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Table 1:

Summary of Brain Recovery in in Human Substance-Using Samples. Studies are sorted by imaging measure, drug type and by the increasing duration of abstinence (at the final neuroimaging scan).

(A) STRUCTURAL STUDIES

Study Sample (at each time

point)

Imaging Modality/ Whole brain analysis or a priori ROI

assessed

Abstinence

Length (at

each scan)

Statistical Threshold for

Longitudinal Changes

Crosssectional Results (SUD vs.

HC)

Within-Group Longitudinal

Changes

Alcohol

GM and WM

van Eijk et al.

(2013)

T1

HC: n=55

SUD: n=49

T2

HC: n=20

SUD: n=49

3T MRI: T1- weighted MPRAGE ROI (anterior frontal gyrus,

cingulate gyrus, insula, parietal and temporal lobes,

cerebellum, and hippocampus); total WM

T1: 1 day

T2: 2 weeks

p<0.05; whole-brain

FWE-corrected

SUD at T1 vs. HC at T1

↓ GM volume: middle and

inferior frontal gyrus, cingulate

and precentral gyrus, insula,

precuneus, superior parietal

lobule, middle temporal gurus,

and cerebellum

SUD at T2 vs. HC at T2

Not reported

HC

NS

SUD

↑ GM volume: cingulate gyrus,

insula, temporal gyrus,

precuneus, parietal lobule, and

cerebellum

Kuhn et al.

(2014)

T1

HC: n=32

SUD: n=42

T2

HC: n=32

SUD: n=42

3T MRI: T1- weighted MPRAGE ROI (hippocampal

subfields)

T1: ~ 9 days

T2: 2 weeks

p<0.017; Bonferroni corrected

for 3 ROIs

SUD at T1 vs. HC at T1

↓ GM volume: hippocampus

(subfield CA2+3)

SUD at T2 vs. HC at T2

NS

HC

NS

SUD

↑ GM volume: hippocampus

(subfield xCA2+3)

Wang et al.

(2016)

T1

HC: n=20

SUD: n=49

T2

HC: n=20

SUD: n=49

3T MRI: T1- weighted MPRAGE ROI in subcortical regions

(volume: hippocampus, amygdala, caudate, putamen,

pallidum, nucleus accumbens); cortical thickness; surface

area in cortical areas

T1: 1 day

T2: 2 weeks

Subcortical regions: p<0.05

Cortical thickness and surface

area: cluster-wise correction

with Monte Carlo simulations

(vertex-wise threshold p< 0.05,

5,000 iterations)

SUD at T1 vs. HC at T1

↓ GM volume: hippocampu

s, amygdala, putamen, and

nucleus accumbens

↓ Cortical thickness:

medial OFC, middle frontal,

superior frontal, and inferior

frontal lobe, rostral ACC,

inferior parietal lobe, fusiform,

inferior temporal and lateral

occipital lobe Surface area: NS

SUD at T2 vs. HC at T2

↓ GM volume: hippocampus,

amygdala, putamen, and

nucleus accumbens

↓ Cortical thickness:

middle frontal, superior frontal,

and inferior frontal lobe, inferior

parietal lobe, fusiform, inferior

temporal and lateral occipital

lobe Surface area: NS

HC

NS

SUD

↑ Cortical thickness: medial

OFC, middle frontal, superior

frontal, rostral ACC, cuneus, and

inferior parietal and lateral

occipital regions; ↑in global sulci

> gyri

Bach et al.

(2020)

T1

HC: n=74

SUD: n=62

T2

HC: N/A

SUD: n=62

3T MRI: T1- weighted MPRAGE Whole-brain volume and

cortical thickness

T1: ~12 days

T2: 27 days

p<0.05;

FWE-corrected

SUD at T1 vs. HC at T1

↓ GM volume: superior, inferior

and middle frontal gyrus,

posterior cingulate gyrus, insula,

fusiform gyrus, hippocampus,

amygdala, thalamus, putamen,

precuneus, and cuneus

↓ cortical thickness: superior

frontal cortex, rostral middle

frontal cortex, caudal middle

frontal cortex and medial and

lateral OFC, superior parietal

cortex, occipital cortex,

precuneus, cuneus, lingual and

fusiform cortex

SUD at T2 vs. HC at T1

↓ GM volume: posterior

cingulate gyrus, insula, fusiform

gyrus, hippocampus, thalamus,

and precuneus

↓ cortical thickness: superior

parietal cortex, occipital cortex,

and precuneus

HC

N/A

SUD

↑ GM volume: middle and

inferior

frontal gyri, middle cingulate

gyrus, insula, supramarginal

gyrus, and precuneus

↑ cortical thickness: superior

frontal cortex, rostral middle

frontal cortices, lateral OFC,

insula, and lateral occipital

cortex

Durazzo et al.

(2017)

T1

HC: n=33

SUD: n=82

T2

HC: N/A

SUD: n=42

1.5T MRI: T1- weighted MPRAGE

ROI (frontal, parietal, temporal, occipital lobes GM and

WM)

T1: 1 week

T2: 4 weeks

p < .024 SUD at T1 vs. HC at T1

↓ GM volume: frontal, parietal,

temporal, and occipital

SUD at T2 vs. HC at T1

↓ GM volume: frontal, parietal,

and occipital

HC

N/A

SUD

↑ GM volume: frontal

Durazzo and

Meyerhoff

(2020)

T1

HC: n=33

SUD: n=78

T2

HC: N/A

SUD: 24

1.5T MRI: T1- weighted MPRAGE ROI (DLPFC, OFC, ACC,

precentral gyri, and insula)

T1: 1 week

T2: 4 weeks

p<0.05; corrected SUD at T1 vs. HC at T1

↓ GM volume: rostral ACC,

medial OFC, insula and total

frontal cortex

SUD at T2 vs. HC at T1

↓ GM volume: rostral ACC and

insula

HC

N/A

SUD

NS

Gazdzinski et al.

(2008)

T1

HC: 14

SUD: n=24

(13smokers, 11 non-

smokers)

T2

HC: N/A

SUD: n=24

1.5T MRI: T1- weighted MPRAGE

ROI (hippocampus)

T1: 1 week

T2: 1 month

p<0.05;

uncorrected

SUD at T1 vs. HC at T1

NS

SUD at T2 vs. HC at T1

NS

HC

N/A

SUD

↑ GM volume: hippocampus (in

both smokers and non-smokers)

Mon et al.

(2013)

T1

HC: n=17

(not genotyped)

SUD: n=41 (26 Val/Val

BDNF, 15 Val/Met BDNF)

T2

HC: n=17

SUD: n=41

1.5T MRI: T1- weighted MPRAGE ROI (GM major lobes and

subcortical regions: thalamus, lenticular nuclei, caudate,

brainstem, and cerebellum; WM major lobes)

T1: 1 week

T2: 5 weeks

p≤0.027 and p≤0.017

respectively

for cortical and subcortical

regions

Not reported HC

NS

SUD

Val/Val

BDNF

carriers

↑ GM volume: frontal, parietal,

and temporal lobes, and

thalamus

↓ GM volume: caudate

Val/Met

BDNF carriers

↑ GM volume: cerebellum,

temporal lobe

↑ WM volume: frontal lobe

parietal, and temporal lobes (at

trend level)

Demirakca et al.

(2011)

T1

HC: n=66

SUD: n=50

T2

HC: N/A

SUD: n=14

1.5T MRI: T1- weighted MPRAGE Global GM, WM, and ROI

(cingulate gyrus, OFC, insula, thalamus, amygdala, and

hippocampus)

T1: 5 weeks

T2: 4 months

p<0.05 (FWE) SUD at T1 vs. HC at T1

↓ GM volume: anterior and

middle cingulate gyrus, insula,

superior temporal gyrus,

parahippoca mpal gyrus,

amygdala,

SUD at T2 vs. HC at T1

N/A

HC

N/A

SUD

↑ total GM and WM volume

↑ GM volume: OFC, cingulate

gyrus, and insula

Shear et al.

(1994)

T1

HC: n=N/A

SUD: n=24

T2

HC: N/A

SUD: n=15

1.5T MRI: Protondensity and T2weighted scans (Total GM

and WM)

T1: 1 month

T2: 4 months

p<0.05 N/A HC

N/A

SUD

↑ total WM volume

Hoefer et al.

(2014)

T1

HC: n=35

(not genotyped)sUD:

n=84 (subset: 26 Val/Val

BDNF, 15 Val/Met BDNF)

T2

HC: n=N/A

SUD: n=121

T3

HC: 16

SUD: n=37

1.5 T MRI: T1- weighted MPRAGE ROI: hippocampus T1: 1 week

T2: 1 month

T3: 7 months

p<0.05 (uncorrected) SUD at T1 vs. HC at T1

↓ GM volume: hippocampus

SUD at T2 vs. HC at T3

↓ GM volume: hippocampus

SUD at T2 vs. HC at T3

↓ GM volume: hippocampus

HC

NS

SUD

↑ GM at trend level:

hippocampus (between T1 and

T3) in Val/Val carriers No effect

of smoking

Cardenas et al.

(2007)

T1

HC: n=18

SUD: n=47

T2

HC: n=8

SUD: n=17

1.5T MRI: T1- weighted MPRAGE

Whole-brain (GM; WM)

T1: ~1 week

T2: 7 months

p<0.05; uncorrected SUD at T1 vs. HC at T1

↓ GM and WM volume: DLPFC ↓
GM: temporal

region

SUD at T2 vs. HC at T2

Not reported

HC

NS

SUD

↑ GM volume: OFC and parietal

lobes

Durazzo et al.

(2015)

T1

HC: n=32

SUD: n=82 (46smokers,

36 non-smokers)

T2

HC: N/A

SUD: n=82

T3

HC: n=15

SUD: n=36

1.5T MRI: T1- weighted MPRAGE ROI (GM: frontal,

parietal, temporal, occipital lobes, thalamus, caudate,

lenticular nucleus, and cerebellum; WM: frontal, parietal,

temporal, occipital lobes)

T1: 1 week

T2: 5 weeks

T3: 7.5

months

p<0.05; uncorrected SUD at T1 vs. HC at T1

↓ GM volume: frontal and

parietal lobes, thalamus, and

lenticular nucleus (in smokers +

non-smokers)

SUD at T2 vs. HC at T1

↓ GM volume: frontal and

parietal lobes, thalamus, and

lenticular nucleus (in smokers +

non-smokers)

SUD at T3 vs. HC at T1

↓ GM volume: frontal and

parietal lobes, thalamus, and

lenticular nucleus (in smokers +

non-smokers)

HC

NS

SUD

↑ GM volume: frontal and

parietal lobes and thalamus, and

cerebellum (T2>T1)>(T3>T1)

frontal, parietal, occipital lobes,

thalamus, caudate, and

cerebellum (T3>T2) frontal and

parietal lobes, thalamus, and

cerebellum

(T2-T3>T1-T2)

↑ WM volume: parietal,

temporal, and occipital lobes

(T2-T3)

Zou et al. (2018) T1

HC: n=17

SUD: n=65

T2

HC: N/A

SUD: n=82

T3

HC: n=17

SUD: n=36

1.5T MRI: T1- weighted MPRAGE ROI (DLPFC, OFC, ACC,

insula, amygdala, and hippocampus)

T1: 1 week

T2: 1 month

T3: 7.5

months

p<0.023; modified Bonferroni

correction

SUD at T1 vs. HC at T1

↓ GM volume: DLPFC, ACC,

insula (at trend level), and

hippocampus

SUD at T2 vs. HC at T1

↓ GM volume: DLPFC, ACC,

insula (at trend level), and

hippocampus

SUD at T3 vs. HC at T3

↓ GM volume: hippocampus

HC

NS

SUD

↑ GM volume: DLPFC, OFC,

insula, and hippocampus

(T2>T1) DLPFC, OFC, ACC,

insula, and hippocampus

(T3>T2) DLPFC, OFC, and

insula (T3>T2>>T1)

Hippocampus (T3>T2>T1)

Gazdzinski et al.

(2005)

T1

HC: n=17

SUD: n=18

T2

HC: N/A

SUD: n=23

T3

HC: n=17

SUD: n=7

1.5T MRI: T1- weighted MPRAGE

Whole-brain

T1: 1 week

T2: 1 month

T3: 6–12

months for

SUD; 2 years

for HC

p<0.05; uncorrected SUD at T1 vs. HC at T1

Not reported

SUD at T2 vs. HC at T3

Not reported

HC

NS

SUD

↑ total GM volume

(T1-T2<<T2<T3)

Pfefferbaum et

al. (1995)

T1

HC: n=58

SUD: n=58

T2

HC: n=58

SUD: n=58

T3

HC: n=11

SUD: n=19

1.5T MRI: T1- weighted Spin Echo ROI (anterior and

posterior cortical

GM and WM

volume, basal ganglia, thalamus, and subcortical

WM)

T1: ~12 days

T2: 1 month

T3: up to 12

months

(~130 days)

p<0.05; uncorrected SUD at T1 vs. HC at T1

↓ GM and WM volume: anterior

and posterior cortical regions

↓ GM volume: thalamus

SUD AT T2

VS. HC AT T2

↓ GM and WM volume: anterior

and posterior cortical regions

↓ GM volume: thalamus

SUD at T3 vs. HC at T1

↓ WM volume: anterior and

posterior cortical regions

HC

NS

SUD

↑ GM volume: anterior cortical

regions (at trend level) (T2>T1)

DTI

Gazdzinski et al.

(2010)

T1

HC: n=22

SUD: n=36

(20smokers, 16 non-

smokers)

T2

HC: 22

SUD: n=21

(11smokers, 10 non-

smokers)

1.5T MRI: DTI single-shot doublerefocused spinecho echo-

planar imaging sequence ROI (frontal, temporal, parietal

and occipital white matter)

T1: ~4.5

days

T2: ~1

month (SUD)

T2: 1 year

(HC)

p<0.05; uncorrected SUD AT T1 VS. HC at T1

↑ MD: frontal, temporal and

parietal white matter in non-

smokers

↑ MD: frontal white matter

insmokers

SUD at T2 vs. HC at T2

NS

HC

NS

SUD

↑ FA: temporal white matter

↓ MD: mean diffusivity in

frontal, temporal, parietal, and

occipital in non-smokers and

↑ WM volume in frontal and

temporal lobes in smokers

Alhassoon et al.

(2012)

T1

HC: n=15

SUD: n=15

T2

HC: n=15

SUD: n=15

1.5T MRI: DTI single-shot, stimulated-echo sequence with

spiral acquisition ROI (genu and body of corpus collosum)

T1: 2 weeks

T2: 1 year

p<0.05; uncorrected SUD at T1 vs. HC at T1

↓ FA & ↑RD

SUD at T2 vs. HC at T2

NS

HC

NS

SUD

↑ FA, ↓ RD: Genu and body of

the corpus collosum

Pfefferbaum et al

(2014)

T1

HC: n=56

SUD: n= 47

T2

HC: n=56

SUD: n=27

1.5T MRI: DTI single shot spinecho, echo-planar diffusion-

weighted sequence

ROI: 27 ROIs (21 bilateral and 6 midline regions) were

examined

T1: 47 weeks

(mean)

T2: 1–8 years

(325.5 ±

391.9 weeks)

p<0.001; tfce SUD at T1 vs. HC at T1

Not reported

SUD at T2 vs. HC at T2

↓ FA

HC

↓ FA

SUD

↑ FA: 20 out of 27 ROIs

including corpus collosum, the

fornix, corona radiata

Cocaine

GM

Parvaz et al.

(2016)

T1

HC: n=12

SUD: n=19

T2

HC: n=12

SUD: n=19

4T MRI: T1- weighted 3DMDEFT Whole-brain T1: ~3 weeks

T2: 6 months

p<0.005; uncorrected >50

contiguous voxels

SUD at T1 vs. HC at T1

Not reported

SUD at T2 vs. HC at T2

Not reported

HC

NS

SUD

↑ GM volume: IFG, vmPFC, OFC

Methamphetamine

GM

Ruan et al.

(2018)

T1

HC: n=27

SUD: n=19

T2

HC: N/A

SUD: n=29

3T MRI: T1- weighted scan (sequence not reported) Whole-

brain

T1: 6 months

T2: 12

months

p<0.05 (FWE); >500

contiguous voxels

SUD at T1 vs. HC at T1

↓GM volume: precentral gyrus,

fusiform gyrus, caudate, and

cerebellum

SUD at T2 vs. HC at T2

Not reported

HC N/A

SUD

↑ GM volume: cerebellum

↓ GM volume: cingulate gyrus

DTI

Zhuang et al.

(2016)

T1

HC: n=19

SUD: n=20

T2

HC: N/A

SUD: n=19

3T MRI: single-shot EPI DWI Whole-brain + ROI (based on

group differences)

T1: 6 months

T2: 13

months

p<0.05; uncorrected SUD at T1 vs. HC at T1

↓FA and ↑RD : internal capsule

and superior corona radiata

↑MD: internal capsule

SUD at T2 vs. HC at T1

Not reported

HC

N/A

SUD

↓FA: internal capsule and

superior corona radiata

Heroin

GM

Wang et al

(2012b)

T1

HC: n=19

SUD: n=20

T2

HC: N/A

SUD: n=20

1.5T MRI: T1- weighted scan (sequence not reported)

Whole-brain

T1: 3 days

T2: 1 month

p< 0.001; uncorrected, >100

clusters

SUD at T1 vs. HC at T1

↓ GM volume: superior and

middle frontal gyrus, posterior

cingulate, and inferior occipital

gyrus

SUD at T2 vs. HC at T1

↓ GM volume: middle frontal

gyrus, posterior cingulate, and

inferior occipital gyrus

HC

N/A

SUD

NS

DTI

Wang et al

(2013)

T1

HC: n=20

SUD: n=20

T2

HC: N/A

SUD: n=20

1.5T MRI: DTI (sequence not reported) Whole-brain T1: 3 days

T2: 1 month

< 0.001; uncorrected, >15

voxels

SUD at T1 vs. HC at T1

↓ FA: frontal gyrus and cingulate

gyrus

SUD at T2 vs. HC at T1

NS

HC

N/A

SUD

NS

(B) FUNCTIONAL STUDIES

Study Sample (at each time

point)

Imaging Modality / Whole

brain analysis or a priori ROI

assessed

Task or Stim uli Abstinence

Length (at

each scan)

Statistical Threshold for

Longitudinal Changes

Crosssectional Results (SUD vs.

HC)

Within-Group Longitudinal

Changes

Alcohol

Mon et al (2009) T1

HC: n=28

SUD: n=58

T2

HC: n=13

SUD: n=41 (22 cigarett

esmokers, 19 non-

smokers)

Perfusion MRI (ASL): Frontal

and Parietal GM

Rest: Eyes closed T1: 6 days

T2: 34 days

p<0.05 SUD at T1 vs. HC at T1

↓ Cerebral blood flow: Frontal

and parietal GM

SUD at T2 vs. HC at T1

↓ Cerebral blood flow: Parietal

GM

Non-smokers

NS

Smokers

↓ Cerebral blood flow: Frontal

and parietal GM

HC

NS

SUD

NS

Non-smokers

↑ Cerebral blood flow: Frontal

and parietal GM

Smokers

NS

Durazzo et al.,

(2010)

T1

HC: 28

SUD: n=57

T2

HC: N/A

SUD: n=41

SUD labeled as Abs or

Rel based on a 12

months clinical follow-up

Perfusion MRI (ASL): Frontal

and parietal GM

N/A T1: 7 ± 3

days

T2: 35 ± 11

days

p<0.05 SUD-Abs at T1 vs. SUDRel at

T1 vs. HC at T1

↓ Cerebral blood flow in Rel

compared to both Abs and HC:

Frontal and parietal GM

SUD-Abs at T2 vs. SUDRel at

T2 vs. HC at T1

↓ Cerebral blood flow in Rel

compared to both Abs and HC:

Frontal GM

HC

N/A

SUD

NS

Colrain et al

(2012)

T1

HC: N/A

SUD: n=15

T2

HC: N/A

SUD: n=15

EEG (Sleep evoked potentials):

FP1, FP2, Fz, FCz, Cz, CPz, Pz

Auditory stimuli T1: 165 days

T2: 394 days

p<0.05 N/A HC

N/A

SUD

↑ N550 and ↑ P900 amplitudes:

Frontal electrodes

Nicotine

Janes et al.,

(2009)

T1

HC: N/A

SUD: n=13

T2

HC: N/A

SUD: n=13

Task fMRI: Whole-brain Cue reactivity

(smokingrelated versus

neutral pictures)

T1: prequit

T2: 52 ± 11

days

P<0.005 N/A HC

N/A

SUD

↑ BOLD activation (smoking vs.

neutral pictures): Frontal cortex

(BA 6, 9, 44, 46), ACC (BA 24,

32), PCC (BA 31), temporal

cortex (BA 22, 41, 42), parietal

cortex (BA 1, 2, 4, 7, 40), and

caudate.

↓ BOLD activation (smoking vs.

neutral pictures): hippocampus

Cocaine

Balodis et al.

(2016)

T1

HC: n=28

SUD: n=29

T2

HC: n=28

SUD: n=29

Task fMRI: Whole-brain and ROI

(VS)

MID task (reward and

loss anticipatio n, reward

and loss outcome)

T1: 2 months

T2: 5 months

p< 0.05

(FWE)

N/A HC

↓ BOLD activation (reward

outcome): Ventromedial PFC

extending to ACC

SUD

↑ BOLD activation (reward

anticipation): Precuneus,

posterior cingulate extending to

culmen, midbrain, thalamus

extending to striatal regions

Moeller et al

(2012)

T1

HC: n=13

SUD: n=15

T2

HC: N/A

SUD: n=15

Task fMRI: Whole brain Drug Stroop task (drug

and neutral words)

T1: ~3 weeks

T2: 6 months

p<0.05 (cluster-corrected); >15

contiguous voxels

SUD at T1 vs. HC at T1

↓ BOLD

activation: Midbrain

SUD at T2 vs. HC at T1

NS

HC

N/A

SUD

↑ BOLD activation: Midbrain

and thalamus

Alper et al.

(1998)

T1

HC: N/A

SUD: n=17

T2

HC: N/A

SUD: n=17

T3

HC: N/A

SUD: n=17

Quantitative EEG: frontal

absolute and relative power,

asymmetry and coherence: delta

frequency band

Rest: Eyes closed T1: 5–10 days

(3.2±2.4

days)

T2: 1 month

T3: 6 months

p<0.05 N/A HC

N/A

SUD

NS

Parvaz et al

(2017)

T1

HC: n=18

SUD: n=19

T2

HC: N/A

SUD: n=19

Task EEG: C1, Cz, C2, CP1, CPz

and CP2

Passive Picture Viewing

(pleasant, unpleasant,

drug, and neutral

pictures)

T1: ~3 weeks

T2: 6 months

p<0.05 SUD at T1 vs. HC at T1

↓ LPP amplitude: Pleasant versus

neutral pictures

↑ LPP amplitude: Drug versus

neutral pictures

SUD at T2 vs. HC at T1

↓ LPP amplitude: Pleasant versus

neutral pictures

↑ LPP amplitude: Drug versus

neutral pictures

HC

N/A

SUD

↑ LPP amplitude: Pleasant versus

neutral pictures

NS: Drug versus neutral pictures

Heroin

Wang et al.,

(2011)

T1

HC: n=16

SUD: n=15

T2

HC: N/A

SUD: n=15

Resting fMRI: Whole-brain Rest: Eyes closed T1: 3 days

T2: 1 month

p<0.005 SUD at T1 vs. HC at T1

↑ BOLD activation: bilateral OFC

↓ BOLD activation: Cerebellar

tonsil

SUD at T2 vs. HC at T1

↓ BOLD activation: Cerebellar

tonsil

HC

N/A

SUD

↓ BOLD activation: Cerebellar

tonsil, frontopolar PFC (BA 10),

subgenual ACC (BA 25)

Other SUD

Forster et al

(2016)sUD:

alcohol or

polysubst ance

T1

HC: N/A

SUD: n=26

T2

HC: N/A

SUD: n=21 (of

whom 12 had AUD)

Task fMRI: Whole brain BART (Contrasts :

Decision events; Success

feedback; Explode

feedback)

T1: ~1–4

weeks

T2: 3 months

p<0.05 (cluster-corrected); >30

contiguous voxels

N/A HC

N/A

SUD

↑ BOLD activation: dorsal

premotor cortex (Decision

events) caudal ACC and PCC

(Success feedback)

↓ BOLD activation: IFG and

caudal ACC, extending into the

cingulum (Explode feedback)

(C) NEUROCHEMICAL STUDIES

Study Sample (at each time

point)

Imaging Modality /Brain

Region

Task or Stimuli Abstine nce

(at each

scan)

Statistical Threshold for

Longitudinal Changes

Crosssectional Results (SUD vs.

HC)

Within-Group Longitudinal

Changes with Abstinence

Alcohol

Ceccarini et al

(2014)

T1

HC: n=17

SUD: n=26

T2

HC: N/A

SUD: n=19

[18F] PET Whole brain Alcohol administra tion T1: >1 week

(6±2 days)

T2: 1 month

p<0.05 (FWE); >200

contigluous voxels

SUD at T1 vs. HC at T1

↓ CB
1
R

availability: Frontal, temporal,

mesotempor al, parietal and

occipital lobes, and striatum

SUD at T2 vs. HC at T1

N/R

HC

N/A

SUD

NS

Ceccarini et al

(2020)

T1

HC: n=32

SUD: n=16

T2

HC: N/A

SUD: n=10

T3

HC: N/A

SUD: n=8

[18F] PET Whole brain and ROI Not specified T1: <2

week

T2: 2 month

T3: 6 months

p
cluster

<0.05 (cluster le/ ; vel) SUD at T1 vs. HC at T1

↓mGluR5 availability:

Corticolimbic regions

SUD at T2 vs. HC at T1

↓mGluR5 availability:

Corticolimbic regions (esp. in

the thalamus and hippocampus)

SUD at T3 vs. HC at T1

NS in most regions

↓mGluR5 availability: the

thalamus and hippocampus, and

the NAcc

HC

N/A

SUD at T2 vs. T1

↑ mGluR5 availability: bilateral

cortical (middle frontal gyrus,

superior orbitofrontal gyrus,

anterior cingulate cortex, insula,

and left inferior temporal lobe)

and subcortical (encompassing

the hippocampus, parahippoca

mpal gyrus, and putamen)

clusters

SUD at T3 vs. T1same as T2 vs.

T1

Gazdzinski et al.

(2008)

T1

HC: 14

SUD: n=24

T2

HC: N/A

SUD: n=24 (13 cigarett

esmokers, 11 non-

smokers)

1.5T 1H MRS ROI (medial

temporal lobe)

Rest T1: ~6 days

T2: ~32 days

p<0.05 with a Bonferroni

correction

SUD at T1 vs. HC at T1

↓ NAA, ↓ Cho: Medial

temporallobe

SUD at T2 vs. HC at T1

↓ Cho, ↓ NAA: Medial

temporallobe

HC

N/A

SUD

NS

Non-smokers

↑ NAA: Medial temporallobe

(trend)

↑ Cho: Medial temporallobe

Smokers

NS

Mon et al (2012) T1

HC: n=16

SUD: n=20

T2

HC: N/A

SUD: n=36

5T 1H single voxel MRS ROI

(DLPFC, ACC, the parieto-

occipital cortex)

Rest T1: ~9 days

T2: ~34 days

p<0.05 SUD at T1 vs. HC at T1

↓ Glu, ↓Glx, ↓NAA, Cr: ACC

SUD at T2 vs. HC at T1

NS

HC

N/A

SUD

↑ Glu, ↑ Glx, ↑NAA, ↑Cho ratios

to water: ACC

Durazzo et al.

(2006)

T1

HC: n= 29 (20 cigarett

esmokers, 9 non-

smokers)

SUD: n=36 (19 cigarett

esmokers, 17 non-

smokers)

T2

HC: N/A

SUD: n=25 (14 cigarett

esmokers, 11 non-

smokers)

1.5T 1H MRS ROI (major

cerebral lobes, thalamus,

cerebellar vermis)

Rest T1: ~7 days

T2: ~34 days

p<0.02 (FWE; Metabolite

concentration in GM); p<0.01

(FWE; Metabolite concentration

in WM)

SUD at T1 vs. HC at T1

N/R

SUD at T2 vs. HC at T1

↓ NAA, ↓ Cho: Parietal WM

HC

N/A

SUD

↑ NAA: Frontal GM and WM

↑ Cho: Frontal and parietal GM

& WM, and occipital WM

↑ mI and ↑ Cr: Frontal WM

Non-smokers

↑ NAA: Frontal WM

↑ Cho: Frontal temporal and

parietal GM & WM, and occipital

WM

Smokers

↑ NAA: Frontal GM

↓ NAA: parietal and occipital

WM

↑ Cho: Frontal GM

Bartsch et al.

(2007)

T1

HC: n=10

SUD: n=24

T2

HC: n=10

SUD: n=15

1.5T 1H

MRS ROI (mesial frontal lobe

and cerebellum

Rest T1: <1week

(3 ± 1 days)

T2: 6–7

weeks (38 ±

3 days)

p<0.05 (FWE) at voxel level SUD at T1 vs. HC at T1

NS

SUD at T2 vs. HC at T2

NS

HC

NS

SUD

↑ NAA: Mesial frontal lobe

↑ Cho: Cerebellum

Parks et al.

(2002)

T1

HC: n=12

SUD: n=31

T2

HC: n=7

SUD: n=23

T3

HC: n=7

SUD: n=11

1.5T 1H MRS ROI (anterior

frontal lobe and anterior

cerebellar vermis)

Rest T1: ~5 days

T2: 3 weeks

T3: 3 months

p<0.05 SUD at T1 vs. HC at T1

↓ NAA and ↓ Cho: Cerebellum

SUD at T2 vs. HC at T1

N/R

SUD at T3 vs. HC at T1

N/R

HC

NS

SUD

↑ NAA: Cerebellum (T3>T2)

Ende et al.

(2005)

T1

HC: n=30

SUD: n=33

T2

HC: n=12

SUD: n=33 (14 abstine

nt)

T3

HC: N/A

SUD: n=26 (11

abstinent)

1.5T 1H MRS ROI [frontal lobe,

superior fontal gyrus, ACC, pons

and cerebellum (cortex and

vermis)]

Rest T1: <5 weeks

T2: 3 months

T3: 6 months

p< 0.008 (crosssectional

analysis: Bonferronicorrected for

six subregions)

p< 0.025 [longitudinal analysis:

Bonferronicorrected for two

(NAA and Cho) metabolites]

SUD at T1 vs. HC at T1

↓ NAA, ↓ Cho, and ↓ Cr: Frontal

WM, cerebellar cortex and

cerebellar vermis

SUD at T2 vs. HC at T1

N/R

SUD at T3 vs. HC at T1

NS

HC

N/R

SUD

N/R

Abstainers

↑ Cho: all ROIs (T2>T1)

Non-Abstainers

N/R

Nicotine

Rademacher et

al (2016)

T1

HC: n=15

SUD: n=30

T2 HC: N/A

SUD: n=15

18F-FDOPA PET: ROIs

[Cerebellum, VS, caudate

(dorsal and ventral) and

Putamen (dorsal and ventral)]

Not specified T1: 1 day

T2: 3 months

p< 0.05 (Dubey/Armit age-

Parmar correction)

SUD at T1 vs. HC at T1

↓ DA synthesis: Dorsal and

ventral caudate

SUD at T2 vs. HC at T1

N/R

HC

N/A

SUD

↑ DA synthesis: Dorsal and

ventral caudate

Methamphetamine

Burger et al.

(2018)

T1

HC: n=22

SUD: n=31

T2

HC: N/A

SUD: n=22

3T 1H MRS ROI (ACC, DLPFC,

and frontal WM)

Rest T1: ~ 1.5

weeks

T2: ~ 5

weeks

p<0.05 SUD at T1 vs. HC at T1

↓ NAA and ↓ NAA+NAAG:

DLPFC

↓Cho: Frontal WM

SUD at T2 vs. HC at T1

↓ NAA and ↑ mI: ACC

↓ NAA and ↓ NAA+NAAG

: DLPFC

↓Cho: Frontal WM

HC

N/A

SUD

↓ NAA, ↓ NAA+NAAG and ↑ mI:

ACC

↓ NAA, ↓ NAA+NAAG and ↓ mI:

Frontal WM

Heroin

Xu et al (2015) T1

HC: n=20

SUD: n=55 (assigned to

either Placebo or Jitai

groups)

T2

HC: N/A

SUD: n=49

T3

HC: N/A

SUD: n=43

T4

HC: N/A

SUD: n=37

[99mTc]TRO DAT-1sPECT ROIs

(striatum)

Rest: Placebo versus Jitai

(a traditional Chinese

medicine)

T1: 20 days

T2: 3 months

T3: 6 months

T4: 12

months

p<0.05 SUD at T1 vs. HC at T1

↓ DAT (32%):Striatum

SUD at T2 vs. HC at T1

N/R

SUD at T3 vs. HC at T1

N/R

SUD at T4 vs. HC at T1

↓ DAT:Striatum (left)

HC

N/A

SUD

↑ DAT (22%):Striatum

(T4>T1)

Jitai

↑ DAT (15%):Striatum

(T3>T1)

↑ DAT (18%):Striatum

(T4>T1)

Placebo

↑ DAT (25%):Striatum

(T4>T1)

ACC, anterior cingulate cortex; AD, axial diffusivity; ASL, arterial spin labeling; BART, balloon analog risk task; BOLD, Blood-oxygen dependent Level; BDNF, brain-derived neurotrophic factor; CB1R, cannabinoid 1 receptor;

Cho, choline; CSF, cerebral spinal fluid; DA, dopamine; DAT, dopamine transporter; DG, dentate gyrus; DLPFC, dorsolateral; prefrontal cortex; DTI, diffusion tensor imaging; DWI, diffusion weighted imaging; EEG,

electroencephalography; FA, functional anisotropy; FDG, 18Ffluorodeoxyglucose; FDOPA, 6-[18F]fluoro-L-DOPA (FDOPA); fMRI, functional magnetic resonance imaging; FWE, family wise error; FDR, false discovery rate; Glx,

glutamate+glutamine concentration; GM, gray matter; GRASS, gradient-recalled acquisition in the steady state; HC, healthy controls; IFG, inferior frontal gyrus; LPP, late positive potential; 3D-MDEFT, three-dimensional-

modified driven equilibrium Fourier transform; MD, mean diffusivity; mI, myo-inositol; MID, monetary incentive delay; MPH, methylphenidate; MPRAGE, magnetization-prepared gradient-echo sequence; MRI, magnetic

resonance imaging; MRS, magnetic resonance spectroscopy; NAA, N-acetylaspartate; NAcc, nucleus accumbens; NAAG, N-acetylaspartate-glutamate; N/A, not applicable; N/R, not reported; NS, not significant; OFC,

orbitofrontal cortex; PET, positron emission tomography; PFC, prefrontal cortex; RD, radial diffusivity; ROI, region of interest; SPECT, single-photon emission computed tomography; SUD, substance use disorder; T1–4, time

points 1 through 4; tfce, threshold-free cluster enhancement; VS, ventral striatum; WM, white matter; vmPFC, ventromedial prefrontal cortex; ↓, decreased; ↑, increased; =, no change. The table is arranged by imaging

modalities (structural, functional and then neurochemical studies), within each modalities the studies are group by the substance (alcohol, cocaine, methamphetamine, heroin, nicotine, and other SUD) and within each

substance the studies are arranged by the increasing duration of abstinence at the final scan. Sample sizes are reported for only those individuals who were abstinent on the study day. Default longitudinal comparison is

between the first and the last scan, unless specified otherwise.

HHS Vulnerability Disclosure

An official website of the United States government Here's how you know

https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/
https://doi.org/10.1016/j.drugalcdep.2022.109319
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R101
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R60
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R105
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R7
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R34
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R33
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R47
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R75
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R27
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R96
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R54
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R15
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R35
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R116
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R45
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R88
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R46
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R3
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R87
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R93
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R115
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R103
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R76
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R31
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R24
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R55
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R8
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R73
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R4
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R86
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R108
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R41
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R16
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R17
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R47
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R77
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R32
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R9
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R83
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R37
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R91
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R14
https://pmc.ncbi.nlm.nih.gov/articles/PMC8885813/table/T1/#R112
https://www.hhs.gov/vulnerability-disclosure-policy/index.html

