin et al. (2021)
	40
	24.5(2.89)
	20(50)
	5.28(2.66)
	Nicotine, Dependence
	DSM-IV
	Left CAU
	53
	24.44(3.29)
	23(43)

	[37]
	Hung et al. (2020b)
	36
	25.84(5.75)
	10(28)
	4.94(3.21)
	Ketamine, Abuse
	ICD-10
	CAU, GP
	20
	25.21(4.35)
	9(45)

	[38]
	Wang et al. (2019)
	16
	28(4.24)
	0(0)
	NA
	Amphetamines, Abuse
	DSM-IV
	Bilateral NAc core, Bilateral NAc shell
	21
	29.52(2.54)
	0(0)

	[39]
	Kohno et al. (2017)
	43
	41.93(9.57)
	10(23)
	20.69(10.39)
	Alcohol, Dependence
	DSM-IV
	striatum
	26
	34.19(11.37)
	12(46)

	[9]
	Blanco-Hinojo et al. (2017)
	28
	21(2)
	0(0)
	6(2.5)
	Cannabis, Dependence
	DSM-IV
	Bilateral dCAU, Bilateral dPUT, Bilateral vCAU, Bilateral vPUT
	29
	22(3)
	0(0)

	[40]
	Berlingeri et al. (2017)
	18
	39.28(9.1)
	0(0)
	NA
	Cocaine, Short-term abstinence
	DSM-IV
	Bilateral Nacc
	19
	33.05(9.11)
	6(32)

	[41]
	Zou et al. (2015)
	30
	40.73(5.61)
	6(20)
	14.4(3.77)
	Heroin, Long-term abstinence
	DSM-IV
	Bilateral Nacc
	29
	38.9(6.33)
	7(24)

	[10]
	Camchong et al. (2013a)
	23
	48.46(7.1)
	8(35)
	NA
	Alcohol, Long-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[42]
	Camchong et al. (2013c)
	27
	49.27(7.05)
	9(33)
	NA
	Alcohol, Short-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[11]
	Camchong et al. (2013b)
	36
	47.85(7.3)
	20(56)
	NA
	Multiple substances, Long-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[13]
	Ma et al. (2010)
	14
	30.1(5.3)
	0(0)
	7.11(2.82)
	Heroin, Abuse (methadone treatment)
	DSM-IV
	Bilateral Nacc
	13
	29.8(7.2)
	0(0)

	[1]
	Müller-Oehring et al. (2015)
	27
	50(9)
	9(33)
	NA
	Alcohol, Dependence
	DSM-IV
	Nacc
	26
	49(1)
	9(35)

	[43]
	Posner et al. (2016)
	15
	25.6(0.63)
	5(33)
	NA
	Multiple substances, Dependence
	DSM-V
	Bilateral Nacc
	13
	25.77(0.73)
	6(46)

	[bookmark: _Hlk151545757]Amygdaloid (Amy)

	[44]
	Orban et al. (2021)
	20
	46(8.1)
	5(25)
	21.7(8.4)
	Alcohol, Dependence
	DSM-IV
	Amy
	39
	44.3(7.4)
	7(18)

	[36]
	Lin et al. (2021)
	40
	24.5(2.89)
	20(50)
	5.28(2.66)
	Nicotine, Dependence
	DSM-IV
	Right Amy
	53
	24.44(3.29)
	23(43)

	[45]
	Um et al. (2020)
	34
	34.15(12.68)
	20(59)
	16(12.58)
	Nicotine, Active use
	DSM-IV
	Right Amy
	62
	35.31(14.14)
	37(60)

	[46]
	Dean et al. (2020)
	73
	40.16(11.77)
	27(37)
	NA
	Alcohol, Dependence
	DSM-IV
	Bilateral Amy
	85
	40.16(11.77)
	31(36)

	[47]
	Balducci et al. (2018)
	19
	31(6)
	1(5)
	8.6(6.18)
	Cocaine, Dependence
	DSM-IV
	Left Amy
	20
	32(8)
	2(10)

	[48]
	Shen et al. (2017)
	72
	38.23(6.85)
	0(0)
	17.35(6.61)
	Nicotine, Dependence
	DSM-IV
	Bilateral Amy
	41
	38.46(8.6)
	0(0)

	[21]
	Contreras-Rodríguez et al. (2016)
	20
	34.6(6.8)
	1(5)
	NA
	Cocaine, Dependence
	DSM-IV
	Amy
	21
	31(4.6)
	1(5)

	[6]
	Gu et al. (2010)
	39
	38(6.2)
	10(26)
	13.8(6.3)
	Cocaine, Dependence
	DSM-IV
	Amy
	39
	40(5.1)
	16(41)

	[49]
	McHugh et al. (2014)
	45
	43.1(6.84)
	6(14)
	7.72(3.99)
	Cocaine, Dependence
	DSM-IV
	Right basolateral, Left medial Amy
	22
	42.05(8.4)
	8(36)

	[15]
	Aloi et al. (2021)
	21
	32.4(9.36)
	11(52)
	NA
	Cannabis, Abuse
	DSM-IV
	Bilateral Amy
	21
	29(10.22)
	6(29)

	[16]
	Hong et al. (2010)
	105
	33.6(10.2)
	26(25)
	NA
	Nicotine, Active use
	DSM-IV
	Right Amy
	79
	33.3(9.4)
	32(41)

	[13]
	Ma et al. (2010)
	14
	30.1(5.3)
	0(0)
	7.11(2.82)
	Heroin, Abuse (methadone treatment)
	DSM-IV
	Right Amy
	13
	29.8(7.2)
	0(0)

	[bookmark: _Hlk151545792]Thalamus (Thal)

	[50]
	Wang et al. (2017)
	24
	20.8(1.8)
	0(0)
	4.7(1.5)
	Nicotine, Dependence
	DSM-IV
	Bilateral Thal
	24
	20.6(2.5)
	0(0)

	[6]
	Gu et al. (2010)
	39
	38(6.2)
	10(26)
	13.8(6.3)
	Cocaine, Dependence
	DSM-IV
	Mediodorsal Thal
	39
	40(5.1)
	16(41)

	[17]
	Wang et al. (2018)
	35
	41.8(9.53)
	0(0)
	NA
	Alcohol, Short-term abstinence
	DSM-IV
	Left Thal
	33
	42.88(6.05)
	0(0)

	[21]
	Contreras-Rodríguez et al. (2016)
	20
	34.6(6.8)
	1(5)
	NA
	Cocaine, Dependence
	DSM-IV
	Thal
	21
	31(4.6)
	1(5)

	[51]
	Zhang et al. (2021)
	37
	41.08(5.12)
	9(24)
	14.86(7.54)
	Heroin, Short-term abstinence
	DSM-Ⅴ
	Left PFC_Thal, Left OC_Thal
	33
	41.52(4.65)
	10(30)

	[52]
	Liu et al. (2019)
	15
	47.3(5)
	0(0)
	NA
	Alcohol, Dependence
	DSM-IV
	Bilateral Thal
	15
	47.3(4.9)
	0(0)

	[53]
	Qian et al. (2019)
	44
	39(6.5)
	0(0)
	18.9(6.4)
	Nicotine, Dependence
	DSM-IV
	Left mediodorsal Thal
	41
	38.5(7.4)
	0(0)


Abbreviations: SUD, substance use disorder; HC, healthy control; DSM-IV, diagnostic and statistical manual for mental disorders-fourth; ICD, international statistical classification of diseases and related health problems criteria; ACC, anterior cingulate cortex; PFC, prefrontal cortex; Amy, amygdaloid; Thal, thalamus; dACC, dorsal ACC; vACC, ventral ACC; rACC, rostral ACC; sACC, subcallosal ACC; pACC, perigenual ACC; OFC, orbitofrontal cortex; dlPFC, dorsolateral PFC; mPFC, medial PFC; vmPFC,  ventromedial PFC; mOFC, medial OFC; lOFC, lateral OFC; CAU, caudate nucleus; PUT, putamen; GP, globus pallidus; NACC, nucleus accumbens; dCAU, dorsal CAU; vCAU, ventral CAU; dPUT, dorsal PUT; vPUT, ventral PUT; VS, ventral striatum; DC, dorsal caudate; VSs, ventral striatum superior; VSi, ventral striatum inferior; DRP, dorsal rostral putamen; DCP, dorsal caudal putamen; VRP, ventral rostral putamen.






[bookmark: _Hlk151585739]Table S2 The demographic and clinical characteristics of the samples included in the meta-analysis from striatum subregions
	Study
	SUD subjects
	HCs

	
	N
	Age, Mean (SD)
	Female, N (%)
	Use duration (SD), years
	Substance and addiction state
	Diagnostic criteria
	Seed regions
	N
	Age, Mean (SD)
	Female, N (%)

	ventral Striatum

	[29]
	Motzkin et al. (2014)
	22
	32(7)
	0(0)
	NA
	Multiple substances, Dependence
	DSM-IV
	Nacc
	18
	31.7(7.5)
	0(0)

	[31]
	Hu et al. (2015)
	56
	39.86(6.71)
	13(23)
	12.64(6.4)
	Cocaine, Dependence
	DSM-IV
	DC, VSs, VSi, DRP, DCP, VRP
	56
	38.7(7.82)
	17(30)

	[32]
	Contreras-Rodríguez et al. (2015)
	20
	34.6(6.8)
	1(5)
	NA
	Cocaine, Dependence
	DSM-IV
	vCAU, vPUT, dPUT
	21
	31(4.6)
	1(5)

	[34]
	Zhang & Li. (2018)
	66
	41.4(7.3)
	22(33)
	20.2(6.9)
	Cocaine, Dependence
	DSM-IV
	VS and subregions (dorsal anterior, dorsal posterior, ventral )
	66
	39.3(9.2)
	30(45)

	[23]
	Yang et al. (2021)
	68
	39.97(9)
	0(0)
	20.79(8.71)
	Alcohol, Short-term abstinence
	DSM-IV
	Nacc
	68
	38.03(9.53)
	0(0)

	[38]
	Wang et al. (2019)
	16
	28(4.24)
	0(0)
	NA
	Amphetamines, Abuse
	DSM-IV
	Bilateral NAc core, Bilateral NAc shell
	21
	29.52(2.54)
	0(0)

	[9]
	Blanco-Hinojo et al. (2017)
	28
	21(2)
	0(0)
	6(2.5)
	Cannabis, Dependence
	DSM-IV
	Bilateral dCAU, Bilateral dPUT, Bilateral vCAU, Bilateral vPUT
	29
	22(3)
	0(0)

	[40]
	Berlingeri et al. (2017)
	18
	39.28(9.1)
	0(0)
	NA
	Cocaine, Short-term abstinence
	DSM-IV
	Bilateral Nacc
	19
	33.05(9.11)
	6(32)

	[41]
	Zou et al. (2015)
	30
	40.73(5.61)
	6(20)
	14.4(3.77)
	Heroin, Long-term abstinence
	DSM-IV
	Bilateral Nacc
	29
	38.9(6.33)
	7(24)

	[10]
	Camchong et al. (2013a)
	23
	48.46(7.1)
	8(35)
	NA
	Alcohol, Long-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[42]
	Camchong et al. (2013c)
	27
	49.27(7.05)
	9(33)
	NA
	Alcohol, Short-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[11]
	Camchong et al. (2013b)
	36
	47.85(7.3)
	20(56)
	NA
	Multiple substances, Long-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[13]
	Ma et al. (2010)
	14
	30.1(5.3)
	0(0)
	7.11(2.82)
	Heroin, Abuse (methadone treatment)
	DSM-IV
	Bilateral Nacc
	13
	29.8(7.2)
	0(0)

	[1]
	Müller-Oehring et al. (2015)
	27
	50(9)
	9(33)
	NA
	Alcohol, Dependence
	DSM-IV
	Nacc
	26
	49(1)
	9(35)

	[43]
	Posner et al. (2016)
	15
	25.6(0.63)
	5(33)
	NA
	Multiple substances, Dependence
	DSM-V
	Bilateral Nacc
	13
	25.77(0.73)
	6(46)

	NACC

	[29]
	Motzkin et al. (2014)
	22
	32(7)
	0(0)
	NA
	Multiple substances, Dependence
	DSM-IV
	Nacc
	18
	31.7(7.5)
	0(0)

	[23]
	Yang et al. (2021)
	68
	39.97(9)
	0(0)
	20.79(8.71)
	Alcohol, Short-term abstinence
	DSM-IV
	Nacc
	68
	38.03(9.53)
	0(0)

	[38]
	Wang et al. (2019)
	16
	28(4.24)
	0(0)
	NA
	Amphetamines, Abuse
	DSM-IV
	Bilateral NAc core, Bilateral NAc shell
	21
	29.52(2.54)
	0(0)

	[40]
	Berlingeri et al. (2017)
	18
	39.28(9.1)
	0(0)
	NA
	Cocaine, Short-term abstinence
	DSM-IV
	Bilateral Nacc
	19
	33.05(9.11)
	6(32)

	[41]
	Zou et al. (2015)
	30
	40.73(5.61)
	6(20)
	14.4(3.77)
	Heroin, Long-term abstinence
	DSM-IV
	Bilateral Nacc
	29
	38.9(6.33)
	7(24)

	[10]
	Camchong et al. (2013a)
	23
	48.46(7.1)
	8(35)
	NA
	Alcohol, Long-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[42]
	Camchong et al. (2013c)
	27
	49.27(7.05)
	9(33)
	NA
	Alcohol, Short-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[11]
	Camchong et al. (2013b)
	36
	47.85(7.3)
	20(56)
	NA
	Multiple substances, Long-term abstinence
	DSM-IV
	Nacc
	23
	47.99(6.7)
	8(35)

	[13]
	Ma et al. (2010)
	14
	30.1(5.3)
	0(0)
	7.11(2.82)
	Heroin, Abuse (methadone treatment)
	DSM-IV
	Bilateral Nacc
	13
	29.8(7.2)
	0(0)

	[1]
	Müller-Oehring et al. (2015)
	27
	50(9)
	9(33)
	NA
	Alcohol, Dependence
	DSM-IV
	Nacc
	26
	49(1)
	9(35)

	[43]
	Posner et al. (2016)
	15
	25.6(0.63)
	5(33)
	NA
	Multiple substances, Dependence
	DSM-V
	Bilateral Nacc
	13
	25.77(0.73)
	6(46)

	dorsal Striatum

	[31]
	Hu et al. (2015)
	56
	39.86(6.71)
	13(23)
	12.64(6.4)
	Cocaine, Dependence
	DSM-IV
	DC, VSs, VSi, DRP, DCP, VRP
	56
	38.7(7.82)
	17(30)

	[32]
	Contreras-Rodríguez et al. (2015)
	20
	34.6(6.8)
	1(5)
	NA
	Cocaine, Dependence
	DSM-IV
	vCAU, vPUT, dPUT
	21
	31(4.6)
	1(5)

	[34]
	Zhang & Li. (2018)
	66
	41.4(7.3)
	22(33)
	20.2(6.9)
	Cocaine, Dependence
	DSM-IV
	VS and subregions (dorsal anterior, dorsal posterior, ventral)
	66
	39.3(9.2)
	30(45)

	[9]
	Blanco-Hinojo et al. (2017)
	28
	21(2)
	0(0)
	6(2.5)
	Cannabis, Dependence
	DSM-IV
	Bilateral dCAU, Bilateral dPUT, Bilateral vCAU, Bilateral vPUT
	29
	22(3)
	0(0)


















[bookmark: _Hlk168257060]
Table S3 The demographic and clinical characteristics of the samples included in the meta- regression analysis of striatal rsFC and impulsivity
	
	Study
	N
	Age, Mean (SD)
	Female, N (%)
	Use duration (SD), years
	Substance and addiction state
	Diagnostic criteria
	BIS-11 total score
	Seed regions

	[31]
	Hu et al. (2015)
	56
	39.86(6.71)
	13(23)
	12.64(6.4)
	Cocaine, Dependence
	DSM-IV
	67.33(10.3)
	DC, VSs, VSi, DRP, DCP, VRP

	[33]
	McHugh et al. (2013)
	45
	43.45(7.14)
	6(13)
	8.34(5.24)
	Cocaine, Dependence
	DSM-IV
	61.26(7.91)
	Bilateral PUT

	[36]
	Lin et al. (2021)
	40
	24.5(2.89)
	20(50)
	5.28(2.66)
	Nicotine, Dependence
	DSM-IV
	56.25(9.12)
	Left CAU

	[37]
	Hung et al. (2020b)
	36
	25.84(5.75)
	10(28)
	4.94(3.21)
	Ketamine, Abuse
	ICD-10
	56.75(9.05)
	CAU, GP

	[40]
	Berlingeri et al. (2017)
	18
	39.28(9.1)
	0(0)
	NA
	Cocaine, Short-term abstinence
	DSM-IV
	71.44(14.78)
	Bilateral Nacc

	[1]
	Müller-Oehring et al. (2015)
	27
	50(9)
	9(33)
	NA
	Alcohol, Dependence
	DSM-IV
	63(11)
	Nacc

	[43]
	Posner et al. (2016)
	15
	25.6(0.63)
	5(33)
	NA
	Multiple substances, Dependence
	DSM-V
	63.47(8.84)
	Bilateral Nacc


References
[1] E.M. Müller-Oehring, Y.C. Jung, A. Pfefferbaum, E.V. Sullivan, and T. Schulte, The Resting Brain of Alcoholics. Cerebral cortex (New York, N.Y. : 1991) 25 (2015) 4155-68.
[2] W. Huang, J.A. King, W.W. Ursprung, S. Zheng, N. Zhang, D.N. Kennedy, D. Ziedonis, and J.R. DiFranza, The development and expression of physical nicotine dependence corresponds to structural and functional alterations in the anterior cingulate-precuneus pathway. Brain and behavior 4 (2014) 408-17.
[3] Y. Zhang, J. Gong, C. Xie, E.M. Ye, X. Jin, H. Song, Z. Yang, and Y. Shao, Alterations in brain connectivity in three sub-regions of the anterior cingulate cortex in heroin-dependent individuals: Evidence from resting state fMRI. Neuroscience 284 (2015) 998-1010.
[4] Y. Wang, J. Zhu, Q. Li, W. Li, N. Wu, Y. Zheng, H. Chang, J. Chen, and W. Wang, Altered fronto-striatal and fronto-cerebellar circuits in heroin-dependent individuals: a resting-state FMRI study. PloS one 8 (2013) e58098.
[5] W. Wang, Y.R. Wang, W. Qin, K. Yuan, J. Tian, Q. Li, L.Y. Yang, L. Lu, and Y.M. Guo, Changes in functional connectivity of ventral anterior cingulate cortex in heroin abusers. Chinese medical journal 123 (2010) 1582-8.
[6] H. Gu, B.J. Salmeron, T.J. Ross, X. Geng, W. Zhan, E.A. Stein, and Y. Yang, Mesocorticolimbic circuits are impaired in chronic cocaine users as demonstrated by resting-state functional connectivity. Neuroimage 53 (2010) 593-601.
[7] T. Liu, J. Li, Z. Zhao, Y. Zhong, Z. Zhang, Q. Xu, G. Yang, G. Lu, S. Pan, and F. Chen, Betel quid dependence is associated with functional connectivity changes of the anterior cingulate cortex: a resting-state fMRI study. Journal of translational medicine 14 (2016) 33.
[8] D.L.N. Martins, T.D.S. Valiatti, J. D'Ávila, L.F. Ferreira, E.K. Batista, P.R. Bazán, R.S.M. de Souza, and E.M. Nakamura-Palacios, Extrinsic functional connectivity of the default mode network in crack-cocaine users. Radiologia brasileira 51 (2018) 1-7.
[9] L. Blanco-Hinojo, J. Pujol, B.J. Harrison, D. Macià, A. Batalla, S. Nogué, M. Torrens, M. Farré, J. Deus, and R. Martín-Santos, Attenuated frontal and sensory inputs to the basal ganglia in cannabis users. Addiction biology 22 (2017) 1036-1047.
[10] J. Camchong, A. Stenger, and G. Fein, Resting-state synchrony in long-term abstinent alcoholics. Alcoholism, clinical and experimental research 37 (2013) 75-85.
[11] J. Camchong, V.A. Stenger, and G. Fein, Resting state synchrony in long-term abstinent alcoholics with versus without comorbid drug dependence. Drug and alcohol dependence 131 (2013) 56-65.
[12] J. Camchong, A.W. MacDonald, 3rd, B. Nelson, C. Bell, B.A. Mueller, S. Specker, and K.O. Lim, Frontal hyperconnectivity related to discounting and reversal learning in cocaine subjects. Biological psychiatry 69 (2011) 1117-23.
[13] N. Ma, Y. Liu, N. Li, C.X. Wang, H. Zhang, X.F. Jiang, H.S. Xu, X.M. Fu, X. Hu, and D.R. Zhang, Addiction related alteration in resting-state brain connectivity. Neuroimage 49 (2010) 738-44.
[14] A. Verdejo-Garcia, O. Contreras-Rodríguez, F. Fonseca, A. Cuenca, C. Soriano-Mas, J. Rodriguez, R. Pardo-Lozano, L. Blanco-Hinojo, S. de Sola Llopis, M. Farré, M. Torrens, J. Pujol, and R. de la Torre, Functional alteration in frontolimbic systems relevant to moral judgment in cocaine-dependent subjects. Addiction biology 19 (2014) 272-81.
[15] J. Aloi, M.C. McCusker, B.J. Lew, M. Schantell, J.A. Eastman, M.R. Frenzel, and T.W. Wilson, Altered amygdala-cortical connectivity in individuals with Cannabis use disorder. Journal of psychopharmacology (Oxford, England) 35 (2021) 1365-1374.
[16] L.E. Hong, C.A. Hodgkinson, Y. Yang, H. Sampath, T.J. Ross, B. Buchholz, B.J. Salmeron, V. Srivastava, G.K. Thaker, D. Goldman, and E.A. Stein, A genetically modulated, intrinsic cingulate circuit supports human nicotine addiction. Proceedings of the National Academy of Sciences of the United States of America 107 (2010) 13509-14.
[17] J. Wang, Y. Fan, Y. Dong, M. Ma, Y. Dong, Y. Niu, Y. Jiang, H. Wang, Z. Wang, L. Wu, H. Sun, and C. Cui, Combining gray matter volume in the cuneus and the cuneus-prefrontal connectivity may predict early relapse in abstinent alcohol-dependent patients. PloS one 13 (2018) e0196860.
[18] J. Wang, Y. Fan, Y. Dong, M. Ma, Y. Ma, Y. Dong, Y. Niu, Y. Jiang, H. Wang, Z. Wang, L. Wu, H. Sun, and C. Cui, Alterations in Brain Structure and Functional Connectivity in Alcohol Dependent Patients and Possible Association with Impulsivity. PloS one 11 (2016) e0161956.
[19] X. Ge, Y.W. Sun, X. Han, Y. Wang, W.N. Ding, M.Q. Cao, Y.S. Du, J.R. Xu, and Y. Zhou, Difference in the functional connectivity of the dorsolateral prefrontal cortex between smokers with nicotine dependence and individuals with internet gaming disorder. BMC neuroscience 18 (2017).
[20] T. Zhai, Y. Shao, G. Chen, E. Ye, L. Ma, L. Wang, Y. Lei, G. Chen, W. Li, F. Zou, X. Jin, S.J. Li, and Z. Yang, Nature of functional links in valuation networks differentiates impulsive behaviors between abstinent heroin-dependent subjects and nondrug-using subjects. Neuroimage 115 (2015) 76-84.
[21] O. Contreras-Rodríguez, N. Albein-Urios, R. Vilar-López, J.C. Perales, J.M. Martínez-Gonzalez, M.J. Fernández-Serrano, O. Lozano-Rojas, L. Clark, and A. Verdejo-García, Increased corticolimbic connectivity in cocaine dependence versus pathological gambling is associated with drug severity and emotion-related impulsivity. Addiction biology 21 (2016) 709-18.
[22] Y.W. Qiu, X.F. Lv, G.H. Jiang, H.H. Su, T. Yu, J.Z. Tian, X.L. Zhang, and F.Z. Zhuo, Reduced ventral medial prefrontal cortex (vmPFC) volume and impaired vmPFC-default mode network integration in codeine-containing cough syrups users. Drug and alcohol dependence 134 (2014) 314-321.
[23] X. Yang, Y.J. Meng, Y.J. Tao, R.H. Deng, H.Y. Wang, X.J. Li, W. Wei, Y. Hua, Q. Wang, W. Deng, L.S. Zhao, X.H. Ma, M.L. Li, J.J. Xu, J. Li, Y.S. Liu, Z. Tang, X.D. Du, J.W. Coid, A.J. Greenshaw, T. Li, and W.J. Guo, Functional Connectivity of Nucleus Accumbens and Medial Prefrontal Cortex With Other Brain Regions During Early-Abstinence Is Associated With Alcohol Dependence and Relapse: A Resting-Functional Magnetic Resonance Imaging Study. Front Psychiatry 12 (2021) 609458.
[24] C.C. Hung, Y.H. Liu, C.C. Huang, C.Y. Chou, C.M. Chen, J.R. Duann, C.R. Li, T.S. Lee, and C.P. Lin, Effects of early ketamine exposure on cerebral gray matter volume and functional connectivity. Sci Rep 10 (2020) 15488.
[25] K. Zimmermann, S. Yao, M. Heinz, F. Zhou, W. Dau, M. Banger, B. Weber, R. Hurlemann, and B. Becker, Altered orbitofrontal activity and dorsal striatal connectivity during emotion processing in dependent marijuana users after 28 days of abstinence. Psychopharmacology (Berl) 235 (2018) 849-859.
[26] H.C. Lin, P.W. Wang, H.C. Wu, C.H. Ko, Y.H. Yang, and C.F. Yen, Altered gray matter volume and disrupted functional connectivity of dorsolateral prefrontal cortex in men with heroin dependence. Psychiatry and clinical neurosciences 72 (2018) 435-444.
[27] M. Kohno, J.M. Loftis, M. Huckans, L.E. Dennis, H. McCready, and W.F. Hoffman, The relationship between interleukin-6 and functional connectivity in methamphetamine users. Neuroscience letters 677 (2018) 49-54.
[28] Y.B. Qi, X.M. Fu, R.B. Qian, C.S. Niu, and X.P. Wei, Altered functional connectivity of prefrontal cortex in chronic heroin abusers. Neural regeneration research 6 (2011) 2193-2197.
[29] J.C. Motzkin, A. Baskin-Sommers, J.P. Newman, K.A. Kiehl, and M. Koenigs, Neural correlates of substance abuse: reduced functional connectivity between areas underlying reward and cognitive control. Human brain mapping 35 (2014) 4282-92.
[30] K. Yuan, D. Yu, Y. Bi, Y. Li, Y. Guan, J. Liu, Y. Zhang, W. Qin, X. Lu, and J. Tian, The implication of frontostriatal circuits in young smokers: A resting-state study. Human brain mapping 37 (2016) 2013-26.
[31] Y. Hu, B.J. Salmeron, H. Gu, E.A. Stein, and Y. Yang, Impaired functional connectivity within and between frontostriatal circuits and its association with compulsive drug use and trait impulsivity in cocaine addiction. JAMA psychiatry 72 (2015) 584-92.
[32] O. Contreras-Rodríguez, N. Albein-Urios, J.C. Perales, J.M. Martínez-Gonzalez, R. Vilar-López, M.J. Fernández-Serrano, O. Lozano-Rojas, and A. Verdejo-García, Cocaine-specific neuroplasticity in the ventral striatum network is linked to delay discounting and drug relapse. Addiction (Abingdon, England) 110 (2015) 1953-62.
[33] M.J. McHugh, C.H. Demers, J. Braud, R. Briggs, B. Adinoff, and E.A. Stein, Striatal-insula circuits in cocaine addiction: implications for impulsivity and relapse risk. The American journal of drug and alcohol abuse 39 (2013) 424-32.
[34] S. Zhang, and C.R. Li, Ventral striatal dysfunction in cocaine dependence - difference mapping for subregional resting state functional connectivity. Transl Psychiatry 8 (2018) 119.
[35] T. Qiu, F. Xie, Q. Zeng, Z. Shen, G. Du, X. Xu, C. Wang, X. Li, X. Luo, K. Li, P. Huang, T. Zhang, J. Zhang, S. Dai, and M. Zhang, Interactions between cigarette smoking and cognitive status on functional connectivity of the cortico-striatal circuits in individuals without dementia: A resting-state functional MRI study. CNS neuroscience & therapeutics 28 (2022) 1195-1204.
[36] F. Lin, X. Han, Y. Wang, W. Ding, Y. Sun, Y. Zhou, and H. Lei, Sex-specific effects of cigarette smoking on caudate and amygdala volume and resting-state functional connectivity. Brain imaging and behavior 15 (2021) 1-13.
[37] C.C. Hung, S. Zhang, C.M. Chen, J.R. Duann, C.P. Lin, T.S. Lee, and C.R. Li, Striatal functional connectivity in chronic ketamine users: a pilot study. The American journal of drug and alcohol abuse 46 (2020) 31-43.
[38] Y. Wang, K.J. Yan, C.X. Fan, X.N. Luo, and Y. Zhou, Altered functional connectivity of the nucleus accumbens subdivisions in amphetamine-type stimulant abusers: a resting-state fMRI study. BMC neuroscience 20 (2019) 66.
[39] M. Kohno, L.E. Dennis, H. McCready, and W.F. Hoffman, Executive Control and Striatal Resting-State Network Interact with Risk Factors to Influence Treatment Outcomes in Alcohol-Use Disorder. Front Psychiatry 8 (2017) 182.
[40] M. Berlingeri, D. Losasso, A. Girolo, E. Cozzolino, T. Masullo, M. Scotto, M. Sberna, G. Bottini, and E. Paulesu, Resting state brain connectivity patterns before eventual relapse into cocaine abuse. Behav Brain Res 327 (2017) 121-132.
[41] F. Zou, X. Wu, T. Zhai, Y. Lei, Y. Shao, X. Jin, S. Tan, B. Wu, L. Wang, and Z. Yang, Abnormal resting-state functional connectivity of the nucleus accumbens in multi-year abstinent heroin addicts. Journal of neuroscience research 93 (2015) 1693-702.
[42] J. Camchong, V.A. Stenger, and G. Fein, Resting-state synchrony in short-term versus long-term abstinent alcoholics. Alcoholism, clinical and experimental research 37 (2013) 794-803.
[43] J. Posner, L. Amira, A. Algaze, G. Canino, and C.S. Duarte, Reduced Functional Connectivity within the Mesocorticolimbic System in Substance Use Disorders: An fMRI Study of Puerto Rican Young Adults. Frontiers in behavioral neuroscience 10 (2016) 102.
[44] C. Orban, J. McGonigle, R.S.A. Flechais, L.M. Paterson, R. Elliott, D. Erritzoe, K.D. Ersche, A. Murphy, L.J. Nestor, F. Passetti, L.J. Reed, A.S. Ribeiro, D.G. Smith, J. Suckling, E.M. Taylor, A.D. Waldman, V.C. Wing, J.F.W. Deakin, T.W. Robbins, D.J. Nutt, and A.R. Lingford-Hughes, Chronic alcohol exposure differentially modulates structural and functional properties of amygdala: A cross-sectional study. Addiction biology 26 (2021).
[45] M. Um, T.A. Hummer, and M.A. Cyders, Relationship of negative urgency to cingulo-insular and cortico-striatal resting state functional connectivity in tobacco use. Brain imaging and behavior 14 (2020) 1921-1932.
[46] S.F. Dean, S.J. Fede, N. Diazgranados, and R. Momenan, Addiction neurocircuitry and negative affect: A role for neuroticism in understanding amygdala connectivity and alcohol use disorder. Neuroscience letters 722 (2020) 134773.
[47] T. Balducci, J.J. González-Olvera, D. Angeles-Valdez, I. Espinoza-Luna, and E.A. Garza-Villarreal, Borderline Personality Disorder With Cocaine Dependence: Impulsivity, Emotional Dysregulation and Amygdala Functional Connectivity. Front Psychiatry 9 (2018) 328.
[48] Z. Shen, P. Huang, C. Wang, W. Qian, X. Luo, X. Guan, T. Qiu, Y. Yang, and M. Zhang, Altered function but not structure of the amygdala in nicotine-dependent individuals. Neuropsychologia 107 (2017) 102-107.
[49] M.J. McHugh, C.H. Demers, B.J. Salmeron, M.D. Devous, Sr., E.A. Stein, and B. Adinoff, Cortico-amygdala coupling as a marker of early relapse risk in cocaine-addicted individuals. Front Psychiatry 5 (2014) 16.
[50] C. Wang, J. Bai, C. Wang, K.M. von Deneen, K. Yuan, and J. Cheng, Altered thalamo-cortical resting state functional connectivity in smokers. Neuroscience letters 653 (2017) 120-125.
[51] M. Zhang, S. Liu, S. Wang, Y. Xu, L. Chen, Z. Shao, X. Wen, W. Yang, J. Liu, and K. Yuan, Reduced thalamic resting-state functional connectivity and impaired cognition in acute abstinent heroin users. Human brain mapping 42 (2021) 2077-2088.
[52] J. Liu, W. Cai, M. Zhao, W. Cai, F. Sui, W. Hou, H. Wang, D. Yu, and K. Yuan, Reduced resting-state functional connectivity and sleep impairment in abstinent male alcohol-dependent patients. Human brain mapping 40 (2019) 4941-4951.
[53] W. Qian, P. Huang, Z. Shen, C. Wang, Y. Yang, and M. Zhang, Brain Gray Matter Volume and Functional Connectivity Are Associated With Smoking Cessation Outcomes. Frontiers in human neuroscience 13 (2019) 361.






















Table S4 Egger test results of the effector brain regions in each seed region
	[bookmark: _Hlk167716240]Seed region
	Effect region
	MNI coordinates (x, y, z)
	Cluster Size
	Egger test
(p value)

	ACC
	Right ACC / PCG, BA 24
	2, 28, 24
	458
	0.995

	
	[bookmark: _Hlk150336653][bookmark: _Hlk150330931]Right IFG, triangular part, BA 45
	56, 24, 0
	266
	0.984

	
	Right IFG, triangular part, BA 45
	52, 32, 18
	240
	0.997

	
	[bookmark: _Hlk150347919]Left IFG, triangular part, BA 48
	-52, 20, 6
	215
	0.995

	
	[bookmark: _Hlk150350424]Left MFG, BA 45
	-38, 48, 18
	123
	0.995

	
	[bookmark: _Hlk150350436]Right LN, putamen, BA 48
	30, 4, -2
	98
	0.988

	
	[bookmark: _Hlk150350489]Right IPG (excluding supramarginal and angular), BA 40
	54, -38, 52
	52
	0.976

	
	Right HIP, BA 20
	30, -18, -18
	61
	0.998

	
	Right PHG, BA 20
	32, -18, -30
	48
	0.979

	PFC
	[bookmark: _Hlk150351550]Left SFG, orbital part, BA 11
	-14, 30, -18
	66
	1.0

	
	[bookmark: _Hlk150351564]Right striatum
	10, 8, -6
	59
	0.995

	
	Right IFG, orbital part, BA 47
	46, 40, -10
	677
	0.999

	
	Left IFG, orbital part, BA 47
	-38, 22, -6
	254
	0.992

	[bookmark: _Hlk150351761]Striatum
	[bookmark: _Hlk150365846]Right cerebellum, hemispheric lobule IV / V
	12, -54, -24
	306
	0.999

	
	[bookmark: _Hlk150352175]Right SFG, medial orbital, BA 10
	8, 64, -2
	113
	1.0

	
	Right SFG, dorsolateral, BA 10
	26, 60, 4
	53
	0.997

	
	Right PHG, BA 20
	32, -26, -18
	100
	0.992

	
	Right MTG, BA 21
	60, -52, 8
	71
	0.994

	
	Right MCG/PCG, BA 23
	2, -8, 40
	75
	0.988

	
	Left STG, BA 48
	-38, -8, -10
	58
	0.993

	
	Lef PHG, BA 37
	-26, -38, -6
	55
	0.992

	
	Left ITG, BA 20
	-38, 8, -36
	50
	0.991

	[bookmark: _Hlk151305299]Amygdaloid
	[bookmark: _Hlk150353913]Right PHG, BA 28
	24, -2, -30
	20
	0.998

	
	[bookmark: _Hlk150353933]Left SFG, medial, BA 10
	-4, 62, 0
	193
	0.999

	
	Left ACC/PCG, BA 32
	2, 42, 20
	44
	1.0

	Thalamus
	Left SFG, medial, BA 32
	2, 42, 28
	237
	0.993

	
	Left CN
	-12, 2, 18
	23
	0.993

	Ventral Striatum
	[bookmark: _Hlk150354799]Right SFG, dorsolateral, BA 10
	24, 62, 4
	183
	0.997

	
	Left ACC/PCG, BA 32
	-6, 32, 22
	586
	0.989

	
	Left LN, putamen, BA 48
	-32, -12, 2
	440
	0.998

	
	Left HIP, BA 28
	-18, -4, -20
	17
	0.994

	NACC
	[bookmark: _Hlk150355075]Right SFG, medial orbital, BA 10
	6, 64, -2
	365
	0.998

	
	[bookmark: _Hlk150355103]Left precuneus, BA 7
	-10, -62, 60
	35
	1.0

	
	[bookmark: _Hlk150355129]Left striatum
	-28, -2, -8
	796
	1.0

	
	[bookmark: _Hlk150355137]Left fusiform gyrus, BA 37
	-30, -40, -22
	558
	0.999

	
	[bookmark: _Hlk150355147]Corpus callosum
	8, -16, 58
	67
	0.999





