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Abstract
Background and objective: In the US, about 14.5 million people ages 12 and older suffered from alcohol use disorder (AUD) 
in 2019. AUD affects multiple systems and is a major cause of disability and morbidity, severely reducing quality of life. With 
currently available pharmacotherapy and psychotherapy (including behavioral therapy) relapse rates remain high due to poor 
patient acceptability as well as the added factor of craving and impulsivity in addiction disorders. This points to development 
of therapies that also act on functional areas of brain responsible for craving and impulsivity. Transcranial magnetic stimula-
tion (TMS) is one type of neuromodulation under study for the treatment of AUD. Here, we review the work done on TMS as 
a treatment for AUD.

Methods: We searched PubMed and Cochrane databases for relevant articles with main search terms of “transcranial magnetic 
stimulation” and “alcoholism”.

Results: Most studies involve stimulation of right dorsolateral prefrontal cortex. Majority demonstrate a decrease in craving 
but only over time, not between groups. Overall, studies using TMS for the treatment of AUD show mixed results in changes 
in craving, impulsivity, and alcohol intake.

Conclusion: Mainly, the studies are limited by sample size and lack of uniformity in outcomes measured. Significance of TMS 
for treatment of AUD is still not clear. A standardized protocol of investigation is needed to allow for a meta-analysis to calcu-
late the overall effect.
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Introduction
Alcohol use disorder (AUD) is a medical condition characterized by 
an impaired ability to stop or control alcohol use leading to clinical-
ly significant impairment or distress.1 According to 2019 National 
Survey on Drug Use and Health (NSDUH), 85.6 percent of people 
18 years or older drank alcohol at some point in their life.2 2020 
NSDUH reports about 14.5 million people ages 12 and older suf-

fered from AUD in 2019, men forming greater proportion compared 
to women.3 Alcohol-related causes lead to 95,000 deaths annually.4 
Alcohol consumption adds to loss of quality of life of the patient 
as well as social and financial burden on the society.5,6 The con-
sequences of alcohol dependance are multisystemic. There is also 
constant difficulty in achieving as well as maintaining abstinence,7,8 
which have been challenging tasks for the treating physician as well 
as the patient. Furthermore, alcohol use disorder can co-present 
with neuropsychiatric disorders. A mechanism-based advancement 
in treatment to reduce dependance on pharmacotherapy or increase 
adherence to currently used medications for AUD is needed.9

There is abundance of literature on mechanism of alcohol de-
pendence. Ceccanti et al. add evidence to Solomon’s opponent 
system that alcohol dependance occurs through sequential changes 
in the neurons.10–12 In earlier stages of alcohol dependance, posi-
tive reinforcement by dopamine opposes the stress system which 
would otherwise lead to negative behavioral symptoms. In later 
stages an imbalance occurs in dopaminergic and opposing sys-
tem and dominance of latter system results in negative behavioral 
symptoms, leading to relapse. Furthermore, one of the mechanisms 
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of craving, withdrawal and impulsivity is decreased dopamine ac-
tivity in mesolimbic areas and Nucleus Accumbens (NAc) lead-
ing to hypo-frontality, measured through serum prolactin levels, 
which are indirect indicators of dopaminergic activity.10 Dopamine 
functionality in the brain is affected by various mechanisms which 
include alteration in levels of dopamine, dopamine receptors and 
dopamine transporter. All of these mechanisms point to decreased 
activity of dopamine in AUD.13

In a neural connectivity perspective, fronto-striatal pathways 
modulate limbic and executive control systems. The connections 
between medial pre-frontal cortex (MPFC) and ventral striatum 
form the limbic circuit whereas projections between dorso-lateral 
pre-frontal cortex (DLPFC) and dorsal striatum make up executive 
control circuit. Mechanisms which make the alcohol use disorder 
patients prone to drug related cues could possibly be enhanced lim-
bic circuit activity during an appropriate stimulus (drug cue) and 
reduced activity in executive control circuit to oppose the limbic 
drive for drug.14,15 These form a potential basis of neuromodula-
tion, could be direct (targeting MPFC) or indirect (targeting DLP-
FC).16 For DLPFC, dopamine release in nucleus accumbens (NAc) 
mediates its modulatory effects.17 Therefore idea of altering excit-
ability of DLPFC noninvasively, by an electric or a magnetic field, 
emerged to reduce craving.18 Such modulation of neural circuits 
has already been significantly studied for major depressive disor-
der (MDD) and obsessive compulsive disorder (OCD).19

Current pharmacotherapy to treat alcoholism include disulfi-
ram, naltrexone and acamprosate.20 These drugs have been proven 
effective: Disulfiram works by causing nausea however fails to 
reduce craving. On the other hand naltrexone and acamprosate 
(effective for relapse prevention) may not cause nausea, but non-
adherence to their oral formuations is a significant barrier to opti-
mized care for many patients.21 Promising advancement in medi-
cal treatment with drugs as topiramate, gabapentin and baclofen 
for AUD along with neuromodulation may play an important role 
in future.22 With current pharmacotherapy and psychotherapy, 
abstinence rate by the end of 1st year of treatment is lesser than 
40%.7,8,23 Keeping in view the adverse effects and high motivation 
needed to complete treatment, newer techniques have been sought 
to deal with AUD. Non-invasive neuromodulation has been one 
of the studied treatment modalities. Transcranial magnetic stimu-
lation (TMS) and transcranial electric stimulation (TES) are two 
major types. TMS is a method of applying varying levels of mag-
netic field to the brain non-invasively (transcranial: through the 
scalp) to modulate neuronal excitability.24 We discuss here TMS 
in treatment of AUD. TMS was initially used as an investigative 
technique, where the method of application is pulse application. 
With time, it found a therapeutic role as well.25,26 TMS is thought 
to work by long term potentiation (LTP) or long term depression 
(LTD) of neural activity depending on the frequency, type of stim-
ulation and stimulated area.16

In this perspective, efforts have been directed at exploration of a 
non-invasive method of treatment for AUD to decrease the relapse 
rate as discussed above. For this purpose, TMS can be applied for 
the treatment of AUD which has previously been approved for de-
pression and OCD. TMS is a safe procedure, with common side 
effect being headache and a severe (but low risk) side effect being 
seizure.27,28 Apart from proven safety, major advantages of TMS 
are that it is a non-invasive procedure compared to deep brain 
stimulation (DBS) and while it may produce twitching, the patient 
does not have to experience the annoying sensations when com-
pared to TES.29 In near future it is already projected to become af-
fordable like pharmacotherapy.30 However, disadvantages of TMS 

include that it cannot penetrate to deeper structures as DBS can 
and it is not as precise as DBS.31 Furthermore, the treatment dura-
tion is long, requiring 10 to 30 visits making it difficult for patients 
to follow. TMS is also being questioned, like other neuromodula-
tion techniques, for its ability to affect patient autonomy and alter 
decision making capacity.32

Here, we review different original studies done to date to in-
vestigate the use of TMS in reducing subjective aspects of craving 
and/or impulsivity in AUD patients.

Methods
A thorough search on this topic was done in PubMed and Cochrane 
databases through March 2022. The search terms used were: “al-
coholism”, “alcohol” AND “disorder”, “dependance”, “addiction”, 
“alcohol use disorder” AND “stim*”, “magnetic”, “magnetic stim-
ulation, transcranial”.

There was no restriction applied on age, gender, publication 
type or period of study. Studies identified through database search-
es were initially screened by their title. Articles with titles different 
from our interest were excluded, rest of the articles were reviewed 
by reading through abstracts and were finalized to be discussed in 
our review. Studies that targeted AUD (irrespective of presence 
of a comorbid disorder all types of studies whether randomized 
or open label, with or without any level of blinding, with or with-
out control, and for any duration of follow up were considered 
for inclusion. However, studies that were only case studies or did 
not describe the protocol for transcranial magnetic stimulation, 
or were only exploratory in purpose were excluded. A Flowchart 
demonstrating PRISMA exclusion strategy is show in Figure 1.

Results
Our review comprises of 19 studies. A good range of target sites have 
been stimulated. 9 studies stimulated Right Dorsolateral Prefrontal 
Cortex, 5 Medial Prefrontal Cortex, 2 Left Dorsolateral Prefrontal 
Cortex, 2 Bilateral DLPFC, 1 Right vs Left DLPFC and 1 study 
stimulated Insular Cortex. Maximum number of sessions performed 
was 20 excluding a case study of De Ridder (1Hz stimulation of 
dorsal Anterior Cingulate Cortex, not included in the table because 
it involves only one subject) where it was 21. Most studies used a 
frequency of 10 Hz for stimulation. 13 studies used a figure of 8 
coil, 5 studies used an H coil, and one study used a double cone coil.

Types of assessments used include craving scales as Alco-
hol Craving Questionnaire (ACQ), craving Visual Analog Scale 
(VAS), Obsessive Compulsive Drinking Scale (OCDS), Penn 
Alcohol Craving Scale (PACS), and Alcohol Usage Question-
naire (AUQ). Impulsivity scales include Go-no-go task, Delay 
Discounting Time (DDT), Stop Signal Task (SST). Alcohol intake 
and consumption scales include Days of Maximum Alcohol Intake 
(DMAI), percentage Heavy Drinking Days (pHDD) and daily con-
sumption. Some studies also measured relapse rate.

It is interesting to note the differences on a subgroup level of 
assessment methods. Two studies, from the same group utilized 
ACQ, which measures level of alcohol craving, did not show any 
significant difference between the active and sham groups. 7 stud-
ies utilized OCDS to measure obsessive compulsivity and crav-
ing towards alcohol. Overall, there was no significant between 
the groups in 4 studies while 3 demonstrated a significant effect, 
real group scores better than sham group scores. In VAS and AUQ 
measurements only one out of 4 respective studies showed signifi-
cant difference in scores between real and sham groups. However 
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there have been improvement in within the groups. Other factors 
such as years of education has a positive correlation while age 
of onset of alcohol use has a negative correlation with outcome 
scores. The results are summarized in Table 1.10,13,33–49

Discussion
The aim of this review is to highlight the studies done on TMS 
therapy for AUD, their promising features and limitations. Non-
invasive neuromodulation therapies, such as transcranial magnetic 
stimulation and transcranial electrical stimulation, are rapidly 

gaining interest for treatment of addiction and psychiatric disor-
ders. Treating these disorders will ameliorate the multisystemic 
deteriorating effects on the patient and society. TMS was approved 
by FDA as a treatment modality for major depressive disorder in 
200850 and obsessive compulsive disorder in 2018.51 The effect 
of TMS on craving in AUD has been studied in some combina-
tion of open label, single blind and sham controlled, but very few 
randomized sham-controlled double-blind trials. Most of the stud-
ies have measured outcomes/endpoint from 1 to 6 months. There 
are very few studies which follow patients beyond the 6-month 
period.38,49 The outcomes measured include craving, impulsivity, 

Fig. 1. Identification of studies via databases and registers. 
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alcohol consumption and blood alcohol levels. There is consist-
ency in measuring craving in most of the studies. However other 
outcomes such as impulsivity or consumption are not measured as 
consistently. Mishra et al. initially demonstrated decrease in crav-
ing using rTMS.33 His study was based on randomized single blind 
sham-controlled design with one month follow-up. This was fol-
lowed in 2015 by Girardi et al. who performed an open label study 
to prove significant effect of add on TMS therapy compared to 
standard treatment.38 Studies gained pace afterwards, most finding 
decrease in craving or alcohol intake with time, but not signifi-
cantly different from non-treatment (control) group.10,47

AUD often coexists with other psychiatric diagnoses. This 
has two-pronged significance. With TMS treatment, the coexist-
ing psychiatric condition may improve together with craving in 
AUD,52 or the medication used for the psychiatric condition may 
confound the results of TMS. Similarly consumption of other sub-
stances of abuse and severity of abuse of each of these, including 
alcohol, can determine effect of treatment.45 The severity of AUD 
can affect the outcomes after TMS therapy. Chronic alcohol use 
causes cortical atrophy which implies that intensity of stimulation 
that reaches the cortex and sub-cortex of these subjects will also 
vary by the severity of disease.53,54 Thus, patients must be classi-
fied accordingly to determine respective dosage regimen.

There is a need to find out possible duration for which main-
tenance treatment can be administered like depression where au-
thors have recommended it for up-to several years.55,56 It is also 
important to know whether this will have any possible side effects 
for example headache, seizures in the long term and also whether 
altering one reward function affects other daily activities possibly 
resulting in a general lack of motivation.

Most of the studies have been conducted only on a relatively 
smaller sample size. To measure the effect of TMS, which is statis-
tically significant in treatment of AUD, multi-centric larger sam-
ple studies should be under taken.38 The context in which a study 
is conducted can also impact the results. This includes measuring 
craving in a subject’s natural environment compared to a testing 
environment where a subject is given a cue and impulsivity is 
measured. However in trying to measure effect of TMS in a pa-
tient’s natural environment rather than in a clinical setting, accu-
rate cues and controls are difficult to set up.35

Depth of stimulation is also important as the distance from scalp 
to cortex is variable in the population.42 The depth of stimulation is 
determined by the coil shape (e.g. flat vs bent, figure of 8 vs H- coil 
design) which is further compounded by the shrinkage of cortex 
in alcoholics and aged groups.31,57 The shape of TMS coil also 
determines regional precision and cortical surface area affected.54 
Modelling techniques have revealed that H-coil designs affected 
greater cortical area and depth compared to figure of 8 coil and 
circular coil designs. Other than affecting the depth of stimula-
tion, age is also a clinical factor to predict the efficacy of TMS.58 
TMS therapy benefit appears later in the older patients than in the 
younger patients and this has implications for setting treatment 
guidelines and insurance based health systems.59 However, the age 
factor may be confounded by the years of alcohol abuse which in 
itself is an independent prognostic factor.

Majority of studies have investigated Right DLPFC. Others 
have worked on MPFC, Left DLPFC, dorsal Anterior Cingulate 
Cortex and insula. When comparing effect of rTMS on right with 
rTMS on left DLPFC,37 craving was reduced in both right and left 
stimulation groups but without any significant difference between 
the side stimulated. rTMS over left side had a positive correlation 
between severity of alcohol dependance and reduction in craving 

scores. Right sided rTMS was more effective in mild to moderate 
cases, authors thus postulating that right sided rTMS affected in-
directly through transcallosal suppression of left DLPFC. VMPFC 
has also shown promising results with respect to cue reactivity 
however not as successful with reduction in craving. It provides an 
insight into other possible target areas for stimulation.44 One study 
is based on the role of insula in craving.47,60 Although it shows no 
significant effect, but wider connections of insula to several other 
areas have been proved.

The behavioral state of subjects when they are undergoing TMS 
is also very important. Emphasis has been placed on this by Ma-
honey et al.,54 who build on the work of Ramos et al.61 The operat-
ing state of a synapse during TMS application determines the de-
gree to which it can be modulated.61–63 This operating state further 
depends on prior activation of the circuit, therefore leading to the 
concept of behavioral priming for stimulation.

Future direction
TMS is gaining popularity as a therapy for addiction including al-
cohol addiction, psychiatric and cognitive disorders. In the case of 
TMS for AUD, it is most important for the scientific community 
to develop a consensus on the how the outcomes will be measured 
and also to collaborate towards a larger, multicenter study. Fur-
thermore, many studies have missed out on the value of control 
and all future studies should include a control group. Any protocol 
that may be formed for multicenter studies must include daily al-
cohol consumption as an outcome measure as it is the final goal of 
any type of therapy combatting AUD. Moreover, a standardized 
cue exposure for behavioral priming during TMS therapy session 
for AUD should also be developed and documented as a variable 
in future studies. This is significant because cue exposure is a re-
quirement during TMS for OCD and has been studied in a simi-
lar context for PTSD and smoking, enhancing efficacy of TMS in 
these subjects.54,64,65 Recently Maayn Harel et. al. have inducted 
this concept into their study by allowing the subjects to hold and 
smell alcohol before undergoing TMS procedure.48

Conclusion
Pharmacotherapy for the treatment of AUD works in the short term 
and requires strict patient compliance. This management strategy 
may be further strengthened by add on TMS, to reduce craving and 
relapse. Although multiple studies have been conducted on TMS to 
prove it an effective treatment modality as in the case of depression 
and OCD, the results of these studies are mixed and still not direct-
ing to a definite conclusion. Future studies should be multicentric 
and based on a standardized protocol.
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