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Resting-state EEG, Substance use and
Abstinence After Chronic use: A Systematic
Review

Yang Liu1 , Yujie Chen1, Gorka Fraga-González2, Veronica Szpak3 ,
Judith Laverman3, Reinout W. Wiers4,*, and K. Richard Ridderinkhof3,*

Abstract
Resting-state EEG reflects intrinsic brain activity and its alteration represents changes in cognition that are related to neuropa-
thology. Thereby, it provides a way of revealing the neurocognitive mechanisms underpinning chronic substance use. In addition,
it is documented that some neurocognitive functions can recover following sustained abstinence. We present a systematic
review to synthesize how chronic substance use is associated with resting-state EEG alterations and whether these spontane-
ously recover from abstinence. A literature search in Medline, PsycINFO, Embase, CINAHL, Web of Science, and Scopus
resulted in 4088 articles, of which 57 were included for evaluation. It covered the substance of alcohol (18), tobacco (14), can-
nabis (8), cocaine (6), opioids (4), methamphetamine (4), and ecstasy (4). EEG analysis methods included spectral power, func-
tional connectivity, and network analyses. It was found that long-term substance use with or without substance use disorder
diagnosis was associated with broad intrinsic neural activity alterations, which were usually expressed as neural hyperactivation
and decreased neural communication between brain regions. Some studies found the use of alcohol, tobacco, cocaine, cannabis,
and methamphetamine was positively correlated with these changes. These alterations can partly recover from abstinence, which
differed between drugs and may reflect their neurotoxic degree. Moderating factors that may explain results inconsistency are
discussed. In sum, resting-state EEG may act as a potential biomarker of neurotoxic effects of chronic substance use. Recovery
effects awaits replication in larger samples with prolonged abstinence. Balanced sex ratio, enlarged sample size, advanced EEG
analysis methods, and transparent reporting are recommended for future studies.
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Introduction

It is well recognized that (chronic) substance use poses threats
to one’s physical and mental health, with strong associated eco-
nomic effects.1 Using behavioral and neurophysiological mea-
surements, chronic substance use has been found to be
associated with broad cognitive (see reviews2,3) and affective
impairments (see review4), and there is evidence that at least
some of these impairments can partially recover after sustained
abstinence.5 Moreover, in almost all clinical studies, there is no
pre-addiction baseline, which makes it difficult to establish
whether recovery is partial or full, given that relatively weak
scores in many of the same measurements also constitute a
risk factor for developing the disorder.5 Many studies have
examined such cognitive and affective effects in relation to
brain activity using task-related electroencephalography
(EEG). In contrast, chronic substance users’ resting-state
neural activities is less intensively investigated. Resting-state
does not imply inactivity, and its alteration represents
changes in cognition that are related to neuropathology and

can be used to assess cognitive health.6 This offers a new
way of examining the brain functional alterations related to
chronic substance use. Although substance addiction has been
studied much more elaborately than behavioral addictions, the
latter field has recently been synthesized regarding resting-state
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EEG findings (gaming disorder and internet addiction7). The
present study aims to fill that gap for substance use and discon-
tinuation after chronic use.

Resting-state EEG records brain activity when the partici-
pant is awake and not required to engage in a specific task, typ-
ically with the eyes closed to prevent the eye movements
influencing the EEG signal. A resting-state paradigm is
thought to reflect the brain’s intrinsic activity.8,9 A well-
established and frequently used method in analyzing EEG
signals is spectral power analysis. Traditionally, EEG signals
in the frequency domain have been decomposed into the fol-
lowing frequency bands, which have been associated with dif-
ferent cognitive processes: delta (0-3 Hz), theta (4-7 Hz), alpha
(8-12 Hz), beta (13-28 Hz), and gamma (>29 Hz). Oscillations
in each band are thought to contribute to different functions
depending on the location of their sources and parameters
like amplitude, frequency, and phase. In general, slower fre-
quencies are believed to represent the coordinated activity of
large-scale neuronal networks and higher frequencies may
reflect mostly local activity.10 In addition, functional connectiv-
ity analyses (coherence, synchronization likelihood, phase lag
index, etc.), and more complex approaches (eg, network analy-
sis, graph theoretical analysis, etc.) have also been utilized in
analyzing resting-state EEG data.11 Functional connectivity
refers to the synchronization of EEG rhythms in different
areas of the brain, which includes directed and undirected con-
nectivity depending on information communication direction.
In graph theoretical analysis, connectivity in the brain is repre-
sented as a network composed of nodes (ie, regions) and edges
(ie, the connectivity between regions). The derived graph
metrics quantify how the connectivity network is organized.
For example, they can describe whether most nodes are simi-
larly interconnected or whether there are a small number of
nodes that form highly interconnected clusters.12

Our aim is to present a systematic review and synthesis of
the existing literature. Several previous efforts have proven
valuable, but each had some important limitations. To date, at
least 9 published studies have summarized resting-state EEG
findings in chronic substance users: 6 about alcohol,13–18 2
about opioids,19,20 and 1 about both.21 For alcohol use, the
most dominant finding reported has been that people with
alcohol use disorder (AUD) show increased beta band power
compared to non-AUD individuals. The prevailing finding of
an increased beta band power of AUD implies hyperarousal
of the central nervous system.13 Less significantly, theta and
delta bands showed increased power in relation to AUD,
while results for the alpha band were inconclusive.13,16–18 In
contrast, one paper concluded that except for the beta band,
results for all other frequency bands were ambiguous.14 In addi-
tion, interhemispheric coherence was increased in slower fre-
quencies (eg, delta and fast theta band) and decreased in
higher frequencies (fast alpha and fast beta bands) in people
with AUD and abstainers compared to controls.14,15,18 But
the evidence on coherence is much more limited than that on

spectral power analysis. For opioid use, it is difficult to draw
a general conclusion as all three reviews included a limited
number of studies that presented conflicting results. For
instance, some studies in Ieong and Yuan’s20 review found
increased local and remote functional connectivity for beta
and alpha bands in opioids abstainers,22 whereas some others
reported decreased remote functional connectivity.23,24 The
spectrum power results in this review were even more mixed.
Another review summarized the findings among methadone-
substituted opiate users. Some discrepancies notwithstanding,
the majority of included studies showed no difference from
controls.19 However, the overarching goal of that study was
to examine the pharmacological effect of methadone on resting-
state EEG rather than substance use per se. The third review
reported increased beta and decreased alpha power for
opioids, while the effect was small.21 The discrepancy
between research findings and corresponding review conclu-
sions may arise from variances of sample size, years of opiate
use, the stage of addiction (pre vs. post abstinence) and treat-
ment acquisition (eg, methadone maintenance treatment).

Though some work has been done in summarizing the charac-
teristics of resting-state EEG in substance users, a few non-trivial
limitations hampered these efforts. First, current alcohol-related
surveys were all narrative reviews, without a comprehensive liter-
ature search and objective literature selection. This may have led
to potential interpretational biases, and explain why the conclu-
sions conflicted with those from a systematic review.25 A
related point is that, without clear inclusion and exclusion criteria,
researchers sometimes mixed pure substance use effects with that
of comorbid disorders (eg, personality disorder20; depression18).
Similarly, findings from substance users and abstainers (with or
without treatment) were sometimes also mixed,18,20 which is sub-
optimal as EEG alterations may recover after abstinence.26

Second, whereas substance use can be treated as a continuous var-
iable, current reviews only compared the two ends of such contin-
uum. Thus, they may overlook potential relationships between
resting-state EEG and moderate substance use or different drug
dosages. Third, except for alcohol and opioids, resting-state
EEG findings of other frequently used substances (eg, tobacco
and cannabis) have not been reviewed. Finally, most available
reviews focus on EEG power analysis but recent studies are
using different approaches like connectivity or network analysis.

To fill the research gap and address some limitations of previ-
ous reviews, we present a systematic and up-to-date review. We
use clear inclusion and exclusion criteria and exclude studies that
did not control for factors that may confound interpretation (like
comorbid psychiatric disorders and medical or psychological
interventions). Results from active users and abstainers are sum-
marized separately, and there were no restrictions to the substance
type, substance use severity, and EEG analysis methods. In sum,
the present systematic review aims at examining the evidence on
how chronic substance use is associated with (abnormalities in)
resting-state EEG, and whether such abnormalities can naturally
recover after a period of abstinence.
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Methods

Study Identification and Selection

Six databases (Medline, PsycINFO, Embase, CINAHL, Web of
Science, and Scopus) were searched until December 3, 2020.
Search terms and synonyms indicating substance use
(alcohol, amphetamine, cocaine, cannabis, heroin, ketamine,
methamphetamine, benzodiazepines) were combined with
terms indicative of resting-state EEG (quantitative EEG, spon-
taneous gamma activity, brain oscillations, etc.). The inclusion
criteria were that the studies (a) were presented in English; (b)
were conducted on human participants; (c) were empirical and
contained primary data; (d) used resting-state quantitative EEG
techniques; (e) reported current or past use of at least one kind
of substances. We excluded studies (a) that focused on the acute
effect of substance use on resting-state EEG; (b) with partici-
pants who had already received treatment for addiction by the
time resting-state EEG data was collected; (c) in which a pure
substance use effect cannot be separated (eg, comorbid disor-
ders such as depression, antisocial personality disorder, neuro-
logical diseases); (d) in which family history of substance use
was confounded with participants’ own substance use in the
relationship with resting-state EEG (eg, babies born to
substance-abusing mother, fetal alcohol spectrum disorder,
etc.); (e) case study; (f) conference paper.

A total of 4088 articles were initially identified after dedupli-
cation. Article screening was carried out with Rayyan.27 Title
and abstract screening were performed among YL, YC, GFG,
and RR, and full-text screening was performed among YL,
YC, JL, and VS, with the rule that each article was blindly
screened by at least two authors at each step. Conflicts were
first addressed between the two raters, then the whole group
for complicated ones. After title and abstract screening, there
were 151 articles left, of which another 88 were excluded
(see details in Figure 1). In addition, 6 studies did not reply
to our query about whether treatment was delivered upon
EEG recording and therefore cannot be included (see the list
in Supplemental Materials). Finally, 57 articles were included
in the present systematic review.

Quality Assessment and Data Extraction

There are three types of studies included: cross-sectional study
(n= 48), longitudinal study without a control group (n= 8) and
a randomized controlled trial. To assess their qualities, AXIS,28

NIH for pre-post studies without a control group and NIH for
controlled intervention studies29 were used separately accord-
ing to Ma et al.30 These tools evaluate the quality of a study
in terms of study aim declaration, appropriateness of study
design (intervention study includes randomization and blind-
ness), sample size justification (longitudinal study includes
follow-up rate), sufficient results reporting, significance justifi-
cation, and inference from the results to the conclusions. Items
13, 14, 19 of AXIS and item 12 of NIH (pre-post studies

without a control group) were deleted as they were inappropri-
ate for the present aim (items tested were listed in the
Supplemental Materials). Each item was rated with “Yes’,
“No” or “Not Available”. The overall quality of a study was
represented by the percentage of “Yes’ answers in AXIS. For
the two NIH-related tools, the evaluators rated “good”, “fair”
or “poor” based on a general impression. Each study was
assessed by two authors independently (YJ, JL, or VS), and
the agreement was high (88.9%, 747/870).31

Six categories of variables were extracted: 1) aim, 2) demo-
graphics, 3) substance use, 4) EEG recording, 5) EEG analysis,
and 6) findings. Each paper was blindly coded by two authors
(YC, JL, or VS). Given the space limit, we decided to present
some key variables in the main text (Table 1) and the remaining
in the Supplemental Materials (Table S4).

Results and Discussion

Quality Assessment

The 57 included studies were generally of moderate to high
quality (ie, scored no less than 50% in AXIS and “good” to
“fair” ratings in NIH-related tools), with only one study
scoring lower than 50% (see results in Supplemental
Materials). The main limitations were the small sample size,
the representative of the sample (eg, some only recruited
males), and incomplete reporting of EEG recording and analy-
sis. For a few studies, where the participants were recruited, the
blindness of treatment, and limitations were not mentioned.

Main Outcome and Interpretation

Alcohol. There is substantial evidence for abnormalities in
alcohol users’ resting-state EEG spectral power, covering
alcohol dependence, hazardous alcohol consumption, binge
drinking, etc. The most predominant finding across these
samples is the well-documented increased beta power
(Table 2), especially in the frontal and central regions.
Increased beta rhythms were deemed to reflect cortical hyperex-
citability or disinhibition.88 Neurophysiological similarities of
these groups suggest that binge drinking and hazardous
alcohol consumption might be a transition stage into addiction.
Though the positive family history of AUD18 and medicine
intake (eg, benzodiazepines)89 were also related to increased
beta rhythms, the screening criteria we used should minimize
their influence. As noted in the introduction, the association
between these EEG abnormalities and AUD does not necessar-
ily imply that they are caused by excessive alcohol use, they
could also be a cause or contributing factor.5 However, a
co-twin study did support alcohol exposure as the preceding
cause of this association.40 Less consistently, some studies
found increased theta power, decreased alpha power and
reduced alpha mean frequency in alcohol users. Increased
theta power may reflect poorer information processing
capacity,13 and decreased alpha power may reflect a high
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level of arousal34 and accompanying deficiency in attention and
mental concentration.90 Furthermore, lower alpha mean fre-
quency may serve as an indicator of basic-level brain dysfunc-
tion resulting from the slowing of cortico-thalamic
interactions.91 On the contrary, results for other frequency
bands were rather mixed. The onset age of drinking, gender,
and addiction severity was claimed to cause such divergent
findings.39 However, we did not observe any simple modera-
tion effect of these factors, nor do we have enough power to
examine them quantitatively. Methods examining functional
EEG connectivity (eg, coherence, synchronization likelihood)
were also used in studies on alcohol users. Increased theta
and gamma synchronization in male heavy drinkers reflected
changes in the hippocampus, the cortex, and/or hippocampo-
neocortical connections that subserve memory formation.44

Given that optimal brain functioning also requires desynchroni-
zation,92,93 these findings do not necessarily imply better cog-
nitive functioning. When females were also examined,
decreased alpha and slow beta synchronization was found,
and this was mainly attributed to the left hemisphere activity.45

These findings all reflected alcohol users’ altered coupling
between brain regions in the resting state, and factors that influ-
enced spectral power findings (eg, gender, onset age of use)
may also play a role here.

To examine resting-state EEG changes after abstinence, we
can do either within-study comparisons (ie, baseline vs.
follow-up) or between-study comparisons (ie, whether predom-
inant findings in active chronic heavy drinkers were absent in
studies with abstainers). The current evidence indicates some
spontaneous recovery effects, such that alpha activity increased
from baseline to follow-up, and that the commonly seen
increased theta and beta power in active chronic heavy drinkers
were not found in abstainers. Interestingly, these findings also
suggest that resting-state activities may not continue to amelio-
rate but instead stabilize at a certain level after some absti-
nence.48 Furthermore, the recovery effect is more likely to
appear in those severely impaired.47

Tobacco. Tobacco differs from other substances in its short
inter-dose interval. This makes the chronic tobacco use
effects on EEG confounded with subacute and withdrawal
effects (depending on the timing, when EEG is recorded
shortly after smoking or when it disrupts the typical smoking
behavior, respectively). The second issue is that it is unclear
when withdrawal symptoms disappear, and a recovery effect
can be examined subsequently. The majority of studies
included in this review focused on short-term tobacco depriva-
tion, with a minor emphasis on the chronic effect and relatively

Figure 1. PRISMA flow diagram detailing our paper search and selection decisions.
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long abstinence effect. It was found that smokers had decreased
delta and theta power,50 and an altered global brain network (ie,
less integrated and decreased global efficiency)51 compared
with non-smokers. These alterations may reflect the upregu-
lated nicotine cholinergic receptors caused by chronic
smoking.94 On the other hand, tobacco deprivation (a couple
of hours to 31 days) consistently produced an increase in
theta power and decreased dominant alpha frequency, which
usually peaked within the first day and could last for 31
days.62,63 This pattern of alteration in EEG power was inter-
preted to reflect neural hypoactivation. This interpretation is
compatible with the depression and anxiety mood experienced
after tobacco deprivation.95 Furthermore, tobacco exposure is
associated with larger abstinence-related EEG slowing during
the early phase (within the first three days), while trait depres-
sion in the whole process.62 Only one study recruited
ex-smokers who abstained from tobacco for 3 to 12 years and
found a greater median alpha frequency than non-smokers.60

More studies are needed before a solid recovery effect is
confirmed.

Cannabis. Though it was well documented that chronic canna-
bis use is associated with resting-state EEG alteration, there was
no converging pattern of frequency bands or brain regions in
which such changes appeared. For instance, Struve and col-
leagues found a positive relationship between cannabis expo-
sure duration and resting-state EEG change through a series
of experiments. Specifically, casual cannabis users did not
differ from controls, and long-term daily users (≥ 15 years)
showed increased fontal-central theta power64 in addition to
the alpha hyperfrontality (ie, increased absolute power, relative
power, and coherence of alpha over the bilateral frontal cortex)
found in short-term daily users (≥ 3 years).67 Increased theta
can be interpreted as a sign of slowed cognitive processing,64

and hyperfrontality alpha may indicate early withdrawal
effects.26 Others also found increased delta power in cannabis-
dependent participants33, which may reflect cognitive impair-
ment and memory decline.96 These inconsistent results may
derive from variance in gender, bipolar or monopolar recording
of EEG, the severity of cannabis use, etc.33 In addition, canna-
bis users presented less efficient communication between corti-
cal regions than controls, which may underlie cognitive
impairments.65 Furthermore, cannabis users may have a partic-
ular focus on reward-based decision making, as was reflected
by the increased functional connectivity between the central
executive network and the salience network.66 Concerning
the abstinence effect, Herning et al.68,69 failed to find neurocog-
nitive rehabilitation from cannabis use over a month of absti-
nence in two experiments. As these findings conflicted with
the improved cognitive performance in behavior after absti-
nence reported by others,97 Allsop et al.26 explored possible
moderators. Only in later onset cannabis users, a recovery
effect was confirmed, which coincide with the opinion that ado-
lescence is a vulnerable stage for substance use as it is difficult
for the neural pruning to be reversed.98 It is notable that, theT
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above findings may partially represent the subacute effect of
cannabis use as all of the studies used an abstinence duration
shorter than 1 month when the subacute effect did not diminish
yet.5

Cocaine. The cocaine-related studies generally found increased
power in higher frequencies (eg, beta) and decreased power in

lower frequencies (eg, delta) during cocaine abstinence. The
increased beta power may be due to the neural loss (eg, cortical
atrophy) caused by the reduced cerebral blood flow (eg, verte-
brobasilar artery insufficiency) that is associated with chronic
cocaine use.72 Alternatively, it was explained as a premorbid
characteristic of cocaine abusers as positive family history of
alcoholism and antisocial personality disorder were also associ-
ated with increased beta power.77 This argument is less plausi-
ble here as the influence of those factors should be minimized
for the studies included. A third explanation is the
withdrawal-induced sleep disturbance that is associated with
the increased beta power,71 which can be validated by examin-
ing other withdrawal symptoms (eg, craving) in the future. As
to the decreased delta power, it may reflect the upregulation
of some neurotransmitters (eg, dopamine, norepinephrine)
after abstinence. Albeit the greater abundance of higher fre-
quencies reported, the inconsistency between research findings
should be realized. Two moderators identified were gender and
cocaine administration approach, with males (vs. females)71

and intravenous users (vs. smokers)75 being more vulnerable
to these neurophysiological alternations. Other mediators
include EEG recording length, abstinence duration, and other
substance use.74

Other Substances. Heroin and opiate users differed from con-
trols in theta, alpha, beta (frontal and central regions)78, and
gamma (widespread)77 bands power. These alternations signal
potential cognitive function deficits. Specifically, heroin
addicts’ long-term memory, working/short-term memory,
problem-solving abilities, and psychomotor speed performance
were believed to be associated with delta, theta, alpha, and beta
band properties respectively.99 In addition, abnormally weaker
and stronger functional connectivity were found in the parietal
and the left occipital regions respectively. More evidence was
needed for both spectral power and functional connectivity
analyses.

Chronic methamphetamine use has been associated with
long-lasting deficits on the dopaminergic and serotonergic
system.100 These deficits may explain some of the EEG alter-
ations found in the reviewed studies, such as increased lower

Table 3. Main Findings of Resting-State EEG in Active and Abstinent
Substance Users.

Relatively consistent findings Corresponding substances

Chronic use
Abnormal rhythms of different
frequency bands

θ↑ alcohol, MDMA
α↑ MDMA
β↑ alcohol, opioids, MDMA
α↓ alcohol, tobacco
alpha mean frequency↓ alcohol
Altered functional connectivity alcohol, tobacco, cannabis, opioids
Abstinence
Recovery
yes alcohol
unclear tobacco, cannabis, cocaine,

methamphetamine, MDMA
Preventers of recovery
the early onset age of use cannabis
Abnormal rhythms of different
frequency bands

δ↑ tobacco
θ↑ tobacco, methamphetamine
β↑ cocaine*
dominant alpha frequency↓ tobacco
Altered functional connectivity methamphetamine
Vulnerability factors of the
above changes

male (vs female) cocaine
intravenous users (vs
smokers)

cocaine

Note. *This also included results from short-term cocaine abstainers, where
subacute and chronic substance use effects cannot be excluded.

Table 2. Summary of Absolute Spectral Power Findings in Active Drinkers.

Frequency band

Decrease Increase

Study Count Study Count

delta Herrera-Morales et al.39 1 Fein et al.32, Mumtaz et al.36 2
theta Mumtaz et al.36 1 Affan et al.43, Fein et al.32, López-Caneda et al.42, Mumtaz et al.46 4
alpha Jone et al.34, Mumtaz

et al.36
2 Fein et al.32, Friese et al.37 2

Beta — 0 Affan et al.43, Ehlers et al.33, Fein et al.32, Herrera-Morales et al.39,
López-Caneda et al.42, Núñez-Jaramillo et al.38

6

gamma Mumtaz et al.36 1 Ehlers et al.33, Fein et al.32, Mumtaz et al.46 3

Note. eyes-closed condition was not differentiated from eyes-open condition.
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frequency band (eg, delta, theta) power,80 global hyper-
synchronization in the gamma band,82 and reduced neural
network integration81 after short methamphetamine abstinence
(mean ≤1 month). Using a longer abstinence duration (1-6
months), researchers found altered functional connectivity net-
works in former methamphetamine users, especially for the
gamma and delta bands.83 These alternations may implicate
cognitive deficits (eg, incentive salience and attentional bias
to drug-related stimuli). The assumption that the findings
after short and long abstinence duration reflected withdrawal
and chronic methamphetamine exposure effect respectively
need further validation. However, the reversibility of these
changes still needs to be examined with longer abstinence dura-
tions as there is evidence of recovery after 1.5 years of with-
drawal in an animal study.101

Ecstasy and its frequent compound MDMA use were found
generally associated with increased high-frequency band (eg,
theta, alpha, and beta) power. These findings are in accord
with the assumption that ecstasy is neurotoxic specifically to
the serotonergic neurotransmission systems.102 Furthermore,
these alternations may reflect memory and attention deficits
that are related to chronic ecstasy use.87 The subtle inconsis-
tency between research findings may be due to the use of
other substances, abstinence duration, etc.

General Discussion

This is the first systematic review that summarized resting-state
EEG of chronic substance users comprehensively. In sum, we
found that chronic substance use (with or without the diagnosis
of substance use disorder) was associated with altered resting-
state EEG, manifested mainly as the abnormal rhythm of differ-
ent frequency bands, and altered functional connectivity
(Table 3). Some similarities were shared by certain drugs (eg,
increased beta power for alcohol, opioids, and MDMA use).
In addition, chronic substance use is generally associated with
neural hyperactivation (ie, increased power for high-frequency
bands). Whereas abstinence is usually associated with neural
hypoactivation (ie, increased power for low-frequency bands),
which may partially be due to the drowsiness caused by with-
drawal. A recovery effect seems to be found more often for
some substances (eg, alcohol) but not others (eg, cannabis),
which may reflect differences in degrees of neurotoxicity.
Next, we discuss some limitations and future directions.

There are several limitations of the current review worth
consideration. First, poly-substance use is prevalent in the
studies included. Though the practice of attributing the results
to the main drug of use is not optimal, it is difficult to test addi-
tive and interactive effects of different substances in a single
study (but this can be done in a meta-analysis using individual
participant data, cf,103). Second, we did not set a lower bound to
the sample size. Therefore, some studies may be underpowered
to detect a group effect. Third, for studies that did not report
information on comorbid disorders such as antisocial personal-
ity disorder and depression, there is no clue about how much

group differences of EEG can be attributed to these factors.
Fourth, with the data at hand, we cannot assess how demo-
graphics, substance use and EEG recording parameters may
contribute to the inconsistency of findings quantitatively.
Fifth, EEG recorded during abstinence may be confounded
with the subacute and withdrawal effect, therefore, an absti-
nence duration should be established in the future. Sixth,
some old studies included are of suboptimal quality, which
may be constrained by the recording and analyzing facilities
available at that time and the reporting standard generally
accepted by then. However, it is not easy to confine the publi-
cation year of included studies as there is no rule to follow and it
is usually an arbitrary range (eg, from the year of 2000 till now).

In the future, more longitudinal studies are needed to clarify
the causal relationship between substance use and altered
resting-state EEG. For clinical purposes, future studies should
evaluate the different qEEG dimensions (spectral power analy-
sis, functional connectivity analysis, network analysis, and
graph theoretical analysis), and possibly also evoked potentials,
not only vis-à-vis clinically relevant cognitive dysfunction but
also vis-à-vis clinically relevant neural dysfunction or deterio-
ration, since the latter may have additional implications for
individual neuropsychological diagnosis and treatment. Most
importantly, studies using larger sample sizes, increased report-
ing transparency, and extended abstinence duration (when the
abstinence effect is of focus) in examining substance use and
resting-state EEG are highly recommended.

Conclusion

The current systematic review included 57 empirical studies on
chronic substance use and resting-state EEG. The main finding
is that long-term substances use, including alcohol, tobacco,
cannabis, cocaine, opioids, heroin, methamphetamine, and
XTC are associated with broad resting-state EEG abnormali-
ties, the majority of which cannot be automatically recovered
from short abstinence. Similarities and discrepancies of find-
ings for different drugs may reflect their common and distinct
effect on the neurotransmitters and corresponding brain
regions. These findings await confirmation from studies with
larger sample sizes and adopting longer abstinence durations.
More transparent reporting of substance use and completeness
in reporting EEG recording procedures are highly suggested.
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