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Abstract
Background: Although current treatments for Post-Traumatic Stress Disorder (PTSD) in war veterans are effective, unfor-

tunately 30–50% still do not benefit from these treatments. Trauma-focused therapies, eg exposure therapy, are primarily

based on extinction processes in which the endocannabinoid system (ECS) plays a significant role. Therefore, it can be hypoth-

esized that poor treatment response on trauma-focused therapy due to extinction deficits may be associated with a poorly

functioning ECS. The present study examined whether the endocannabinoids anandamide (AEA) and 2-arachidonylglycerol (2-

AG) are associated with post-treatment symptom reduction.

Methods: Blood plasma levels of AEA and 2-AG were determined in war veterans with a PTSD diagnosis (n= 54) and combat

controls (n= 26) before and after a 6–8 month interval. During this period veterans with PTSD received trauma-focused ther-

apy (eg cognitive behavioral therapy with exposure or eye-movement desensitization and reprocessing). Clinical symptoms

were assessed before and after therapy with the Clinician Administered PTSD Scale (CAPS), State-Trait Anxiety Inventory

(STAI) and Mood and Anxiety Symptom Questionnaire (MASQ).

Results: Regression analysis demonstrated that pretreatment endocannabinoid levels were not predictive of PTSD symptom

reduction. Additionally, baseline endocannabinoid levels did not differ between either PTSD and combat controls or between

combat controls, treatment responders, and non-responders. Only cortisol levels significantly decreased over time from pre-

to posttreatment (p= .041). Endocannabinoid levels were significantly lower in individuals who reported cannabis use during

their lifetime, independent of PTSD diagnosis. Furthermore, correlation analysis revealed that pretreatment 2-AG levels in

PTSD were positively correlated with anxious arousal (r= .354, p= .015) and negatively with avoidance symptoms (r=
-.271, p= .048). Both posttreatment AEA and 2-AG were positively correlated with trait anxiety (AEA r= .459, p= .003;

2-AG r= .423, p= .006), anxious arousal (AEA r= .351, p= .024; 2-AG r= .311, p= .048) and general distress depression

symptoms (AEA r= .414, p= .007; 2-AG r= .374, p= .016).

Conclusion: Since endocannabinoids are mainly generated ‘on demand’, future work could benefit by investigating endocan-

nabinoid circulation under both baseline and stressful conditions. In line with previous research cannabis use was associated

with lower endocannabinoid levels. The correlation analysis between pre- and posttreatment endocannabinoid levels and pre-

and posttreatment clinical symptomatology were exploratory analysis and should be replicated in future research.
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Introduction
During military deployment exposure to traumatic situations
can lead to the development of Post-Traumatic Stress
Disorder (PTSD). PTSD is characterized by intrusive
re-experiencing, avoiding reminders of the traumatic event,
hyperarousal and alterations in mood and cognition.1

European prevalence rates demonstrated that approximately
9% of soldiers develop PTSD symptomatology six months
after returning from military deployment.2,3 Although there
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is a large number of effective treatments for PTSD 30–50%
of patients does not adequately benefit from these thera-
pies.4–6 Neurobiological mechanisms that are relevant to
the etiology of PTSD are linked to the endocannabinoid
system (ECS) and are suggested as a novel target for the
development of pharmacological treatments besides current
PTSD treatments.7,8

The ECS is a lipid signaling system that plays an impor-
tant role in the regulation of stress, depressive and anxiety
like behavior.9 It also acts as a feedback loop to inhibit
responses of the HPA-axis to stressors.10,11 The ECS consists
of the CB1 and CB2 receptor which belong to the class of G
protein-coupled receptors. The endogenous ligands that acti-
vate the CB1 and CB2 receptors are anandamide (AEA) and
2-arachidonylglycerol (2-AG).12 AEA and 2-AG, are gener-
ated ‘on demand’, eg in reaction to stressful situations, and
act in a retrograde manner to regulate neurotransmitter
release, primarily through inhibition of GABAergic and glu-
tamatergic neurotransmission.13–16 CB1 receptors are partic-
ularly of interest in relation to PTSD and anxiety disorders
because they are expressed in most limbic structures in the
brain, including the prefrontal cortex, amygdala and hippo-
campus, which are areas commonly reported as involved in
PTSD and fear extinction learning.17 CB2 receptors are
located primarily in peripheral and immune tissues.18

Preclinical research has demonstrated a crucial role for the
ECS in the extinction of aversive memories.19 Blocking or
genetically deleting the CB1 receptor resulted in a failure to
extinguish fear.19–21 On the other hand, augmenting endo-
cannabinoid signaling by CB1 agonists or the pharmacolog-
ical blockade of the enzyme FAAH, that breaks down the
endocannabinoid AEA, enhances extinction learning.22,23

First line treatments for PTSD and anxiety disorders are
often based on these (fear) extinction learning mechanisms,
eg (imaginary) exposure therapy.24 During treatment patients
are repeatedly exposed to the feared stimuli without experi-
encing actual threat in order to achieve extinction of this
fear response. Interestingly, PTSD patients often show an
inability to inhibit the intense fear reaction to stimuli that
reminds them of their trauma.17,25 PTSD and anxiety disor-
ders are therefore often described as a disorder of learning
and memory because of these deficits in extinction and
recall of the extinction memory.17,25 Non-response to
current treatments is possibly due through deficits in these
fear extinction processes. Together these findings suggest
that poor response to treatment due to an extinction deficit
may be associated with a poorly functioning ECS.

Previous studies have demonstrated that alterations in circu-
lating endocannabinoids levels were indeed associated with
PTSD. In individuals who were exposed to the world trade
center attacks, circulating 2-AG plasma levels measured 4–6
years after the event were reduced among those who had devel-
oped PTSD in comparison to those who did not.26 Although no
differences in plasma AEA levels were found, within the PTSD
group AEA levels exhibited a negative relationship with the

degree of intrusive symptoms experienced. Another study
reported that PTSD was associated with reduced AEA levels
accompanied by an upregulation of CB1 receptors within the
amygdala-hippocampal-cortico-striatal neural circuit, compared
with a trauma and healthy control group.27 This might indicate a
compensatory upregulation of CB1 receptors in PTSD due to
low receptor occupancy by AEA. However, opposite or null
effects were also reported on differences in AEA and 2-AG
levels between PTSD patients and controls.14,28

So far, studies have mainly focused on endocannabinoid
levels in individuals with PTSD, and hardly on the predic-
tive value of these levels on treatment outcome. Since pre-
clinical studies suggests that extinction processes depend
on endocannabinoid signaling, higher pretreatment endo-
cannabinoid levels might be associated with better treat-
ment outcome in PTSD. Insight into the predictive value
of endocannabinoid levels on treatment outcome can give
more insight into the potential role of augmenting this
system (eg with cannabidiol or FAAH inhibitors), and
hence inform the development of novel pharmacotherapy
aimed at the ECS in the treatment of PTSD and anxiety
related disorders.

In the current study blood plasma concentration were
analyzed from war veterans with and without PTSD diag-
nosis. Veterans with a PTSD diagnosis who received
trauma-focused therapy were assessed before and after 6–
8 months of treatment (treatment as usual). This treatment
consisted of cognitive behavioral therapy with exposure
(tfCBT) and/or eye-movement desensitization and repro-
cessing (EMDR). The combat control group did not
receive treatment during this interval. The primary aim of
this study was to examine if pretreatment endocannabinoid
levels in individuals with PTSD can predict treatment
outcome. Additionally, we examined whether baseline
endocannabinoid levels (AEA and 2-AG) differed
between PTSD and combat controls to replicate finding
from previous studies. We hypothesized that PTSD patients
demonstrate lower baseline endocannabinoid levels com-
pared to controls, and that higher pretreatment endocanna-
binoid levels are associated with larger PTSD symptom
reduction within the patient sample. Our secondary aim
was to explore if pre- and posttreatment endocannabinoid
levels are associated with specific pre- and post-treatment
PTSD symptom clusters (re-experiencing, avoidance and
hyperarousal), state and trait anxiety, and anxiety and
mood symptoms (depressive symptoms, anxious symp-
toms, mixed symptoms, anxious arousal and anhedonic
depression).

Method

Participants
Subjects that were included in the study were part of a larger
study on the neurobiological mechanism underlying the
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recovery of PTSD.29 Individuals diagnosed with PTSD (n=
57) were recruited from one of the four outpatient clinics of
the Military Mental Healthcare, Ministry of Defence, The
Netherlands. Veterans without a current psychiatric illness
(combat controls; n= 29) were recruited through advertise-
ments. Subjects were included in the study if they were
active duty military or veterans who in the past participated
in a military deployment for a duration of at least 4 months
and who were aged between 18 and 60 years at time of the
study. Subjects were excluded in case of substance abuse
and/or substance dependency during the study. All measure-
ments were assessed twice within a 6–8 month interval. In
between the two assessments PTSD patients received trauma-
focused therapy (treatment as usual) consisting of cognitive
behavioral therapy with exposure (tfCBT) and/or eye-
movement desensitization and reprocessing (EMDR). The
study was approved by the Medical Ethics Committee of
the University Medical Center Utrecht (09/314) and con-
ducted in accordance with the Declaration of Helsinki. All
participants provided verbal and written informed consent
before screening and participation in the study.

Clinical Evaluation
PTSD symptom severity was assessed using the Clinician
Administered PTSD Scale for DSM-IV (CAPS-IV) which
was administered by a trained researcher.30 Participants with a
PTSD diagnosis were included when the total score on the
CAPS was 45 or above.31 Controls were included if they had
a total CAPS score of≤15 and no current psychiatric disorder.30

In addition, the Structural Clinical interview for DSM-IV axis I
disorders (SCID-I)32 was conducted to access comorbid psychi-
atric disorders. Additionally, in the SCID-I interview cannabis
use was probed: ‘Did you ever used cannabis during your life-
time.’ The interview asked people to describe the period of the
heaviest substance use (age, date and duration). This period
could then be divided in “substance never used”, “used sub-
stance less than 10 times a month” or “used substance at least
10 times a month or substance dependency.” However, since
the description of the period of use was not clearly documented
in the interviews we chose to score this question on cannabis use
during someone’s lifetime as “yes” or “no”.

Questionnaires
Questionnaires were assessed both pre- and posttreatment. State
and trait anxiety were assessed with the State-Trait Anxiety
Inventory (STAI-DY).33 The Early Trauma Inventory (ETI)
was used to assess traumatic experiences during childhood.34

Lastly, The Mood and Anxiety Symptom Questionnaire
(MASQ) was used to measure depressive, anxious, and mixed
symptoms symptomatology.35 The questionnaire consists of
three scales, one scale that measures general distress (depressive
symptoms, anxious symptoms and mixed symptoms), one scale
that measures anxiety symptoms (anxious arousal) and one

scale that measures depression symptoms (anhedonic depres-
sion). Additionally, data was collected about medication use
(use during the time of the study visits) and cigarette use
(average per week).

Endocannabinoid and Cortisol Measurements
Blood samples were taken both pre- and posttreatment between
08.00 and 11.00 AM All blood samples were collected
between 2010–2013. After collection of the blood samples,
they were immediately centrifuged to extract plasma and
frozen at−80 °C. In 2019 AEA and 2-AG levels were deter-
mined. Anandamide levels were determined using the AEA
ELISA (abx258779, Abbexa Ltd, Cambridge, UK). The lower
limit of detection was 3 ng/mL. Intra-assay variation at 60 ng/
mL was 3.2%. Inter-assay variation at 60 ng/mL was 8.8%.
Arachidonoylglycerol levels were determined using the 2-AG
ELISA (abx258337, Abbexa Ltd, Cambridge, UK). The lower
limit of detection was 4 ng/mL. Intra-assay variation at 95 ng/
mL was 8.4%. Inter-assay variation at 95 ng/mL was 11.0%.
Additionally, we determined cortisol levels because of the role
of the ECS in mediating the actions of glucocorticoids.10

Cortisol was measured in one batch using an electrochemilumi-
nescence immunoassay on the Modular E411 (Cortisol II,
Roche Diagnostics GmbH, D-68298Mannheim, Germany).
The lower limit of detection was 2 nmol/L and intra assay varia-
tion was <2.4% at 100–900 nmol/L respectively.

Statistical Analysis
Pre- and post-plasma levels of AEA, 2-AG and cortisol levels
were first compared between individuals with PTSD and
combat controls, using a mixed model analysis of variance
(mixed ANOVA) for AEA, 2-AG and cortisol separately.
In this analysis the factor Group (PTSD and combat controls)
was the between-subjects factor and Time (pre- and post-plasma
concentrations) the within-subject factor. Subsequently the
PTSD subjects were divided into treatment responders and non-
responders. Based on previous studies treatment responders
were conceptualized to have a reduction in CAPS scores of
≥30% posttreatment.36,37 To investigate differences in pre-
and post-plasma concentration between combat controls, treat-
ment responders, and non-responders we used a mixed
ANOVA with a three level between-subject factor Group.
The aforementioned analysis was also performed including
age, comorbidity (depression and anxiety), medication use
(SSRIs and Benzodiazepines), childhood trauma, cigarette
use, units of alcohol the day before blood sampling, and canna-
bis as separate covariates to the model. It was not possible to
analyze type of treatment (tfCBT and EMDR) since most par-
ticipants had received a combination of these treatments.
Linear regression analysis was used to test whether pretreatment
endocannabinoids levels (AEA and 2-AG) and cortisol in the
PTSD group could predict symptom reduction. Symptom
reduction was conceptualized as percentage reduction in
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symptoms from pre- to posttreatment. Lastly, bivariate correla-
tions were performed to explore the relationship between pre-
treatment plasma levels and pretreatment CAPS symptom
clusters (re-experiencing, avoidance, hyperarousal); state and
trait anxiety; and the MASQ subscales (anxious arousal, anhe-
donic depression, depressive symptoms, anxious symptoms and
mixed symptoms). The aforementioned bivariate correlation
analyses were also performed to explore this relationship at
posttreatment levels and clinical symptoms. The p-values
from the bivariate correlations were corrected for multiple
testing by using the Benjamini-Hochberg procedure.38 All anal-
yses were carried out with IBM SPSS Statistics (version 25) and
p<0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics
Clinical characteristics of the included sample (N= 80) are
displayed in Table 1. Groups did not differ on any of these

clinical characteristics, except, as expected, on state and
trait anxiety, comorbid disorders (depression and anxiety),
medication use (SSRIs and Benzodiazepines), CAPS and
MASQ scores. Five participants were removed because of
plasma levels that were far above the expected range. The
only female participant was excluded because of known
gender differences with regard to ECS activity.39

Endocannabinoid and Cortisol Levels in PTSD and
Combat Controls
The mixed ANOVA for differences in AEA levels (see
Table 2 and Figure 1 for data) demonstrated no effect of
Group, F(1,71)= .004, p= .947, Time F(1,71)= .025, p
= .874, or Time×Group interaction, F(1,71)= 1.388, p=
.243. For 2-AG levels no main or interaction effects
were found either (Group F(1,71)= .085, p= .771; Time
F(1,71)= .789, p= .377; Time×Group F(1,71)= 1.021,
p= .316). A main effect of time for cortisol was observed,
F(1,71)= 4.313, p= .041, partial η2= .06, reflecting that

Table 1. Demographic and Clinical Characteristics of PTSD Patient and Combat Controls (N= 80).

Combat Control (n= 26) PTSD (n= 54) Test statistic p-value
mean (sd) or n (%) mean (sd) or n (%)

Age (in years) 36.65 (9.61) 36.33 (10.02) F= .018 .892

Education Level (ISCED) 5.31 (1.81) 5.26 (1.43) F= .014 .908

Number of missions 2.42 (1.45) 2.65 (2.95) F= .141 .708

Early traumatic experiences 3.13 (3.01) 5.23 (4.73) F= 3.777 .056

State anxiety 30.70 (6.92) 54.15 (9.52) F= 110.638 <.001*

Trait anxiety 31.78 (4.77) 52.26 (7.97) F= 128.588 <.001*

Substance use1

Cannabis use (ever during life) 12 (63.2%) 27 (50.9%) X2= .840 .359

Cigarettes (average per week) 4.56 (14.24) 4.73 (6.94) F= .005 .946

Comorbid disorders (number)1

Depression current 0 (0%) 30 (55.6%) X2= 23.111 <.001*

Anxiety disorder current 0 (0%) 18 (33.3%) X2= 11.183 .001*

Alcohol dependence 0 (0%) 2 (4.1%) X2= 1.049 .306

Medication1

SSRI 0 (0%) 15 (28.3%) X2= 9.083 .003*

BENZO’s 0 (0%) 10 (18.9%) X2= 5.617 .018*

PTSD symptoms
Re-experiencing (CAPS B) 0.62 (1.20) 23.56 (5.05) F= 519.951 <.001*

Avoiding (CAPS C) 1.04 (2.31) 23.44 (9.55) F= 138.434 <.001*

Hyperarousal (CAPS D) 3.08 (3.14) 24.63 (4.65) F= 457.323 <.001*

Total (CAPS TOTAL) 4.73 (4.81) 71.63 (12.89) F= 653.021 <.001*

MASQ
Anhedonic Depression 45.87 (8.95) 76.23 (12.17) F= 112.963 <.001*

Anxious Arousal 21.61 (8.46) 38.11 (12.52) F= 32.560 <.001*

General Distress Depression 16.65 (8.12) 29.94 (9.15) F= 34.950 <.001*

General Distress Anxiety 14.65 (4.91) 29.00 (7.67) F= 66.820 <.001*

General Distress Mixed 22.91 (8.76) 45.53 (9.17) F= 96.636 <.001*

ISCED= International Standard Classification of Education.

MASQ=Mood & Anxiety Symptom Questionnaire.

CAPS=Clinician Administered PTSD Scale.
1Because of missing data values and percentages will not always equal the total sample size.
*Significant with a p< .05.
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cortisol levels decreased over time. Finally, there was no
main effect of group F(1,71)= 1.668, p= .201 or Time×
Group interaction F(1,71)= .274, p= .603 for cortisol
levels. The mixed ANOVA for differences in AEA
levels and 2-AG levels was then tested with the addition
of several covariates tested independently of each other.
Out of these age, comorbidity (depression and anxiety),
medication (SSRIs and Benzodiazepines), early childhood
experience, units of alcohol the day before blood sam-
pling, and cigarettes per week were tested (see
supplementary data Table S1), but these covariates did
not change the tested model, so none of these were
retained in further analyses.

Cannabis use Associated with Post AEA, and Pre and
Post 2-AG Levels
Adding Cannabis use as a covariate to the previous tested
model resulted in a significant effect of Cannabis use
(yes or no) on both AEA (F(1,62)= 4.780, p= .033,
partial η2= .07) and 2-AG levels (F(1,62)= 6.559, p=
.013, partial η2= .09). Furthermore, there was a signifi-
cant Time ×Cannabis use effect for both AEA (F(1,62)
= 4.649, p= .035, partial η2= .07) and 2-AG (F(1,62)=
4.879, p= .031, partial η2= .07). Simple effect analysis
revealed that pre(treatment) AEA did not differ between the
Cannabis use groups, F(1,71)=3.184, p= .79, contrary to
post(treatment) AEA levels (F(1,64)= 7.541, p= .008, partial
η2= .11). Pre(treatment) 2-AG levels (F(1,71)= 5.033, p=
.028, partial η2= .07; and post(treatment) 2-AG levels
F(1,64)=8.841, p= .004, partial η2= .12) also differed
between the Cannabis use groups, in which lifetime cannabis
users demonstrated lower levels in comparison to individuals
who never used cannabis during their life, see also Figure 2.
This suggests that cannabis use was associated with lower
post AEA, and lower pre and post 2-AG levels independent
of PTSD diagnosis.

No Differences in Endocannabinoid Levels Between
Combat Controls, Treatment Responders and
Treatment Non-Responders
The groups were divided into combat controls, treatment
responders and non-responders to investigate differences in
endocannabinoid levels between these three groups.
Clinical characteristics of the differentiation are displayed
in the supplementary data Table S2. The mixed ANOVA
analysis demonstrated the same pattern of effects as the anal-
ysis with the 2 groups differentiation (combat controls and
PTSD). For mean scores and standard deviations see
supplementary data Table S3 and for the covariate analysis
see supplementary data Table S4.

Pretreatment Endocannabinoid Levels are Not
Predictive of Symptom Reduction
AEA, 2-AG and cortisol levels were added separately into a
regression model to investigate their predictive value on
treatment success. Because cannabis use has an influence
(of effect) on endocannabinoid levels we also added this var-
iable into our regression model. Regression analysis demon-
strated that neither pretreatment AEA (F(2,45)= 1.222, p=
.304), 2-AG (F(2,45)= .986, p= .381) nor cortisol (F(2,45)
= .035, p= .965) were able to predict percentage symptom
reduction in PTSD symptomatology as measured with the
CAPS.

Pretreatment 2-AG Levels are Associated with Anxious
Arousal and Avoidance, and Posttreatment AEA and
2-AG Levels are Associated with Trait Anxiety, General
Distress Depression and Anxious Arousal
Correlations between endocannabinoid levels (AEA and
2-AG), cortisol and clinical symptoms (CAPS subscales,
STAI and MASQ) were only investigated in the PTSD
group (see supplementary data Table S5, S6 and S7),
because of predominantly low scores for the combat controls
on these questionnaires. The correlations were tested for both
pre- and post-treatment levels and pre- and post-treatment
clinical symptoms. Only the associations that survived the
Benjamini-Hochberg procedure are reported, for the other
correlations see supplementary data Table S5, S6 and S7.

For the analysis on pre-treatment 2-AG and pre-treatment
clinical symptoms the association between pretreatment
2-AG and pretreatment MASQ anxious arousal symptoms
(r(45)= .354, p= .015. and pretreatment 2-AG and pretreat-
ment CAPS avoidance symptoms (r(52)= -.271, p= .048)
were significant, see Figure 3. This suggests that elevated
2-AG levels in PTSD are associated with higher anxious
arousal and with less avoidance symptoms.

Additionally posttreatment 2-AG levels demonstrated
positive correlations with posttreatment trait anxiety (r(41)
= .423, p= .006), general distress depression (r(41)= .374,
p= .016) and anxious arousal (r(41)= .311, p= .048), see
Figure 4.

The same pattern was demonstrated between posttreat-
ment AEA levels and posttreatment trait anxiety (r(41)=
.459, p= .003), general distress depression (r(41)= .414, p
= .007) and anxious arousal (r(41)= .351, p= .024), see
Figure 5.

Discussion
Our study indicated that baseline endocannabinoid levels
(AEA and 2-AG) did not differ between PTSD and combat
controls nor between combat controls, treatment responders,
and non-responders. Pretreatment endocannabinoid levels
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were also not predictive of treatment induced PTSD
symptom reduction. However, our findings indicated that
endocannabinoid levels were reduced in individuals who
reported to have used cannabis during their life, independent
of PTSD diagnosis. Lastly, pretreatment 2-AG levels in
PTSD were observed to be associated with pretreatment
anxious arousal and avoidance symptoms. Additionally,
both posttreatment AEA and 2-AG levels were associated
with posttreatment trait anxiety, general distress depression
and anxious arousal.

Contrary to our expectations no baseline differences in
endocannabinoid levels were found between combat

controls and PTSD patients. Additionally, endocannabi-
noids remained stable over time, eg no differences
between pre- and post-endocannabinoid levels. To date,
most studies reported contradictory findings, namely
either a reduction or an increase, or no differences in base-
line endocannabinoid levels in PTSD patients compared to
controls.26–28 Preclinical and clinical studies suggest that
endocannabinoids are recruited in the brain during stress,
which supports to terminate the stress response.10,16

Chronic elevation of these endocannabinoid levels might
lead to a downregulation of endocannabinoid signaling.
This could explain the reduction in endocannabinoid

Table 2. Pre and Post Endocannabinoid and Cortisol Levels for PTSD and Combat Controls.

PTSD (n= 54) Combat Controls (n= 26)
M SD M SD

AEA (ng/ml) Pretreatment 45.81 35.10 43.27 33.08

Posttreatment 44.08 31.01 45.53 36.76

2-AG (ng/ml) Pretreatment 70.61 50.35 64.75 51.60

Posttreatment 70.35 48.00 68.88 58.64

Cortisol (nmol/L) Pretreatment 381.63 111.61 355.38 108.09

Posttreatment 361.27 121.02 321.29 119.26

Figure 1. Pre- and post(treatment) endocannabinoid and cortisol levels for PTSD and combat controls.
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levels reported in some studies. On the other hand, it may
not be the case that such chronic stress and corresponding
endocannabinoid reactivity leads to ECS downregulation,
which could explain studies that reported an increase in
endocannabinoid levels in PTSD.28

Our findings, however, correspond with the studies that
reported no baseline differences in endocannabinoid levels
between PTSD and controls.14,40 In addition one of these
studies reported that in contrast to healthy controls, psycho-
social stress did not induce an increase in 2-AG levels is
PTSD.14 This suggests an alternative explanation in which
PTSD may be associated with an unresponsiveness of the
ECS in reaction to stressful situations, also supported by
data from healthy individuals.15,16 An increase in endocanna-
binoid levels during stress has been observed in individuals
who successfully adapt to stressful situations, in contrast to
those who displayed a maladaptive stress response.15,16 A
possible cause that we found no differences in endocannabi-
noid levels is that they were measured at baseline instead of
during a stress induction. More research is needed to gain
further insight into which factors play a role in the elevation
or reduction in baseline endocannabinoid levels and the reac-
tivity of the ECS under different forms of stress in PTSD
patients.

Given the important role that the ECS and specifically
AEA has during extinction learning,41,42 we hypothesized
that lower endocannabinoid levels prior to trauma-focused
therapy could possibly predict reduced treatment effect, ie,
less treatment induced reduction of symptoms. However,
our study did not demonstrate a relationship between endo-
cannabinoid levels and treatment success, possibly because
our study has measured endocannabinoid levels during base-
line conditions. Fear reduction during extinction depends on
first activating this fear, and with that potentially also the
ECS. This may explain why baseline endocannabinoid
levels that we compared between combat controls, treatment
responders and non-responders in our study were not repre-
sentative of the level of ECS activation in patients during
treatment. By measuring endocannabinoid levels during
both baseline conditions and during fear extinction, future
studies can elucidate possible difference in reactivity of the
system during fear extinction.

With post-hoc analysis we observed that reduced endo-
cannabinoid levels were associated with people who used
cannabis occasionally during their life, independent of
PTSD diagnosis. It is known that chronic cannabis use is
associated with CB1 receptor desensitization and down-
regulation of endocannabinoid signaling.43 Reduction of

Figure 2. Post-Hoc test on mean difference and SEM on pre and post AEA and 2-AG levels between individuals who reported to have used

cannabis during their lifetime and non-cannabis users, independent of PTSD diagnosis. *Significant with a p < .05.
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endocannabinoid levels in chronic cannabis users have been
explained by the impact of externally administered cannabi-
noids that cause the ECS to adapt. In our study, we observed
that also more occasional use of cannabis is associated with
lower endocannabinoid levels. In our study individuals

with a diagnosis of cannabis use disorder or active users at
the time were excluded, which makes it less likely that adap-
tation of the ECS could explain the findings. An alternative
explanation could be that the difference between user and
non-user already existed before starting to use cannabis.

Figure 3. Correlation between pretreatment 2-AG levels and the pretreatment MASQ anxious arousal subscale (A) and correlations

between pretreatment 2-AG and pretreatment CAPS avoidance symptoms (B) in PTSD patients.

Figure 4. Correlation between posttreatment 2-AG levels and posttreatment trait anxiety (A), posttreatment MASQ general distress

depression (B) and posttreatment MASQ anxious arousal (C) PTSD patients.
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Future studies need to elucidate the association between
occasional use of cannabis and the ECS.

The exploratory correlation analysis between clinical symp-
toms and endocannabinoid levels indicated two moderate asso-
ciations with pretreatment 2-AG levels. Pretreatment
endocannabinoid levels in the PTSD group were positively
associated with pretreatment anxious arousal subscale of the
MASQ, and negatively correlated with the pretreatment avoid-
ance subscale of the CAPS. When focusing on posttreatment
levels, six moderate associations were revealed, namely three
with posttreatment 2-AG levels and three with posttreatment
AEA. Both 2-AG and AEA were positively associated with
trait anxiety, general distress depression and anxious arousal
as measured with the MASQ. Anxious arousal is characterized
by somatic symptoms (eg sweating, racing heart and muscle
tension) and exaggerated physiological responses to stressful
events.44,45 A study46 indicated that in patients with panic dis-
order 2-AG correlated with different measures of panic and
anxiety (bodily sensations and agoraphobic cognitions),
which is in line with our findings. This relationship has also
been confirmed by an animal study demonstrating a crucial
role for 2-AG and not AEA in panic symptoms.47 The negative
association between 2-AG and avoidance behavior is contrary

to a previous study that reported a positive correlation between
2-AG and avoidance behavior in PTSD patients.26 The positive
correlation with general depression symptoms is also contrary
to previous studies.48,49 Since these aforementioned findings
are a result of exploratory analysis, interpretation must be
with caution and future research is needed to elucidate the asso-
ciation between AEA, 2-AG and clinical symptomatology.

Our study has a couple of limitations that must be
addressed. Firstly, endocannabinoid levels were assessed
on single time points which makes the interpretation difficult
because of known impact of circadian rhythm on endocanna-
binoid levels.50 Although it must be noted that all blood
draws were taken place between 08:00–11:00 and differences
in endocannabinoid levels were previously found based on a
single time point.26–28 Furthermore, our study indicated that
overall, endocannabinoid levels remained stable over time.
Multiple time point and additional reactivity measures on
the ECS could contribute to our understanding of the ECS.
Secondly, in our study plasma levels were determined with
the enzyme-linked immunosorbent assay method (ELISA).
Most of the previous studies made use of chemical ionization
liquid chromatography/mass spectrometry (LC-APCI-MS) to
quantify AEA and 2-AG levels. Although they are both

Figure 5. Correlation between posttreatment AEA levels and posttreatment trait anxiety (A), posttreatment MASQ general distress

depression (B) and posttreatment MASQ anxious arousal (C) PTSD patients.
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reliable and valid methods in determining AEA and 2-AG
levels, ranges for these two approaches differ which can
make it difficult to compare results between these methods.
Thirdly, information about frequency and duration of canna-
bis use from the SCID-I interview was not documented.
Therefore, this study only allowed the distinction between
whether or not cannabis had been used before, and no
detailed information on frequency and duration of cannabis
use was available. Future studies in which the frequency
and duration of cannabis use is archived more precisely
may shed more light on how this is related to AEA and
2-AG levels. Lastly, our study consists of a male population
and findings may not be generalized. For example, women
generally show a higher CB1 receptor availability and
AEA levels already under basal conditions, which is also
confirmed in animal research.27 Additionally, our sample
consisted only of male participants which can also explain
why we did not replicate the results from earlier studies
which consisted of 50–80% females.14,26–28

Conclusion
Our study did not find indications that pretreatment endocan-
nabinoid levels are associated with either PTSD or treatment
outcome in PTSD patients. Furthermore, our findings
confirm earlier findings that cannabis use is associated with
reduced endocannabinoid levels. Lastly, pretreatment 2-AG
in PTSD was associated with pretreatment anxious arousal
and avoidance symptoms. Furthermore both posttreatment
2-AG and AEA was associated with posttreatment trait
anxiety, general distress depression and anxious arousal.
However, further research is needed to obtain more insights
in these relations. Since endocannabinoids are mainly gener-
ated ‘on demand’ future work will benefit from investigating
endocannabinoid circulation under both rest and stressful
conditions. This will lead to a better understanding about
how the ECS (dys)functions under stressful conditions and
during extinction therapy sessions.
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