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Abstract

Background Major Depressive Disorder (MDD) and Alcohol Use Disorder (AUD) are two high-prevalent conditions
where the Endocannabinoid system (ECS) is believed to play an important role. The ECS regulates how di erent
neurotransmitters interact in both disorders, which is crucial for controlling emotions and responses to stress and
reward stimuli. Measuring peripheral endocannabinoids (eCBs) in human serum and plasma can help overcome
the limitations of detecting endocannabinoid levels in the brain. This systematic review aims to identify levels of
peripheral eCBs in patients with MDD and/or AUD and nd eCBs to use as diagnostic, prognostic biomarkers, and
potential therapeutic targets.

Methods We conducted a systematic literature search according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines from the earliest manuscript until October 22, 2023, in three
electronic databases. We included studies of human adults who had a current diagnosis of AUD and/or MDD

and evaluated plasma or serum endocannabinoids. We carefully considered known variables that may a ect
endocannabinoid levels.

Results We included 17 articles in this systematic review, which measured peripheral eCBs in 170 AUD and 359 MDD
patients. Stressors increase peripheral 2-arachidonyl-glycerol (2-AG) concentrations, and 2-AG may be a particular
feature of depression severity and chronicity. Anxiety symptoms are negatively correlated with anandamide (AEA)
concentrations, and AEA signi cantly increases during early abstinence in AUD. Studies suggest a negative correlation
between Oleoylethanolamide (OEA) and length of abstinence in AUD patients. They also show a signi cant

negative correlation between peripheral levels of AEA and OEA and fatty acid amide hydrolase (FAAH) activity.
Eicosapentaenoylethanolamide (EPEA) is correlated to clinical remission rates in depression. Included studies show
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Background

Major Depressive Disorder (MDD) and Alcohol Use Dis-
order (AUD) are highly prevalent mental health condi-
tions, and they tend to co-occur more frequently than
one would expect by chance [1]. MDD is the most preva-
lent psychiatric comorbidity among patients with AUD
[2, 3]. ese two disorders are reciprocal risk factors,
and patients with both conditions tend to experience
more severe symptoms, higher psychosocial needs, an
increased risk of suicidal behaviour [4] and require more
healthcare resources [5]. However, identifying MDD in
people who also consume alcohol could be challenging
as alcohol consumption and withdrawal symptoms may
mimic depressive symptoms [6]. Besides, it is impor-
tant to di erentiate between primary and induced major
depressive disorder [7], as they di er in terms of progno-
sis, risk of relapse [8], and response to antidepressants
[9].

e endocannabinoid system (ECS) moderates interac-
tions among various neurotransmitters, which is crucial
in regulating emotions [10], including the extinction of
aversive memories and anxiety [11]. It also a ects behav-
ioural responses to stress and reward stimuli [12, 13],
neuroin ammation, and neuroplasticity [14].

ere is an increasing amount of evidence indicating
that the ECS plays a crucial role in the pathogenesis of
depressive disorders [15—17]. Chronic cannabinoid type
1 receptors (CB1R) blockade in animals induces anhedo-
nia-like reactions [18] and reduces sensitivity to reward
[19]. In contrast, CB1R stimulation elevates dopamine
release via 2-arachidonyl-glycerol (2-AG) signalling,
increasing motivation and reward-seeking behaviour
[20].

In humans, some studies have found lower CB1R den-
sities in the anterior cingulate cortex of MDD patients,
in comparison to patients with other forms of psychopa-
thology such as schizophrenia and bipolar disorder [21,
22]. In contrast, other postmortem investigations have
observed enhanced CBI1R densities in the prefrontal
cortex [23, 24] and ventral striatum [25]. Furthermore,
higher concentrations of 2-AG [24] have been found in
the brains of suicide victims. Research has linked the
activity of MAO-A and MAO-B enzymes to the ECS [26],
and proposed targeting it for antidepressant therapy and
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identifying it as a biomarker for major depressive dis-
order [27—30]. One of the most direct evidence impli-
cating the ECS in depression is the adverse e ects of
rimonabant, a CB1R antagonist used to treat obesity.
Rimonabant use can worsen depressive symptoms, espe-
cially in those with a history of major depression [31].
Due to severe adverse e ects on mood, including depres-
sion and suicidal thoughts, rimonabant was withdrawn
from the market [32].

Several studies have identi ed a link between ECS and
substance use disorders, particularly concerning positive
reinforcement, relapse, and stress-induced craving [12,
33]. Brief exposure to alcohol has been shown to reduce
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reductions in FAAH, as well as corresponding increases
in endocannabinoids, may contribute to pathological
drinking and could be used as a biomarker for AUD risk
or severity.

Given that eCBs can travel through the blood-brain
barrier and regulate the immune response in both the
brain and periphery [46], it is reasonable to measure
peripheral eCB concentrations to study how the ECS
in uences the development of MDD or AUD [47].  ese
concentrations can be easily and reliably measured in
human serum and plasma, overcoming limitations in
detecting brain eCB levels [48].

is systematic review aims to determine peripheral
eCB levels in individuals with MDD and/or AUD. It also
explores eCB compounds as diagnostic and prognostic
biomarkers and potential therapeutic targets.

Methods
Search strategy
We conducted a systematic literature search from 1970
until October 22, 2023, starting from the earliest pub-
lished manuscript in each database (MEDLINE’s earliest
published manuscript dates back to August 19, 1970.).
e following databases were consulted: MEDLINE, Web
of Science and EMBASE. To conduct the search, we used
speci ¢ terms related to the target population (“Major
depressive disorder” and “Alcohol use disorder”) along
with the chemical compounds (“Endocannabinoids”).
ese terms were combined using Boolean operators and
then applied to each database without any date restric-
tions. e complete search strategy can be found in the
Supplementary material.

e Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines served as guid-
ing principles for reporting in our systematic review [49].

Two authors (JF and FF) conducted an initial screening
of articles by reviewing their titles and abstracts. Full-text
articles were obtained for all potentially relevant articles.
In case of disagreement between the two authors, a third
author (MT) was consulted to decide whether the full-
text article should be obtained. Subsequently, the same
two authors reviewed the full-text articles to determine
their inclusion in the study. To ensure literature satura-
tion, the electronic search was supplemented by a manual
review of the reference lists from eligible publications.

Eligibility criteria

Please note the following inclusion criteria for the study.
Selected studies must involve human subjects who are
adults aged 18 or older, with a minimum of 10 patients
in the study. Participants must have a current diagnosis
of Alcohol Use Disorder and/or Major Depressive Dis-
order, which must be diagnosed by a psychiatrist, or a
structured clinical interview based on the Diagnostic
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and Statistical Manual of Mental Disorders (DSM) [50]
or International Classi cation of Diseases (ICD) criteria.

e studies must evaluate plasma or serum endocan-
nabinoids. e acceptable types of study design include
randomized and quasi-randomized trials, prospective or
retrospective cohorts, longitudinal (one-arm) observa-
tional studies (time-series and before-after studies), and
cross-sectional studies. Lastly, the manuscript should be
written in English. e following studies are excluded:
animal studies, studies in healthy volunteers, review
papers, opinion pieces, comments, letters, editorials,
conference abstracts, posters, case reports, and studies
that do not report original data.

Data extraction

e following details were gathered from the studies that
were included: author names, publication year, study
design, number and characteristics of patients, diagnos-
tic method, any intervention performed during the study,
the method used to measure serum/plasma endocannab-
inoid levels, and the outcome(s) related to MDD or AUD.

We carefully considered known variables that may
a ect endocannabinoid levels, including gender, age,
race, BMI, and antidepressant use [51—-53]. As the studies
included di erent diagnostic groups, the outcomes var-
ied depending on the psychiatric condition under study.
In any case, peripheral eCB levels either from baseline or
endpoint were extracted.

Quality assessment

e Risk of Bias in Non-randomized Studies—of Inter-
ventions (ROBINS-I) tool was used to assess the risk of
bias in included non-randomized trials [54]. e review
process entailed six steps: (1) de ning the research ques-
tion by considering a target trial; (2) identifying the out-
come and result being evaluated; (3) examining how
confounders and co-interventions were handled for the
speci ed result; (4) answering signalling questions for the
seven bias domains; (5) making risk of bias judgments for
each bias domain; and (6) giving an overall judgment on
the risk of bias for the assessed outcome and result (cat-
egories include low, moderate, serious, critical risk of
bias, or lack of information to make a judgment). For the
included randomized studies, the revised Cochrane risk-
of-bias tool for randomized trials (RoB 2) was used [55].
Similar to the ROBINS-I tool, the ROB 2 tool also fol-
lowed six steps: (1) specifying the results being evaluated,;
(2) de ning the e ect of interest; (3) listing the informa-
tion sources used for the assessment; (4) answering sig-
nalling questions for the ve bias domains; (5) judging
the risk of bias for each domain; and (6) evaluating the
overall risk of bias for the result (categories include low
risk, some concerns, or high risk of bias). e quality
assessment was based on the primary e cacy outcome in
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the studies. e quality of observational studies that were
eligible for inclusion was assessed using the Newcastle-
Ottawa Scale (NOS) [56]. e studies were classi ed into
three categories based on their NOS scores, which ranged
from 0 to 9. Scores between 0 and 3 were considered low
quality, scores between 4 and 6 were considered moder-
ate quality, and scores between 7 and 9 were considered
high quality. e scale assessed three key factors: selec-
tion of cohorts, comparability of cohorts, and outcome.

is scale has also been adapted to evaluate the quality of
cross-sectional studies [57], which were classi ed as low,
fair, or good quality depending on their scores.

Due to the heterogeneous nature of the included stud-
ies, no meta-analysis was conducted. e protocol of the
systematic review was registered with the International
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Prospective Register of Systematic Reviews (PROSPERO)
under registration number CRD42023472381.

Results

We retrieved a total of k=2756 unique records through

our systematic search in electronic databases. After

screening titles and abstracts, k=55 full-text articles

were assessed for eligibility, and k=17 articles were
nally included in this systematic review. is process is

described in the PRISMA owchart (Fig. 1).

Twelve studies evaluated peripheral endocannabinoids
in participants with MDD and ve studies in partici-
pants with AUD. e detailed description of all studies
included, and their main results can be found in Tables 1
and 2.

Identificati
s
2
o R oa— PorortARRUS DT o, s _—us iR o
s - Medline (k=2165); N ; DUTOTe SCTeenmg.
.2_ - Web of Science (k-1880); Duplicate records removed
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[
=
v
Records screened Records excluded
(k=2756) (k=2701)
g’ v
=
b Full-text _Essp.kssgg;ior,ewaM\L..,__.-, — -
g (k= Full-text articles excluded (k=39)
- Posthoc analy<i. siliCau, < '~
included trial (k=2)
- Peripheral endocannabinoids
not measured (k=24)
- Alcohol Use Disorder not
specified (k=5)
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Q
£

Fig. 1 PRISMA owchart of selected abstracts and articles
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AUD and MDD, gender di erences

Peripheral endocannabinoids were measured in a total
of 170 AUD patients and 359 MDD patients. Nota-
bly, there is no scienti c literature reporting peripheral
endocannabinoid levels in patients with comorbid major
depressive disorder and alcohol use disorder. Moreover,
excluding participants with current or past alcohol abuse
was common practice in studies of major depressive
patients, except for one study that excluded only severe
substance use disorders [58]. On the other hand, two
studies in AUD participants reported 35 lifetime mood
disorders [59, 60], but did not provide information on
their status or complete de nition.

Gender was not reported for 16 AUD and 92 MDD
patients. Among the remaining 154 AUD participants,
51.3% (79) were women, while among the remaining 267
MDD patients, 79% (211) were women. Out of all the
studies that were included, only three showed di erences
in eCBs based on gender. Romero-Sanchiz and colleagues
[58] found that the concentration of docosahexaenoyl
ethanolamine (DHEA) was signi cantly higher in men
than in women. Moreover, Garcia-Marchena et al. [59]. ,
observed a signi cant main e ect of sex factor on palmi-
toleoylethanolamide (POEA) concentration with higher
concentration in women relative to men. Finally, in a
study by Best and his team [45], gender-based di erences
revealed a trend for higher FAAH levels in women, but
this did not have a signi cante ect overall.

Antidepressant treatment

Antidepressant treatment was reported in a total of 135
patients (96 MDD and 39 AUD patients). Two studies
[61, 62] did not report antidepressant use, and six studies
[45, 60, 63—66] excluded patients taking antidepressants.
In two other studies [67, 68], all MDD patients were
being treated with antidepressants.

During their research, Romero-Sanchiz’s team [58]
discovered a link between the use of SSRIs and higher
levels of OEA, 2AG and dihomo gamma-linolenoyl eth-
anolamide (DGLEA) in the plasma during the recruit-
ment process. However, in a separate study, Bersani et al.
[68]. noted no signi cant variations in endocannabinoid
plasma levels with escitalopram treatment over time.
Meyer et al. [69]. described changes in endocannabinoids
throughout the exercise sessions based on the use of anti-
depressants but did not report any statistical di erences.
While some studies attempted to specify the type of anti-
depressant used [70], most did not analyse this concern-
ing peripheral eCB levels.

2-AG

Major depressive disorder

Some studies have yielded con icting results regard-
ing the levels of peripheral 2-AG in patients with MDD
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when compared to healthy individuals. Hill et al. [65,
66] observed a noteworthy reduction in 2-AG levels in
all-female MDD patients. However, Romero-Sanchiz
et al. [58]. reported signi cantly higher 2-AG levels in
MDD patients, contradicting Hill et al's ndings. Di er-
ent cohort compositions and therapy access in previous
clinical studies can account for varying pro les of plasma
2-AG concentrations. However, most studies did not
show signi cant di erences between MDD individuals
and healthy controls [61, 63, 68, 71]. Coccaro et al. [61],
did not compare eCB levels in depressed individuals and
healthy controls, thus data analysis was not possible.

Severity and chronicity of depressive symptoms

In a study conducted by Bersani and his team [68], they
discovered a signi cant inverse relationship between
the initial levels of 2-AG and self-reported depres-
sive symptoms, measured by Beck Depression Inven-
tory (BDI) scores. Additionally, Kang et al. [70] reported
that individuals with high levels of 2-AG experienced a
faster reduction in grief symptoms over 26 weeks if they
reported higher levels of loneliness at the beginning
of the study. Furthermore, Meyer et al. [69] found that
higher 2-AG levels were associated with lower depressed
mood, confusion, and total mood disturbance for up to
30 min after moderate exercise sessions.

Surprisingly, Hill et al. [65] showed that female patients
with MDD episodes of mild to moderate severity showed
higher levels of AEA but not 2-AG when compared to
non-depressed controls. Partially resembling these nd-
ings, Behnke et al. [71], found higher AEA levels and a
trend for higher OEA levels but no alteration in 2-AG in
women with MDD episodes of mainly mild to moder-
ate severity. Hill et al. [65] also found that 2-AG levels
decrease as major depressive episodes progress chroni-
cally, but not in cases of minor depression. Reduced
activity in the ECS system may lead to less stress bu -
ering and more persistent depressive symptoms.  us,
concentrations of circulating 2-AG may be a particular
feature of depression severity and chronicity.

Stress and inducibility of 2-AG

Hill et al. (2009) [66] showed that stress exposure led to
a signi cant increase in 2-AG concentration in women,
depressed or not, immediately after Triel Social Stress
Test (TSST) administration. However, this increase was
not observed after 30 min. e diagnosis of depression
did not impact endocannabinoid content in response to
stress.

Lazary et al. [67]. reported that 10-day Repetitive
Transcranial Magnetic Stimulation (rTMS) treatment
increased serum 2-AG levels in 18 patients with treat-
ment-resistant depression. Higher 2-AG levels were asso-
ciated with reduced symptoms of depression, anhedonia,
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neurocognitive, and anxiety, with the strongest link being
anxiety symptoms. e study suggests that it is the endo-
cannabinoid system’s inducibility and not the initial
serum content that is associated with rTMS treatment’s
antidepressant e ect.

Alcohol use disorder

Included studies found no signi cant correlation between
AUD diagnosis, AUD severity or length of abstinence and
peripheral levels of 2-AG [60, 62, 72].

AEA

Major depressive disorder

Studies have shown inconsistent results for AEA periph-
eral levels in patients with MDD compared to controls.
A study conducted by Hill et al. in 2009 [66] found that
the basal serum concentration of AEA in 15 women with
major depressive disorder was signi cantly lower com-
pared to that of healthy controls. However, a more recent
study by Behnke et al. in 2023 [71] reported higher cir-
culating AEA levels in 20 women with MDD compared
to non-depressed women. On the other hand, most stud-
ies [58, 61, 63, 65, 68] showed no signi cant di erence in
MDD diagnosis compared to controls.

Anxiety symptoms

Included studies suggest that anxiety symptoms are nega-
tively correlated with AEA levels in the peripheral system
of humans. Hill and colleagues [65] discovered that there
is a negative connection between serum AEA and anxiety
symptoms in 28 depressed women who have not under-
gone treatment. According to the Hamilton Depression
Rating Scale (HDRS), those with higher levels of anxi-
ety showed lower serum AEA content for both cognitive
and somatic anxiety. Besides, Meyer and colleagues [69]
found a signi cant increase in AEA following moderate-
intensity exercise, which was associated with decreases in
anxiety. Moreover, a genotype study [62] of two cohorts,
consisting of 25 low-expressing FAAH variant (385 A
carriers) and 24 common FAAH variant, showed that
385 A carriers had higher serum AEA levels throughout
the study. Although both groups initially had similar anx-
iety levels, 385 A carriers experienced a faster decline in
anxiety. However, Harfmann et al. [73]. found increased
serum AEA levels in the blood of individuals with grief,
along with a positive correlation with anxiety scores. e
authors suggested this may be a protective mechanism
against negative stress responses.

Depression severity

Studies analysing AEA levels in relation to depression
severity do not consistently yield results. In 2019, a study
by Romero-Sanchiz et al. [58]. found that AEA levels
were higher in moderate depression patients than those
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with mild depression and associated with severe somatic
symptoms. Kang et al. [70] found a positive correlation
between loneliness scores and serum AEA concentra-
tions in grievers, but this association ceased to be sig-
ni cant after adjusting for depression severity. Similarly,
Harfmann et al. [73] showed that AEA concentrations
were positively associated with HDRS depression scores
inasigni cant way in the grief group.

However, Hill et al. [65] found that patients with minor
depressive disorder had signi cantly increased serum
levels of AEA. In another study by Meyer et al. [69], an
increase in AEA was broadly associated with a decrease
in feelings of depression, fatigue, and overall mood dis-
turbance resulting from exercise in depressed women.
Similarly, in a clinical trial conducted by Yang et al. [64],
AEA levels were decreased after 12 weeks of eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA)
treatments. e three groups showed a signi cant overall
e ect on the cumulative remission rate as measured by
HDRS depression scores.

Alcohol use disorder and length of abstinence

Research has shown that AEA signi cantly increases
during early abstinence in AUD compared to healthy
controls. However, reliability decreases for longer AUD
abstinence periods.

According to Garcia-Marchena [59], a study of 79 absti-
nent (4 weeks at least) alcohol-dependent patients found
that they had signi cantly higher plasma concentrations
of AEA compared to control subjects. AEA concentra-
tions were negatively correlated with the duration of
alcohol abstinence. In another study, Best and colleagues
[45] reported that 14 individuals in early abstinence (with
a 5-day mean) had signi cantly higher plasma concen-
trations of AEA compared to 25 healthy controls. ere
were no signi cant di erences in AEA plasma levels
between individuals with AUD and healthy controls
during longer abstinence (2—4 weeks). Furthermore, an
older study by Mangieri and colleagues [60] found base-
line plasma AEA signi cantly reduced in 12 abstinent (4
weeks) alcoholics compared to 11 healthy social drinkers.
Other studies [62, 72] did not compare AUD diagnosis
and AEA levels with those of healthy control, and length
of abstinence was not shown.

e studies included in the analysis revealed a sig-
ni cant negative correlation between peripheral levels
of AEA and FAAH activity. Best et al. [45] found that
AEA concentrations were negatively correlated with
brain FAAH activity in individuals with AUD during
early abstinence, but not during longer abstinence. Simi-
larly, in the genotype study conducted by Spagnolo et
al. [62], participants with the 385 A FAAH variant had
higher serum AEA levels during the procedure. Interest-
ingly, in the study conducted by Mangieri and colleagues
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[60], alcohol cue-induced craving was accompanied by a
marked elevation in circulating levels of AEA in healthy
drinkers, but not in alcohol-dependent patients.

OEA
Major depressive disorder
Four studies have investigated the peripheral levels of
OEA in people with MDD, and they have produced
con icting results. One study [58] found that depressed
patients had higher plasma concentrations of OEA,
which were linked to more severe depression and somatic
symptoms. However, two other studies [66, 71] did not
nd any signi cant di erence in OEA levels between
patients with MDD and healthy controls. Another study
[69] showed that moderate-intensity exercise led to an
increase in the circulating OEA in women with major
depressive disorder, but this increase was not strongly
correlated with clinical improvements.

Alcohol use disorder and FAAH activity

Four studies have analysed OEA levels in patients with
AUD, and the evidence they provide suggests a correla-
tion between increased OEA levels in AUD patients and
decreased FAAH activity. Garcia-Marchena [58] reported
that abstinent alcohol-dependent patients had signi -
cantly higher plasma concentrations of OEA than control
subjects, and OEA levels were negatively correlated to
the duration of alcohol abstinence. No e ects of psychiat-
ric comorbidity were related in OEA concentrations, but
major depressive disorder lacks a complete de nition,
and comparing results is not feasible. On the other hand,
Mangieri et al. [60], did not report changes in OEA levels
in AUD compared to healthy controls.

Best and colleagues [45] showed that during early
abstinence from alcohol dependence, plasma levels of
OEA were found to be higher when compared to healthy
controls. is increase in OEA levels was negatively cor-
related with brain FAAH activity, which was similar to
AEA. However, there was no signi cant di erence in
OEA levels between long-term abstinent individuals and
healthy controls. Spagnolo also reported increased OEA
levels in patients with AUD who had low-expressing
FAAH variant [62].

Eicosapentaenoylethanolamide (EPEA)

In a randomized controlled trial conducted by Yang and
colleagues [64], EPEA was measured in the plasma of
88 participants with major depression who were given
DHA, EPA or a combination of both. e study found
that EPEA levels were increased in all treatment groups,
with the EPA-containing treatments showing the high-
est increase. e study also found a positive correla-
tion between EPEA levels and clinical remission rates,
suggesting that EPEA could be a potential endogenous
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therapeutic target for treating major depressive disorder.
us far, no other studies have examined the peripheral
levels of EPEA in patients with MDD or AUD.

Other eCBs and endocannabinoid-like compounds
Palmitoylethanolamide (PEA)

ree studies conducted on individuals with MDD
failed to yield signi cant results with regards to the lev-
els of peripheral PEA observed. PEA levels were similar
in depressed and non-depressed women in two studies
[66, 71]. Meyer et al. [69] found no changes in PEA levels
after exercise. During recovery from stress in depressed
women, Hill et al. [66] found a signi cant reduction in
PEA levels, which was similar to OEA.

One study in AUD patients found a direct correlation
between PEA levels and AUD [58], while another study
found an inverse correlation between PEA levels and
FAAH activity, like the cases of AEA and OEA [62].

Dihomo-gamma-linolenoyl ethanolamide (DGLEA)

In one study [58], it was observed that depressed patients
had signi cantly higher levels of DGLEA in their blood
compared to the control group. e study also found that
patients who were taking antidepressants had higher lev-
els of DGLEA compared to those who were not receiv-
ing antidepressant therapy. In another study [58], it was
found that abstinent alcohol-dependent patients had sig-
ni cantly higher levels of all DGLEA in their plasma than
the control group. No other studies have been conducted
on the peripheral levels of DGLEA in MDD or AUD
patients.

Docosatetraenoyl ethanolamide (DEA)

Only two studies examined peripheral DEA levels. One
found higher plasma DEA levels in abstinent alcohol-
dependent patients compared to controls, negatively
correlated with abstinence length [59]. No signi cant dif-
ferences in peripheral DEA levels were observed between
MDD participants and healthy controls [58].

Docosahexaenoyl ethanolamine (DHEA)

Research showed that early abstainers from alcohol dis-
played high plasma concentrations of DHEA, which
negatively correlated with brain FAAH activity [45].
However, there was no signi cant di erence in DHEA
levels between longer abstainers and healthy controls
with AUD.

Peripheral DHEA levels were found to be similar in
MDD individuals and healthy subjects [58], and treat-
ment with EPA and DHA did not lead to clinical remis-
sion rates despite increasing DHEA levels [64].
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Palmitoleoyl ethanolamide (POEA)
In the only study that measured POEA in MDD patients,
it was found that the severity of depression was posi-
tively correlated with POEA levels [58]. Additionally, in
the only selected study that measured POEA in AUD
patients, it was observed that POEA levels were signi -
cantly higher in AUD patients compared to healthy con-
trols [59].

e rest of the analysed chemical compounds did not
reach any signi cant result to our systematic review.

Quiality assessment
Several clinical studies have been evaluated for their
quality using various tools. e randomized clinical trials
conducted by Yang et al. [64] and Brellenthin et al. [72],
were found to have some concerns and moderate risk of
bias, respectively, according to the ROB-2 tool. e non-
randomized clinical trials conducted by Meyer et al. [69]
and Lazary et al. [67], were rated with serious and mod-
erate risk of bias, respectively. e quality assessment of
cohort studies was conducted using the NOS tool, which
revealed three studies [62, 66, 70] with good quality,
three studies [45, 63, 68] with fair quality and one study
[60] with poor quality. Additionally, cross-sectional stud-
ies were evaluated using the NOS tool, which revealed
two studies [58, 59] with fair quality and four studies [61,
65, 71, 73] with poor quality.

For a comprehensive understanding of quality assess-
ment, please refer to the Supplementary material
(Tables 1,2, 3 and 4).

Discussion

Studies on patients with major depressive disorder
(MDD) or alcohol use disorder (AUD) have found dys-
regulation in peripheral levels of endocannabinoid (eCB)
and endocannabinoid-like compounds.  ese dysregula-
tions may be in uenced by various factors such as gen-
der, chronicity, symptom severity, comorbid psychiatric
symptoms, length of abstinence in the case of AUD, and
stress-inducibility.

Major depressive disorder
Our systematic review found con icting results regard-
ing peripheral eCBs in patients with MDD compared to
healthy controls. It should be noted that preclinical stud-
ies typically associate changes in the ECS with melan-
cholic depression, while the diagnostic criteria for MDD
include various subtypes of clinical phenotypes [74].

e combination of data from all depressed individuals
involved in the review may have obscured a more accu-
rate connection between MDD and peripheral eCBs.

As mentioned by Zajkowska et al. [63], studies report-
ing eCB de ciency in depression did not investigate
in ammation-induced depression. As previous studies
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have shown [75], increased in ammation can lead to
elevated eCB levels and elevated in ammation has been
reported in a subgroup of depressed patients who are not
responsive to antidepressant treatment [76]. Alcohol-
induced depression may be a speci ¢ type of depression
that is caused by dysregulation of the endocannabinoid
system, but scienti c data is lacking. Opportunely, diag-
nostic tools such as the Psychiatric Research Interview
for Substance and Mental Diseases (PRISM) [77] have
been developed to diagnose alcohol-induced depression.

A study conducted by Pavén et al. [78] was not included
in this review because the authors did not provide a clear
de nition of MDD. However, they used PRISM tool for
assessing primary and cocaine-induced mood disorders.

e study found that signi cant increases in OEA and
POEA were only observed in individuals with cocaine-
induced mood disorders as compared to those without
mood disorders. is indicates that the increased levels
of eCBs in individuals with cocaine use disorder were
strongly potentiated by mood disorders, especially those
induced by cocaine.  ere is a lack of scienti c literature
on peripheral eCB levels in patients with comorbid MDD
and AUD. is gap in information hinders our under-
standing of the potential role of eCBs in treating these
conditions.

Depressive symptoms

Some selected studies suggested an inverse relation-
ship between peripheral 2-AG levels and the severity of
depressive symptoms [68—70], as well as longer depres-
sive episodes [65]. However, a recent study conducted by
Fitzgerald et al. [79] has found that individuals who expe-
rience trauma and have higher peripheral levels of 2-AG
are more likely to su er from depression six months later.
Interestingly, there was no observed relationship between
concurrent measures of circulating eCBs and depression
after six months. is nding contrasts with prior stud-
ies which found that individuals with established, chronic
depression had diminished circulating 2-AG levels [65,
66].

Selected studies showed con icting results on the link
between AEA and OEA levels and depressive symptoms.
Other studies in healthy individuals [80] or with bromy-
algia [81] have found that high levels of circulating AEA
are positively linked to depressive symptoms.

To better understand these biomolecules and their
association with MDD, further research is needed to
explore possible non-linear associations between ECS
regulation and MDD severity, covering di erent phases
of depressive disorders. e ECS has a unique feature
called retrograde signalling where signalling starts from
postsynaptic neurons and a ects presynaptic terminals.
AEA and 2-AG are produced in postsynaptic neurons
and released into the synaptic space. ey then travel in
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a retrograde direction to the presynaptic terminal and
interact with CB1R, leading to a decrease in neurotrans-
mitter release [82]. Retrograde signalling is used to syn-
thesize these lipids as needed, and peripheral levels could
be a ected by physical or psychological stressors [83].

Antidepressants

Several studies in our systematic review demonstrated
peripheral eCBs changes related to antidepressant ther-
apy [58, 64, 67]. Romero-Sanchiz and colleagues [58]
reported that the increase in 2-AG and OEA levels was
signi cant because these lipids have shown antidepres-
sant activity in preclinical models of a ective disorders
[84].

Yang et al. (2019) [64] have identi ed EPEA as a prom-
ising endogenous target, paving the way for research
in this eld. EPEA could contribute to the therapeu-
tic e ects of Omega-3 polyunsaturated fatty acids (w—3
PUFAs). is nding supports previous clinical [85] and
preclinical studies [86], which demonstrated a remark-
able increase in the formation of DHEA and EPEA in
blood [87] after administering w—3 PUFAs. Yang et al.
suggested that w—3 PUFAs have antidepressant e ects
by regulating endocannabinoid levels, as purported in
preclinical studies [88, 89]. EPEA or DHEA may bind to
CB1R, which can have an anti-in ammatory or immune-
modulating e ect, being more active than PUFA
precursors [90]. ECBs may increase monoaminergic neu-
rotransmission and accumulate in the brain, enhancing
the reuptake of serotonin, norepinephrine, and dopamine
[88]. erefore, increased peripheral EPEA levels may be
a potential target for treating depression, pending further
research.

In 2018, Ghazizadeh-Hashemi et al. [91] published the
results of a 6-week, double-blinded, placebo-controlled
RCT that investigated the e ect of PEA as an add-on
treatment for 54 MDD patients. All patients received
up to 40 mg citalopram per day, and half of them also
received 600 mg of PEA twice daily. e study showed
that the PEA group experienced a signi cantly larger
improvement in depressive symptoms compared to the
placebo group, although there was no di erence in the
number of remissions between the two treatments. e
study did not measure eCB levels.

Directing attention to the ECS may lead to a promising
treatment of depression. However, it is important to note
that the studies selected for analysis did not provide a
consistent de nition of antidepressant treatment, making
it imperative for future studies to establish a clear de ni-
tion to ensure accurate and reliable results.

Alcohol use disorder
Based on the data from the included studies, the ECS
may have a signi cant role in the development of alcohol
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use disorder [59]. However, the involvement of eCBs is
complicated by their e ect on the modulation of stress-
induced alcohol craving [60], length of abstinence [45],
and FAAH activity [62].

e study conducted by Garcia-Marchena et al. [59].
has suggested that alcohol consumption a ects the bio-
synthesis or degradation pathways of all eCBs. Mean-
while, in other selected studies [45, 62], it has been
observed that FAAH activity plays a crucial role in regu-
lating the peripheral levels of its substrates. It is unclear
whether chronic alcohol use initially elevates peripheral
endocannabinoids through increased biosynthesis [92],
mobilization in peripheral tissues [93], or by reducing
FAAH activity and/or gene expression [35]. Low FAAH
levels in AUD may result from changes in endocannabi-
noids as a compensatory response to decreased CB1R
stimulation.  is may increase endocannabinoid tone
and restore CB1R activity.

In the study conducted by Best and colleagues in 2020
[45], the use of PET imaging with the FAAH radiotracer
[11 C]JCURB revealed that individuals who had lower lev-
els of FAAH in their brain and higher levels of AEA in
circulation were more likely to consume larger amounts
of alcohol.  ese ndings support preclinical studies sug-
gesting endocannabinoid involvement in alcohol-seeking
behaviours [38, 94]. Decreased endocannabinoid metab-
olism may promote increased drinking or re ect an
adaptation to alcohol consumption.

e investigation of altered endocannabinoid signalling
is crucial in understanding the perpetuation of alcohol
use disorder in humans.  ose with the FAAH C385A
polymorphism, which reduces FAAH function, are at an
increased risk for AUD due to higher alcohol intake and
dependence severity [95]. Some clinical studies in youth
have linked the FAAH minor allele variant to increased
consumption of alcohol and other drugs [96, 97]. Fur-
thermore, greater risks for binge drinking, drinking ini-
tiation, and escalation were associated with slow FAAH
activity in another study [98]. Crosstalk between the
dopaminergic and endocannabinoid systems has been
linked to alcohol response, with FAAH polymorphism
altering D3 receptor levels in humans and rodents [99]. It
is essential to explore potential endocannabinoid-medi-
ated pathways that contribute to the risk of developing
alcohol use disorders in future research.

OEA has therapeutic potential in treating negative
e ects of alcohol abuse, including cognitive decline, neu-
roin ammation, withdrawal responses, motivation, and
relapse [100]. Similarly, CB1R antagonism decreases vol-
untary intake of alcohol in rodents and suppresses dopa-
mine release [101]. e potential for treating SUDs with
neutral CB1R antagonists, CB2R agonists, and nonselec-
tive phytocannabinoids has been demonstrated in experi-
mental animals. Accumulating evidence supports their
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therapeutic e ectiveness and justi es their exploration as
viable treatment options [102].

Anxiety

Some included studies [62, 65, 69] have found an inverse
relationship between anxiety symptoms and peripheral
AEA content in humans. Based on preclinical research,
increased AEA signalling in the brain reduces anxiety and
improves mood [103—105].  is suggests that higher lev-
els of AEA in the bloodstream may have similar e ects.

Several studies have found that individuals with anxi-
ety have lower peripheral AEA content, and those with
PTSD and lower AEA content have more severe symp-
toms [69, 106, 107]. Exercise-induced increases in AEA
concentrations are linked to positive a ect in healthy
individuals [108, 109]. Interestingly, individuals with
PTSD fail to exhibit exercise-induced increases in circu-
lating 2-AG concentrations, while elevations in AEA are
still preserved [110].

Harfmann et al. [73]. proposed that higher serum
AEA levels indicate an active ECS response in people
experiencing grief. AEA signalling may help transition
to integrated grief, and a positive correlation between
serum AEA levels and depressive/anxiety symptoms was
observed only in those with low grief symptoms.

e signalling ability of AEA to reduce anxiety has
been observed to be highly speci c to the stressful nature
of the environment. is implies that blocking FAAH
using either pharmacological or genetic methods can be
more e ective in reducing anxiety-related behaviours
when dealing with challenging environmental conditions
or after experiencing overt stressors [111, 112]. Elevat-
ing AEA signalling has been shown to e ectively reduce
anxiety caused by both acute and chronic stress [113,
114], and AEA may have an inverse relationship with
the severity of anxiety experienced [115
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than females [125, 126]. Plasma 2-AG concentrations
were 20% higher in males than in females [127]. Another
recent study [128] revealed higher levels of 2-AG, AEA,
OEA and PEA in males and suggested that eCBs display
sexual dimorphism in age ranges corresponding to female
pregnancy, menopause, and post-menopause, while male
eCBs changes throughout the lifespan are most likely
in uenced by testosterone levels.

Anandamide have been positively correlated with
oestrogen [129]. Plasma AEA levels were highest dur-
ing ovulation and lowest during the late luteal phase in
women with natural menstrual cycles [130] and in endo-
metriosis patients [131]. Decreased oestrogen levels can
reduce endocannabinoid signalling [132], which is cru-
cial for negative feedback and can impede HPA initiation
[133].

Most selected studies in this review did not consider
gender di erences, and the sample size was insu cient
for data analysis. Further research with demographically
balanced samples of su cient size is required to deter-
mine whether changes in peripheral endocannabinoids
are similar across both males and females.

Peripheral endocannabinoids

Preclinical studies suggest that eCB changes in the brain
are closely linked to the peripheral nervous system, as
indicated by levels of 2-AG [134, 135]. Our systematic
review showed that humans with major depressive disor-
der or alcohol use disorder might have altered circulating
levels of eCBs, which are connected to known variables
[58, 59, 65]. is may indicate a potential link between
the central nervous system (CNS) and peripheral eCBs
[136].

e biological signi cance of peripheral levels of
eCBs is not entirely understood. However, it is known
that peripheral endocannabinoids can cross the blood-
brain barrier (BBB) through the membranes of the brain
microvessels’ endothelial cells [137]. It is worth noting
that the brain is the main source of eCBs, but peripheral
organs such as the liver, gut, fat tissue, and endothelium
can also produce and release eCBs.  erefore, changes in
plasma endocannabinoid levels may be linked to periph-
eral symptoms associated with depression, such as meta-
bolic and immune alterations [138]. It is unclear whether
these e ects are mediated by the CB1R or other signal-
ling pathways, such as the PPAR-a [100].

Although there are strong correlations between brain
FAAH levels and eCB levels in the peripheral circula-
tion [45], cerebrospinal AEA levels have not always been
found to correspond to serum levels [139] or symptom
improvement [140]. Furthermore, increased plasma lev-
els of FAAH substrates could be due to low FAAH in
peripheral organs like the liver or a mechanism unrelated
to FAAH. erefore, it is currently unclear if the levels of
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circulating eCBs are re ective of endocannabinoid levels
in the brain [68]. To better understand this correlation,
further studies are required to examine both CNS and
peripheral eCB levels.

Endocannabinoids and exogenous cannabinoids use
Repeated cannabis use is linked to various neuroadap-
tations in the ECS [141, 142]; however, there is a lack of
research on peripheral endocannabinoids and exogenous
cannabinoids use.

A study found that a single intravenous dose of tetra-
hydrocannabinol (THC) increased plasma levels of 2-AG
and AEA, followed by a reduction after 5 h. Oral THC
administration also increased 2-AG and AEA levels [143].
In a recent study, smoking cannabis led to increasing lev-
els of THC in the blood but did not signi cantly change
AEA and 2-AG peripheral levels. Higher baseline AEA
levels were associated with greater intoxication from
cannabis, while heavier cannabis use was linked to lower
baseline 2-AG levels [144]. Further studies are needed
to examine changes in peripheral endocannabinoids in
response to speci c active exogenous cannabinoids.

Limitations

e limitations of this review call for cautious interpreta-
tion of the ndings. First, only articles written in English
were selected, which could exclude valuable informa-
tion provided by articles in other languages. Moreover,
several reviewed studies did not consider di erences in
gender, age, associated comorbidities, or antidepressant
treatment. Additionally, endocannabinoid measures were
taken during di erent phases of depressive disorder and
length of abstinence in AUD patients. Furthermore, there
is evidence that circulating 2-AG concentrations rise sig-
ni cantly between 7 and 11 a.m [145]. , whereas the con-
centrations of AEA do not change signi cantly, except
following the morning meal [146]. ese ndings could
contribute to the magnitude of the changes in peripheral
endocannabinoid levels [73]. Other factors that may have
a ected our ndings include variabilities in diet, includ-
ing the content, quantity, and frequency of food con-
sumed, which can a ect tissue concentrations of eCBs
[45].

Given these limitations, larger cohorts are required to
achieve su cient statistical power to consider the in u-
ences of relevant covariates. However, eCB levels were
often considered secondary or exploratory in the selected
studies. Although the ndings are informative, they may
be at an elevated risk of type | and/or Il error due to mul-
tiple testing, statistical power, and study design. Another
signi cant challenge in future studies is replicating the
available results by applying similar procedures. Clinical
studies that employ minimally invasive techniques such
as neuroimaging and utilize accessible biological samples
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like blood are crucial. With speci c selection criteria,
these studies can further explore how endocannabinoids
(eCBs) could serve as potential biomarkers for diagnosis,
prognosis, and therapeutic targets in MDD and AUD.
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