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ABSTRACT

Background: The current paucity of clinical evidence limits the use of cannabis-based medicinal
products (CBMPs) in post-traumatic stress disorder (PTSD). This study investigates health-related quality
of life (HRQoL) changes and adverse events in patients prescribed CBMPs for PTSD.

Methods: A case-series of patients from the UK Medical Cannabis Registry was analyzed. HRQoL was
assessed at 1-, 3-, and 6-months using validated patient reported outcome measures (PROMs). Adverse
events were analyzed according to the Common Terminology Criteria for Adverse Events version 4.0.
Statistical significance was defined as p < 0.050.

Results: Of 162 included patients, 88.89% (n = 144) were current/previous cannabis users. Median daily
CBMP dosages were 5.00 (IQR: 0.00-70.00) mg of cannabidiol and 145.00 (IQR: 100.00-200.00) mg of
A9-tetrahydrocannabinol. Significant improvements were observed in PTSD symptoms, sleep, and
anxiety across all follow-up periods (p < 0.050). There were 220 (135.8%) adverse events reported by
33 patients (20.37%), with the majority graded mild or moderate in severity (n = 190, 117.28%).
Insomnia and fatigue had the greatest incidence (n = 20, 12.35%).

Conclusions: Associated improvements in HRQoL were observed in patients who initiated CBMP therapy.
Adverse events analysis suggests acceptability and safety up to 6 months. This study may inform randomized
placebo-controlled trials, required to confirm causality and determine optimal dosing.
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agitation may explain why SSRIs are poorly tolerated, since hyper-
arousal is a common symptom of PTSD [9]. Other pharmacological
options that have also been evaluated for the treatment of PTSD
include prazosin, an alpha-1 adrenoceptor antagonist [10], trazo-

1. Introduction

Post-traumatic stress disorder (PTSD) is a debilitating condition
defined by over 1T month of symptoms following trauma exposure,

causing significant distress or functional impairment [1]. According
to the Diagnostic and Statistical Manual of Mental Disorders (DSM-
5), symptoms are categorized into four subgroups of intrusions,
avoidance, altered mood, and altered reactivity [1]. These may
manifest as flashbacks, trigger avoidance, hyperarousal, depressive
symptoms, and nightmares. PTSD affects between 5% and 10% of
the population during their lifetimes [2] and is associated with
other psychiatric disorders and physical health conditions [3-5].
Hence, there is a high socio-economic cost owing to increased
reliance on health and social care, loss of productivity and impaired
leisure activities [6].

Management of PTSD involves a biopsychosocial approach,
with psychotherapy being the mainstay at present, although long-
term effectiveness remains unclear [7,8]. The data on pharma-
cotherapy suggest that selective serotonin reuptake inhibitors
(SSRIs) are not appropriate first-line agents if sustained long-term
symptom improvement is intended [7]. Side-effects such as

done, a serotonin receptor antagonist and reuptake inhibitor [11],
and agomelatine, a melatonin antagonist [12]. However, these
have demonstrated variable efficacy. As such, there is a need for
continued research into novel PTSD therapies that offer long-term
symptom relief and minimal side-effects.

Cannabis-based medicinal products (CBMPs) have been sug-
gested as a potential pharmacotherapeutic option to address this
need. Cannabis plants, such as Cannabis sativa, contain two major
phytocannabinoids:  cannabidiol  (CBD) and  (-)-trans
-A9-tetrahydrocannabinol (A9-THC), among other potentially
active pharmaceutical ingredients [13]. A9-THC is a partial agonist
of G-protein coupled receptors of the endocannabinoid system,
cannabinoid receptors 1 and 2 (CB1/CB2), whilst CBD is
a noncompetitive negative modulator of CB1 via allosteric binding
[14]. CBD also acts by inhibiting fatty acid binding proteins
required for cellular uptake of anandamide; this prevents the
breakdown of the endocannabinoid by fatty acid amino hydrolase
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[15]. CB1 receptors are concentrated in the central nervous system,
particularly the presynaptic terminals in the cerebellum, basal
ganglia, and hippocampus [16]. Agonism leads to the inhibition
of gamma-aminobutyric acid (GABA) and glutamate neurotrans-
mitter release [16]. This is one mechanism that mediates the
cognitive, emotional, memory, and psychoactive effects of
A9-THC [17].

Further effects of cannabinoids are mediated by non-CB1/2
targets such as peroxisome proliferator-activated receptors,
transient receptor potential vanilloid type 1 (TRPV1), and ser-
otonin (5-HT) receptors [18]. In vitro studies have shown that
CBD is a 5-HT3 negative allosteric modulator and indirectly
activates 5-HT1a receptors [19,20]. This may explain the anxio-
Iytic effects of CBD, since 5-HT1a receptors from the median
raphe nucleus can mediate fear extinction, whilst 5-HT3 recep-
tors have anxiogenic effects [21]. As a result, CBD can counter
the anxiogenic effects of the psychotomimetic component
A9-THC [22]. TRPV1 receptors are found in relevant brain
areas such as the dorsal periaqueductal gray matter, to facil-
itate anxiogenic responses via glutamate release [23]. CBD
activates and desensitizes these receptors, whilst indirectly
increasing levels of anandamide, which is also a TRPV1 agonist
[23]. These mechanisms have been demonstrated to reduce
learned fear expression and anxiety within in vivo models
given CBD [22,23].

The key neurobiological changes witnessed in PTSD include
structural synaptic enhancement in the amygdala during fear
consolidation, leading to hypothalamic—pituitary—adrenal axis
(HPA) stimulation via the paraventricular nucleus, and decreased
connectivity to the ventromedial prefrontal cortex (vmPFC) [18,24].
This leads to greater emotional memory expression and reduced
fear extinction to both threatening and non-threatening stimuli in
PTSD [25]. CBMPs may counter these changes as demonstrated by
preclinical evidence of enhanced amygdala-vmPFC connectivity
[26,27], increased fear extinction retention [28], and alleviated
PTSD sleep disturbances within in vitro and in vivo assessments
of their effects [18,29].

At present, available evidence on CBMPs and PTSD is con-
flicting and difficult to synthesize owing to the use of selective
cohorts, methodological heterogeneity, and underpowered
studies. Whilst certain studies have reported significantly
reduced PTSD symptom severity, improved sleep, and minimal
adverse events (AEs), these were often limited due to small
cohorts, short-term follow-up, and potential confounding from
other psychotropic drug use [29-31]. Conversely,
a longitudinal observational study of 2,276 veterans being
treated in specialized PTSD programs found medical cannabis
worsened violent behavior and substance use disorders [32].
Since excessive recreational cannabis consumption is shown
to be associated with impaired fear extinction and downregu-
lation of CB1 receptors, there is a need for long-term investi-
gation [33].

The UK Medical Cannabis Registry (UKMCR) collects pro-
spective data regarding outcome measures for patients receiv-
ing CBMP prescriptions in the UK. This paper analyzes the
patient-reported outcome measures (PROMs) and AE data of
PTSD patients prescribed CBMPs within the UKMCR, with the
aim of identifying effects on health-related quality of life
(HRQol) and safety of use.

2. Methods
2.1. Study design

This study reports a case-series of patients diagnosed with
PTSD, enrolled in the UKMCR. Patients provided written con-
sent upon registration into the UKMCR, prior to baseline data
collection. Formal ethical approval was not required for this
study following guidance from the Health Research Authority.
This paper is reported in line with strengthening the reporting
of observational studies in epidemiology guidelines for obser-
vational studies [34].

2.2. Setting and participants

The UKMCR is the first UK patient registry to prospectively collect
anonymized data regarding CBMP prescription formulations,
patient demographics, PROMs, and AEs [35]. It was created in
2019 and is privately managed by the Sapphire Medical Clinics
[35]. Participants are enrolled consecutively and asked to provide
informed consent. The only screening criterion is whether partici-
pants have been prescribed CBMPs. Patients from the UKMCR were
included in the analysis if PTSD was the primary indication for
CBMP treatment. Exclusion criteria extended to those with incom-
plete baseline PROMs data and those who had started treatment
less than 1-month prior to the date of data extraction and therefore
had not reached the first follow-up milestone. There were no
further exclusion criteria. The date of data extract from the
UKMCR was 15 February 2022.

2.3. Data collection

Patient demographics completed on registration included age,
gender, occupation, and body mass index (BMI). Data collected
by clinicians during the initial consultation included medical his-
tory covering comorbidities such as those within the Charlson
comorbidity index (CCl), and recreational and prescription drug
use. The CCl is a validated measure of both short- and long-term
mortality, widely used for identifying confounding due to comor-
bidities [36]. Scores 5 or above represent severe comorbidity,
associated with 85% 1-year mortality [36]. Further recorded comor-
bidities include hypertension, depression and/or anxiety, arthritis,
epilepsy, venous thromboembolism, and endocrine dysfunction.
Secondary and tertiary indications for CBMP treatment were also
recorded.

Recreational drug data included tobacco status, pack years,
alcohol units consumed per week, previous cannabis status, and
associated ‘gram years.” This metric was calculated from weekly
grams of cannabis and number of years of use, to assess the effects
of both quantity and duration, as previously described by our
group [35]. Patient prior cannabis exposure at the time of enroll-
ment was classified into three categories of ‘never used,’ ‘ex-user,’
and ‘current user.’ Prescription drug data recorded included total
daily dosage, start date, and, where relevant, end date; this allowed
for identification of dosage changes/discontinuation following
CBMP commencement.

This data was completed electronically by patients or contem-
poraneously by clinicians during initial clinical consultation. If
information was still outstanding following clinical encounter,



patients were contacted by members of the clinical and/or
research team to complete missing data fields. CBMP details
were recorded electronically from linked prescription data, detail-
ing the formulation, relative A9-THC and CBD doses, strains, and
route of administration. The dose of each CBMP was determined
by multiplication of the concentration (mg/ml or mg/g) and the
daily dose prescribed (ml/day or g/day). For both concentration
and daily dose, some prescriptions are given within a range (e.g.
190-210 mg/g for concentration and 0.25-0.75 g/day for dose).
Where present, the median value was taken (e.g. 200 mg/g and
0.50 g/day in the above example).

2.4. Outcome measures

Primary outcome measures analyzed were changes in PROMs
from baseline to 1-, 3- and 6-month follow-up. Secondary
outcomes were to analyze incidence of AEs and their
severities.

The PROMs administered to all patients with PTSD include
the Impact of Events Scale-Revised (IES-R), EQ-5D-5L, Single-
Item Sleep Quality Scale (SQS), Generalized Anxiety Disorder-7
(GAD-7) and Patient Global Impression of Change (PGIC).
Baseline questionnaire responses were recorded upon regis-
tration, with patients prompted to repeat surveys at follow-up
periods, with 72-hourly reminders. Responses were completed
using a remote electronic platform.

The IES-R is a 22-item questionnaire rating how distressing
post-trauma difficulties had been in the past week, on a scale
from 0 (not at all) to 4 (extremely). It is one of the most
commonly used traumatic stress self-reporting measures [37].
It has been validated for a range of trauma etiologies [38].
Questions relate to three key PTSD symptom groups — hyper-
arousal, avoidance, and intrusions. A score of 24-32 signifies
clinical concern for partial PTSD, 33 is considered the most
probable cutoff for PTSD diagnosis [37]. Scores above 37 are at
a severity that has demonstrated physiological effects, such as
inducing immunosuppression [39]. Both test-retest reliability
and internal consistency have been confirmed with scores of
0.89-0.94 and Cronbach's alpha = 0.95, respectively [40]. The
scale also scored highly for validity and ease of use in clinical
practice [38].

The EQ-5D-5L is the HRQoL measure recommended by the
National Institute for Health and Care Excellence (NICE) [41,42].
Patients report current problems experienced in five domains
on a scale ranging from ‘no problems’ (1) to ‘extreme pro-
blems’ (5). The domains consist of mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. Scores
form a unique five-digit health state that can be translated
into country-specific index values, wherein 1 represents per-
fect health, 0 represents HRQoL equivalent to death, and
scores below 0 signify HRQoL worse than death [42].
Intraclass correlation coefficients of 0.65-0.91 in a previous
analysis have demonstrated test-retest reliability of EQ-5D-5L
for patients with PTSD [43].

The SQS utilizes a numerical rating scale from 0 (terrible) to
10 (excellent), to aid patients in self-assessing sleep quality over
the past 7 days [44]. It benefits from more rapid sleep assess-
ment than other common and lengthy questionnaires, such as
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the Pittsburgh Sleep Quality Index, whilst also demonstrating
validity through strong correlations to these other scores [44].

GAD-7 evaluates seven aspects of generalized anxiety by
the number of days they were experienced in the past fort-
night. Each item is scored from 0 (‘not at all’) to 3 (‘nearly
every day’), forming a total out of 21. Severity is assessed
using cutoff scores at 5, 10, and 15, respectively, representing
mild, moderate, and severe GAD [45]. The GAD-7 Cronbach’s
value in a heterogeneous psychiatric sample ranged from
a = 0.83-0.93, and it has been validated for several anxiety
disorders, including PTSD [46].

The PGIC assesses perceived change since starting treat-
ment in terms of activity limitations, symptoms, emotions, and
overall quality of life, through two parts. The first (PGIC1) uses
a seven-point scale from 1 ('no change’) to 7 (‘a great deal
better’), whilst the second (PGIC2) is a visual analog scale from
0 ('much better’) to 10 (‘much worse’) [47]. This self-reported
measure has been shown to correlate well with the clinician-
administered version [48].

Adverse events data were recorded following the Common
Terminology Criteria for Adverse Events version 4.0 (CTCAE), to
allow comprehensive reporting and grading comparable to
other studies [49]. Severity is graded using unique clinical
descriptions specific to each AE. Patients are prompted to self-
report AEs remotely during completion of their PROMs.
Clinicians can also update any AEs reported during clinical
consultations.

2.5. Statistical analysis

All data were extracted from the UKMCR and the analysis was
completed using Statistical Package for Social Sciences (SPSS)
[IBM Statistics version 28 SPSS (New York, IL), USA]. Descriptive
statistics were used to analyze demographic variables, drug
and alcohol history, and frequency of adverse events reported.
Analysis of PROMs consisted of comparisons between baseline
data and PROMs at 1-, 3-, and 6-month follow-up. Sub-group
analyses were also conducted according to prior cannabis
exposure and gender. Initially, a Shapiro-Wilk test was used
to determine the normality of data sets. Parametric data were
analyzed using the student paired t-test, whilst the Wilcoxon
rank-sum test was used if non-parametric. Effect sizes (r) were
calculated for the Wilcoxon rank-sum test by dividing the
Z-value by the square root of the number of participants (n)
[50]. r values of 0.5, 0.3, and 0.1 indicate large, medium, and
small effect sizes as described by Coolican [50]. Mean change
in PROMs from baseline was compared between males and
females using the independent samples t-test. Statistical sig-
nificance was defined by p-values <0.050 and data were
reported as mean + standard deviation (+SD) or median and
interquartile range (IQR) if parametric or non-parametric,
respectively.

3. Results
3.1. Patient demographics

There were 162 patients identified from the UKMCR who met
the inclusion criteria. The cohort had a mean age of 37.62
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Table 1. Number of prescriptions within PTSD-related drug classes, with changes to prescriptions following commencement of CBMP treatment displayed.

Medication Total No Change Stopped Taking Reduced Dose Increased Dose New Medication
Antidepressants, n (%) 124 114 (91.94%) 10 (8.06%) 1 (0.81%) 3 (2.42%) 4 (3.23%)
Benzodiazepines, n (%) 28 27 (96.43%) 1 (3.57%) 0 (0.00%) 0 (0.00%) 1 (3.57%)
Insomnia-related, n (%) 14 14 (100.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

(£9.85) years with a greater proportion of males (n = 97,
59.88%). Median BMI was 25.50 (22.80-31.20) kg/m?. Half
(n = 81; 50.00%) of the cohort were unemployed, with 67
(41.36%) employed and 14 (8.64%) of unspecified employment
status. Median CC| score was 0.00 (0.00-0.00). The recorded
incidence of the six further comorbidities was anxiety/depres-
sion (n = 108, 66.67%), arthritis (n = 16, 9.88%), endocrine
dysfunction (n = 7, 4.47%), epilepsy (n = 3, 1.85%), hyperten-
sion (n = 7, 432%), and venous thromboembolism
(n =0, 0.00%).

Seventy-one (43.83%) patients had a secondary indication
for CBMP prescription, of which anxiety was the most com-
mon (n = 39, 24.07%), as shown in Supplementary Table 1.
Tertiary indications were present for 42 (25.93%) participants
and largely consisted of depression (n = 18, 11.11%) and
insomnia (n = 10, 6.17%).

Details of prior tobacco, alcohol, and cannabis consump-
tion were recorded. Tobacco history was recorded for 125
(77.16%) patients, of whom 65 (40.12%) were current smokers,
60 (37.04%) were ex-smokers and 37 (22.84%) had never
smoked. Median pack years of all smokers was 10.00 (4.00-
19.50). With respect to alcohol consumption, the majority of
the participants did not consume alcohol (n = 103, 63.58%),
whilst 35.19% (n = 57) and 1.23% (n = 2) reported that they
consumed alcohol or did not report their alcohol status,
respectively. Median alcohol consumption per week was 0.00
(0.00-2.00) units. Most patients (n = 122, 75.31%) were current
cannabis consumers at the point of starting treatment, whilst
13.58% (n = 22) were ex-users and 11.11% (n = 18) were
cannabis naive. Among current users, median cannabis gram
years were 10.00 (2.43-25.00) and most patients were daily
users (n = 103, 63.58%). The remaining patients reported use
every other day (n = 10, 6.17%), 1-2 times per week (n = 7,
4.32%) and more or less than once per month (both
n =1, 0.62%).

3.2. Prescription data

Data on current prescriptions were available for 147 (90.74%)
patients. There were 411 active CBMP prescriptions in total,
with a median of 2.00 (2.00-3.00) prescriptions per patient.
The most common CBMP therapies for oils were Adven 20
THC and Adven 50 CBD, and for flower was Adven EMT1 19%
THC (Curaleaf International, Guernsey, UK). At the point of
data extraction, median total daily dosages were 5.00 (0.00-
70.00) mg of CBD and 145 (100.00-200.00) mg of A9-THC.
Eighty patients (49.38%) used only flower inhaled by
a vaporizer device. The remaining either administered via
oral/sublingual use only (n = 19, 11.73%), or a combination
of oral/sublingual preparations and inhaled flower (n = 48,
29.63%). For the latter using both oils and dried flower, med-
ian daily doses for oils were 45.00 (0.00-100.00) mg of CBD

and 14.00 (10.00-20.00) mg of A9-THC and median daily doses
for dried flower were 2.00 (0.00-5.00) mg of CBD and 137.50
(100.00-200.00) mg of A9-THC.

Regarding other prescribed medications, there were 424
active prescriptions, covering 147 different medications, for
118 patients (72.84%). Details of benzodiazepine, antidepres-
sant, and insomnia-related prescriptions are displayed in
Table 1. The most common medications included sertraline
(n = 26, 16.05%), diazepam (n = 20, 12.35%) and quetiapine
(n = 20, 12.35%). Following CBMP treatment, 10 (8.06%)
patients previously prescribed antidepressants and 1 (3.57%)
patient prescribed a benzodiazepine discontinued these
medications.

3.3. Health-related quality of life

Analysis of paired baseline and follow-up PROMs is displayed
in Table 2. Statistically significant improvements were seen in
all domains of the IES-R, and both GAD7 and SQS, at all
lengths of follow-up (p < 0.050). The EQ-5D-5L index score
and both ‘usual activities’ and ‘anxiety and/or depression’
subscales also improved significantly at all follow-ups
(p < 0.050). Significant improvements in the ‘self-care’ and
‘pain and discomfort’ subscales were seen at 1- and 3-month
follow-up and the ‘mobility’ subscale at 3-months only
(p < 0.050). There was a large effect size (r = 0.50) for the
IES-R hyperarousal score at 3-month follow-up. All other IES-R
and GAD7 scores had medium effect sizes. PGIC1 median
scores were consistently 6.00 (5.00-6.00) at 1-, 3-, and
6-month follow-up, whilst median PGIC2 was 3.00 (2.00-3.00)
at 1- and 3-month follow-up, and 2 (1.00-3.00) at 6-months
(n = 128, 93, and 51 respectively).

Subgroup analysis of changes in the IES-R subscales and
total score according to baseline cannabis status is displayed
in Supplementary Table 2. Reductions in IES-R scores were
demonstrated at all follow-up periods for the ‘current user’
group (p < 0.001), and at up to 6-month follow-up for the ‘ex-
user’ group (p < 0.050). No significant improvements were
seen in |ES-R for the ‘never used’ group. Comparison in change
in PROMs between the genders demonstrated a significant
difference in only the SQS score at 3-month follow-up, where
males had greater improvement (p = 0.037). Full details of
gender subgroup analysis are displayed in Supplementary
Table 3.

3.4. Adverse events

A total of 220 (135.80%) AEs were reported by 33 patients
(20.37%) across 38 categories displayed in Table 3. The major-
ity of AEs were either mild (n = 100, 61.73%) or moderate
(n =90, 55.56%) in severity, with no life-threatening/disabling
events reported. Insomnia and fatigue both had the highest
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Table 2. Change in PROMs from baseline to follow-up at 1-, 3-, and 6-months. Reported as median (IQR) *p < 0.050, **p < 0.010, ***p < 0.001.

Z-
PROM Followup month n  Baseline Score median (IQR) Follow-up Score median (IQR) p-value T-test statistic score Effect size (r)
IES-R 1-month 127 19.00 (14.00-23.00) 16.00 (11.00-20.00) <0.007*** 5386.00 —4.82 —-0.30
Avoidance 3-months 88 18.00 (14.00-22.00) 11.50 (6.25-17.00) <0.0071*** 2976.00 —5.60 —0.42
6-months 45 18.00 (13.50-21.00) 12.00 (7.00-16.50) <0.0071*** 662.00 -3.80 —0.40
IES-R 1-month 127 23.00 (18.00-27.00) 15.00 (10.00-22.00) <0.007*** 6111.00 —6.74 —-0.42
Intrusions 3-months 88 22.50 (17.00-26.75) 13.00 (6.25-19.00) <0.007*** 3219.50 —6.40 —0.48
6-months 45 19.00 (12.00-23.50) 11.00 (5.00-17.00) <0.007*** 845.00 —4.49 —-0.47
IES-R 1-month 127 18.00 (14.00-21.00) 12.00 (8.00-16.00) <0.0071*** 6422.00 —7.07 —0.44
Hyperarousal 3-months 88 18.00 (12.00-20.00) 10.00 (5.25-15.00) <0.007*** 3200.50 —6.62 -0.50
6-months 45 16.00 (9.50-19.00) 8.00 (5.00-14.00) <0.007*** 778.00 —4.10 —0.43
IES-R 1-month 127 59.00 (49.00-68.00) 44.00 (30.00-57.00) <0.0071*** 6775.50 —6.76 -0.42
Total Score 3-months 88 58.00 (43.50-65.00) 34.00 (18.50-50.00) <0.007*** 3317.00 —6.53 -0.49
6-months 45 56.00 (37.00-62.50) 32.00 (20.50-48.50) <0.007*** 914.50 —4.48 —-0.47
EQ-5D-5L 1-month 133 1.00 (1.00-3.00) 1.00 (1.00-2.00) 0.300 507.50 -1.04 —0.06
Mobility 3-months 94 1.00 (1.00-3.00) 1.00 (1.00-2.00) 0.009** 275.00 -2.61 -0.19
6-months 51 1.00 (1.00-2.00) 1.00 (1.00-2.00) 0.134 75.00 -1.50 -0.15
EQ-5D-5L 1-month 133 3.00 (2.00-4.00) 2.00 (1.50-3.00) <0.007*** 2802.00 -5.03 -0.31
Usual Activities 3-months 94 3.00 (2.00-3.00) 2.00 (1.00-3.00) <0.007*** 1695.00 —491 —-0.36
6-months 50 3.00 (1.00-3.00) 2.00 (1.00-2.25) 0.012* 369.00 —2.52 -0.25
EQ-5D-5L 1-month 133 2.00 (1.00-3.00) 2.00 (1.00-2.00) 0.044* 892.00 —-2.02 -0.12
Self Care 3-months 94 2.00 (1.00-3.00) 1.00 (1.00-2.00) 0.017* 429.50 —2.39 -0.17
6-months 50 1.00 (1.00-2.00) 1.00 (1.00-2.00) 0.334 50.50 -0.97 -0.10
EQ-5D-5L 1-month 133 3.00 (1.00-3.00) 2.00 (1.00-3.00) <0.007*** 1594.00 —3.40 —0.21
Pain and Discomfort 3-months 94 2.00 (1.00-3.00) 2.00 (1.00-3.00) <0.007*** 933.00 —-3.80 —-0.28
6-months 50 2.00 (1.00-3.00) 2.00 (1.00-3.00) 0.584 168.50 —0.55 -0.05
EQ-5D-5L 1-month 133 4.00 (3.00-4.00) 3.00 (2.00-4.00) <0.007*** 3433.00 —6.05 -0.37
Anxiety and Depression 3-months 94 3.00 (3.00-4.00) 2.50 (2.00-3.00) <0.007*** 1841.00 -5.17 -0.38
6-months 50 3.00 (2.00-4.00) 3.00 (2.00-3.00) 0.003** 464.00 —2.93 -0.29
EQ-5D-5L 1-month 133 0.42 (0.21-0.66) 0.59 (0.41-0.74) <0.007*** 6014.00 —6.01 —0.37
Index Value 3-months 94 0.51 (0.25-0.72) 0.71 (0.51-0.77) <0.007*** 3298.00 —5.58 -0.41
6-months 50 0.59 (0.35-0.81) 0.69 (0.54-0.77) 0.024* 807.50 -2.25 —-0.23
GAD7 1-month 133 15.00 (11.50-19.00) 8.00 (5.00-13.50) <0.007*** 6773.50 —7.73 —0.47
3-months 94 15.00 (8.75-18.00) 7.00 (4.00-11.00) <0.007*** 3364.50 —6.74 —-0.49
6-months 50 13.50 (6.00-18.00) 7.00 (4.00-9.25) <0.0071*** 965.50 —4.25 —0.43
SQs 1-month 133 3.00 (2.00-5.00) 6.00 (3.00-7.00) <0.007*** 5720.50 —6.69 -0.41
3-months 94 3.50 (2.00-5.00) 5.00 (4.00-7.25) <0.007*** 2561.00 =5.10 -0.37
6-months 50 4.00 (2.75-6.00) 6.00 (4.00-7.00) 0.037* 730.50 -2.09 -0.21

incidence among AEs (n = 20, 12.35%), followed by headache
(n = 15; 9.26%), dry mouth (n = 15; 9.26%), and concentration
impairment (n = 14; 8.64%). Median duration of AEs, where
calculated, ranged from 1.00 to 10.50 days, with one case of
severe paranoia lasting 75 days.

4. Discussion

This observational study found an association between initiation of
CBMPs by patients with PTSD and improvements in PROMs admi-
nistered from baseline to 3-month follow-up. PROMs covered
several domains including specific PTSD symptom groups (intru-
sions, avoidance, hyperarousal), HRQoL, sleep quality, and anxiety.
Further significant improvement at 6-month follow-up was
demonstrated for all IES-R subscales, GAD7, SQS, and EQ-5D-5L
index value scores (p < 0.050). AEs were reported by 20.37% of the
cohort and were mainly mild or moderate, with insomnia and
fatigue the most incident. No life-threatening/disabling AEs were
reported.

Improvement in PTSD symptoms across follow-up was demon-
strated by the validated [ES-R (p < 0.050). At 3- and 6-month follow-
up, IES-R total scores neared the 33-point threshold for PTSD
diagnosis, compared to baseline scores above 50. This aligns with
previously published findings. One retrospective study found over
75% reduction in clinician-assessed PTSD burden, with notable

improvements in avoidance, hyperarousal, and reexperiencing
criteria [51]. Cahill et al. demonstrated similar improvements in
PTSD symptoms after 6-week CBMP treatment [52]. However,
whilst 81.25% self-reported improvement, 18.75% of patients
experienced deterioration, indicating greater variability in
response to CBMP treatment [52]. Such variation could affect
cohorts with greater proportions of cannabis-naive participants
compared to our present study population, wherein 88.89% were
current/previous cannabis users at baseline. On sub-group analy-
sis, it was shown that the current/ex-user patients continued to
report improved outcomes compared to baseline (p < 0.050), sug-
gesting that there are supplementary benefits of CBMPs with
respect to therapeutic efficacy above illicitly obtained cannabis
and that these effects are not negated by pharmacological toler-
ance. Conversely, LaFrance et al. reported up to 67% short-term
PTSD symptom reduction with cannabis self-medication, but no
sustained long-term benefit [53]. Patients required increasing
guantities of cannabis to achieve symptom relief, suggesting tol-
erance to its effects [53]. Potential reasons for contrasting results
include methodological heterogeneity such as outcome measure
timing, irreqular patterns of use due to self-medication, patient
self-identification with PTSD without verification of diagnosis, and
single-item questions instead of validated PROM scales. Further
evaluation of change in CBMP doses over time and correlation with
clinical outcomes will be required to answer this question.
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Table 3. Incidence of all adverse events (AE) reported by patients (n = 33), classed by severity groups of mild, moderate, severe, and life-threatening/disabling (LT/
D). Total values are reported as incidence n (%). Average duration of each AE is reported as median (IQR).

Adverse Events Mild Moderate Severe LT/D Total n(%) Median Duration, days
Abdominal pain (upper) - 1 - - 1 (0.62%) 5.00
Amnesia 3 2 - - 5 (3.09%) 7.00 (5.00-11.00)
Anorexia 1 4 1 - 6 (3.70%) 7.00 (4.50-90.00)
Anxiety 2 1 2 - 5 (3.09%) 7.00 (1.00-42.00)
Arthritis - - 1 - 1 (0.62%) 7.00
Ataxia 3 1 - - 4 (2.47%) 4.50 (2.00-7.00)
Blurred vision 3 1 - - 4 (2.47%) 2.00 (1.25-5.75)
Cognitive Disturbance 3 2 2 - 7 (4.32%) 7.00 (7.00-14.00)
Confusion 3 3 1 - 7 (4.32%) 7.00 (1.00-7.00)
Concentration impairment 8 4 2 - 14 (8.64%) 6.00 (3.00-7.00)
Constipation 2 - - - 2 (1.23%) 2.50
Delirium 2 1 - - 3 (1.85%) 7.00
Decreased Weight 6 2 - - 8 (4.94%) 9.00 (3.25-49.75)
Diarrhea 1 - - - 1 (0.62%) 2.00
Distorted thoughts - 1 - - 1 (0.62%) 1.00
Dizziness 2 4 2 - 8 (4.94%) 2.00 (1.00-7.00)
Dry mouth 14 - - - 14 (8.64%) 7.00 (3.75-15.50)
Dysgeusia 2 - 1 - 3 (1.85%) 30.00
Dyspepsia 4 - - - 4 (2.47%) 1.00 (1.00-5.50)
Fatigue 8 10 2 - 20 (12.35%) 5.00 (3.00-7.00)
Headache 8 6 1 - 15 (9.26%) 4.00 (1.00-7.00)
Insomnia 3 10 7 - 20 (12.35%) 6.00 (4.25-10.00)
Intrusive thoughts 1 - - - 1 (0.62%) 0.00
Irritability - 2 - - 2 (1.23%) 3.50
Lethargy 8 5 - - 13 (8.02%) 7.00 (4.00-9.50)
Muscular Weakness 3 1 1 - 5 (3.09%) 2.00 (1.50-5.50)
Nausea 3 5 1 - 9 (5.56%) 6.00 (2.50-8.50)
Nightmares - - 2 - 2 (1.23%) 5.00
Paranoia - - 1 - 1 (0.62%) 75.00
Pharyngitis - 4 - - 4 (2.47%) 10.50 (2.00-49.75)
Pyrexia 1 - - - 1 (0.62%) 1.00
Rash 1 1 - - 2 (1.23%) 17.50
Respiratory Infection - 1 - - 1 (0.62%) 7.00
Somnolence - 12 1 - 13 (8.02%) 4,00 (3.50-7.00)
Spasticity 2 - - - 2 (1.23%) 2.50
Tremor 2 2 - - 4 (247%) 5.50 (3.25-16.00)
Vertigo 1 3 1 - 5 (3.09%) 2.00 (1.00-33.50)
Vomiting - 1 1 - 2 (1.23%) 3.50
Total 100 20 30 0 220

(61.73%) (55.56%) (18.52%) (0.00%) (135.80%)

During this study, patients were prescribed regimens with
higher A9-THC doses compared to CBD. Previous studies have
suggested that higher proportions of A9-THC:CBD regimens result
in optimum PTSD outcomes [52,54,55]. Rabinak et al. conducted
a randomized controlled trial (RCT) wherein A9-THC administration
reduced threat-responses and emotional expression, by increasing
amygdala-vmPFC connectivity [56]. This may explain the prefer-
ence toward higher A9-THC ratio preparations, though multi-arm
RCTs are required to confirm the optimal dose and route of admin-
istration of CBMPs in PTSD. Sub-group analysis by gender revealed
no significant differences in PROMs improvement. This aligns with
analysis from Bolsoni et al, demonstrating no difference in
responses of PTSD patients to trauma recall following CBD admin-
istration [57]. Whilst some pre-clinical studies have reported sex
differences in anti-depressant effects of CBD and there are known
neurobiological sex-differences in PTSD, there is little clinical evi-
dence at present [58]. The use of gender rather than sex in this
study, however, could limit analysis with respect to sex-differences.

Anxiolytic effects were suggested through improvements
in both the GAD-7 and EQ-5D-5L ‘anxiety and depression’
subscale (p < 0.050). This is in line with previous analyses of
all patients, and those with GAD, in the UKMCR [35,59].

Reductions in GAD-7 scores represent changes in symptom
burden from ‘severe’ to ‘mild’ GAD. In this way, the diverse
targets of CBMPs may be particularly beneficial in PTSD
patients with co-existing anxiety, since anxiety was a non-
primary indication for 27.16% and a recorded comorbidity
for 66.67% of the cohort. These findings are corroborated by
a case series of CBD use for anxiety/sleep disorders [60], and
an observational study reporting significantly greater anxiety
reduction in medicinal cannabis users over control ‘non-users’
at 3-month follow-up (p < 0.001) [61]. Studies specifically
regarding PTSD mirror these improvements [52,54,62].
Anxiolytic effects of CBMPs have been explained by the afore-
mentioned prevention of anandamide hydrolysis by CBD, as
well as agonism at serotonin-1a and transient receptor poten-
tial vanilloid type 1 receptors in pertinent brain regions such
as the median raphe nucleus and dorsal periaqueductal gray
matter, respectively, [15-18]. Contrastingly, a secondary ana-
lysis of cannabis use disorder highlighted significant improve-
ment in anxiety and depression with cannabis use reduction
(p < 0.050) [63]. Whilst CBMPs differ from recreational canna-
bis in their often-lower A9-THC concentrations, regulated com-
position, and reduced variability [64], and there are inherent



differences between patients with cannabis use disorder,
further investigation is required to assess the therapeutic
window for CBMPs prescribed for PTSD.

Reductions in symptom burden, reflected by EQ-5D-5L
index values (p < 0.050), corroborate HRQoL improvements
from other analyses of the UKMCR [35,59], and a similar
Canadian registry analysis [52]. Le et al. determined the mini-
mal clinically important difference in EQ-5D-5L index values
for PTSD to range from 0.03 to 0.05 [65]. As such, calculated
median increases of 0.10-0.20 represent important patient
HRQoL benefit. Improved ‘usual activities’ subscale scores cor-
roborate a reported 59% reduction in social and family life
impacts for military and police veterans [66]. Benefits to both
patients and their partners, outlined by a qualitative focus
group study, further exemplify this broad impact on HRQoL
[67]. Both studies also highlight medication reductions as
meaningful patient outcomes. This is evidenced herein by
high PGIC scores and 8.87% of patients prescribed antidepres-
sants either discontinuing or reducing dosage. Regarding ‘pain
and discomfort’ subscale improvements, clinical data suggest
comorbid chronic pain affects up to 80% of PTSD patients
owing to similar neurobiological vulnerabilities and mutual
maintenance underpinning the two [68,69]. Alongside existing
evidence indicating CBMP utility in chronic pain, this may
provide a further indication for medical cannabis in PTSD
[29,52,61,62,66]. Subgroup analysis of those with comorbid
chronic pain could elucidate any particular benefit from
CBMP therapy.

Regarding sleep quality, significant improvements across fol-
low-ups (p < 0.050) add to the existing body of research demon-
strating beneficial associations of CBMPs with sleep quality [31],
insomnia [29] and nightmares [70,71]in PTSD. These fall within the
core PTSD symptoms of hyperarousal and intrusions, and as such,
is a clinically relevant finding in most patients [72]. Effective treat-
ment is paramount since sleep quality has been identified as both
a predicting factor for PTSD development and a perpetuating
factor that impacts overall outcomes [72]. This has been linked to
two main theorized mechanisms. One relates nightmares to
increased waking due to respiratory disturbances and aberrant
limb movements [72,73]. The second implicates memory proces-
sing in the hippocampus and cerebral cortex during sleep; fearful
memories may be continuously reactivated and preferentially con-
solidated due to the neuroendocrine and inflammatory responses
elicited [72,73]. CBMPs could be effective in countering both
mechanisms, via suppression of wakeful phenomena, and promo-
tion of extinction learning through impaired aversive memories
retrieval [73]. However, cannabinoid effects on sleep are complex.
Nicholson et al. suggested that A9-THC alone does not affect
polysomnography and led to greater morning sleepiness, but in
combination with CBD, caused fewer awakenings [74]. Assessment
of wakefulness suggested that A9-THC had sedating effects and
CBD alerting effects [74]. However, this placebo-controlled trial
involved eight healthy individuals, so the small sample size and
population background may limit application to PTSD pathology.
Therefore, optimal dosage to alleviate sleep disturbance in PTSD,
while balancing sedative and alerting effects must be determined.

The need to identify the optimal dosage is exemplified further
when examining AE incidence. Largely mild or moderate severity
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AEs were reported with resolution within 10.50 days, suggesting
safety of use. The AE incidence of 135.80% was greater than the
57.94% reported in a prior study by Cahill et al., though in both
studies, the same proportion (20%) of patients reported AEs [52].
This may be partially explained by protocol differences as patients
were asked to select a side effect they had experienced from a pre-
determined list of 17, not allowing for a broad range of adverse
events, such as those reported by participants in the present study.
The frequency and types of AEs are comparable to other studies
wherein sedation/sleepiness and dry mouth were the most com-
mon [29,52]. As aforementioned, this could be a consequence of
high A9-THC contents, which exert sedating effects [74]. Tolerance
to A9-THC effects following chronic use has been suggested to
cause insomnia, though longer-term analysis is required to evalu-
ate risks/incidence of tolerance [75]. Moreover, insomnia is
a common sequalae of PTSD and therefore may be misattributed
as an AE, rather than secondary to the underlying disease.

In contrast to the present study, Bonn-Miller et al. reported
a higher frequency of patients experiencing AEs (60.8-61.7%),
consisting mainly of cough, throat irritation, and anxiety [54].
The lack of such bronchopulmonary AEs in this study, despite
79.01% of patients using vaporizer devices, may relate to the
different compositions of vaporized and smoked cannabis
[76]. A large proportion of patients with previous cannabis
exposure may have developed tolerance to some AEs, or
found these more acceptable. However, these AEs could affect
the acceptability of treatment if extended to a cannabis-naive
cohort. Interestingly, Jetly et al. found a higher proportion of
patients experienced AEs when receiving placebo compared
to the synthetic cannabinoid nabilone, drawing into question
whether all reported AEs are treatment-related, though this
would only cause an overestimation of AEs [71]. As such, AEs
analyzed suggest safety and acceptability, though confirma-
tion through larger RCTs with extended follow-up is necessary.

Limitations should be considered when interpreting findings.
Firstly, the observational study design prevents causality determi-
nation owing to the lack of placebo control and blinding, which
increase reporting bias due to the subjective nature of PROMs [54].
Cannabis exerts greater placebo effects due to societal impres-
sions, shown to affect previous users most due to the expectancy
of effect, highlighting the need for placebo-controlled trials [77].
However, effective blinding in CBMP research can be difficult to
achieve, and observational studies provide cost-effective, real-
world evidence to support confirmation through future RCTs
[78]. Secondly, whilst biometric and socioeconomic demographics
were similar to national PTSD surveys [79], the cohort was not
generalizable due to selection bias evident in the proportion of
previous/current cannabis users. This increases the likelihood of
overstated benefits and underrepresentation of AEs, as reflected in
the subgroup analysis of IES-R changes by cannabis status [80].
Finally, a follow-up beyond 6-months was not possible due to
limited PROMs data. The decreased sample size at consecutive
follow-ups represents both fewer patients having completed
longer-term treatment, and loss to follow-up. Moreover, the lim-
ited availability of CBD and THC dose at each follow-up time period
limits the analysis further. This is especially true of analyzing the
effects of cannabis-naive populations, for which only five patients
had completed 6-months of follow-up. The resulting attrition bias
could have predisposed toward positive findings.
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5. Conclusion

This observational study suggests an association between
CBMP treatment and improvement in PTSD-specific, HRQoL,
sleep, and anxiety outcomes at up to 6-month follow-up
(p < 0.050). Treatment safety assessed via AE incidence
demonstrated minimal severity and no life-threatening events,
in line with evidence from similar patient cohorts. Alongside
positive changes in PROMs, this suggests CBMPs were well-
tolerated and adverse events manageable. Moreover, patients
with previous exposure to cannabis continue to benefit after
initiating treatment with CBMPs. However, owing to limita-
tions discussed in this study, definitive conclusions on efficacy
or causality are limited and results should be interpreted
considering the subjectivity of PROMs. Nevertheless, this
study can serve to inform future randomized placebo-
controlled trials with the aim of confirming these promising
effects, whilst informing current clinical practice. Future work
should also focus on including objective measures, determin-
ing optimal dosages and conducting comparisons to existing
treatments to better inform prescribing of add-on or sole
CBMP therapy.
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