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Background
Cannabis-based medicinal products (CBMPs) are increasingly
being used to treat post-traumatic stress disorder (PTSD), despite
limited evidence of their efficacy. PTSD is often comorbid with
major depression, and little is known about whether comorbid
depression alters the effectiveness of CBMPs.

Aims
To document the prevalence of depression among individuals
seeking CBMPs to treat PTSD and to examine whether the
effectiveness of CBMPs varies by depression status.

Method
Data were available for 238 people with PTSD seeking CBMP
treatment (5.9% of the treatment-seeking sample) and 3-month
follow-up data were available for 116 of these. Self-reported
PTSD symptoms were assessed at treatment entry and at
3-month follow-up using the PTSD Checklist – Civilian Version
(PCL-C). The probable presence of comorbid depression at
treatment entry was assessed using the nine-item Patient Health
Questionnaire (PHQ-9). Additional data included sociodemo-
graphic characteristics and self-reported quality of life.

Results
In total, 77% met screening criteria for depression, which was
associated with higher levels of PTSD symptomatology (mean

67.8 v. 48.4, F(1,236) = 118.5, P < 0.001) and poorer general health,
quality of life and sleep. PTSD symptomatology reduced sub-
stantially 3 months after commencing treatment (mean 58.0 v.
47.0, F(1,112) = 14.5, P < 0.001), with a significant interaction
(F(1,112) = 6.2, P < 0.05) indicating greater improvement in those
with depression (mean difference 15.3) than in those without
(mean difference 7).

Conclusions
Depression is common among individuals seeking CBMPs to
treat PTSD and is associated with greater symptom severity and
poorer quality of life. Effectiveness of CBMPs for treating PTSD
does not appear to be impaired in people with comorbid
depression.
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Cannabis-based medicinal products (CBMPs) are increasingly
available internationally and are utilised for a range of chronic con-
ditions, including chronic pain and anxiety disorders.1,2 One diag-
nosis which is among the more common reasons for seeking
medicinal cannabis is post-traumatic stress disorder (PTSD).1,3,6

For example, Sznitman6 reported a steady increase in the percentage
of medical cannabis licenses that were issued to treat PTSD in Israel:
by 2018, this represented the third highest target indication for
receiving a medical cannabis license, accounting for 10.3% of all
licenses granted. In a large US-based sample (>60 000) of medicinal
cannabis users, Mahabir et al5 reported that PTSD was the third
most common primary medical condition (8.4% of all patients).
Similarly, we previously reported that PTSD was the third most
common condition (6.1% of patients) reported by UK medical can-
nabis patients in our Project Twenty21 initiative1 (see below).

Medical cannabis: ingredients and mechanism of action

There are numerous lines of evidence supporting the potential of
CBMPs for treating PTSD, including preclinical evidence suggesting
mechanisms that may explain benefits of prescribed cannabis.7,8

The main functional ingredients of medical cannabis are delta-9-
tetrahydrocannabinol (THC) and cannabidiol (CBD). The former
is responsible for the psychoactive effects (colloquially referred to
as ‘stoned’) of recreational cannabis, but THC also has powerful
analgesic effects9 that are likely mediated via stimulation of canna-
binoid 1 (CB1) receptors on glutamate neurons. Trauma-related
disorders such as PTSD can be considered as disorders of the

endogenous (endocannabinoid) systems that also work through
CB1 receptors. Such a deficit might be to some extent rectified by
exogenous THC, which in addition also improves sleep10 so can
reduce the disruption and distress of nightmares. CBD is itself
anxiolytic11 and has powerful anti-epilepsy effects which presumably
relate to reducing central glutamate excitability, something that is
likely to be enhanced in cases of PTSD with flashbacks and night-
mares. Although it is not yet understood what the mediating brain
mechanisms of CBD are, they may involve increased production of
endocannabinoids that have homeostatic or adaptogenic function.12

Evidence base for use in PTSD

Given the increasing adoption of CBMPs as a treatment for PTSD
there have been surprisingly few clinical trials on the efficacy of
CBMPs for this indication. Several comprehensive and influential
systematic reviews13 have been able to identify only one randomised
controlled trial (RCT) of CBMPs for PTSD and, although this
showed promising effects of nabilone in improving global function-
ing and reducing nightmare frequency, it was based on only 10
(male) participants and did not include any assessment of PTSD
symptomatology.14 Since then, one further RCT of smoked canna-
bis which employed a cross-over design reported that although dif-
ferent cannabis preparations were well tolerated and were associated
with improvements in symptomatology, the level of improvement
was no greater than that experienced when using placebo.15 Thus,
there is little, if any evidence from clinical trials to support the use
of CBMPs to treat PTSD.
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Nonetheless, real-world studies capitalising on the widespread
use of medicinal cannabis to treat PTSD have reported promising
results: in our own Project Twenty21 registry study1 we reported
that, after 3 months, there had been a substantial reduction in
symptoms of PTSD (estimated effect size, Cohen’s d = 0.69; 95%
CI 0.42–0.95) assessed using the PTSD Checklist – Civilian
Version (PCL-C).16 Similarly, Pillai et al17 reported reductions in
PTSD symptomatology after commencing CBMP treatment, with
effects sizes at 1, 3 and 6 months varying between 0.30 and 0.50
for the avoidance, intrusion and hyperarousal subscales of the
Impact of Event Scale – Revised (IES-R), as well as for the total
IES-R score.18 Nacasch et al19 also reported positive effects of
CBMPs for people with PTSD, albeit in a smaller sample.

Given promising preliminary findings about the potential utility
of CBMPs for PTSD and their growing use for this indication
despite a relative lack of high-quality empirical research testing
their efficacy and effectiveness, there is a need for more research,
including both trials and real-world studies, of the effects of these
drugs. Although RCTs are typically considered the gold standard
of medical evidence20 they are not without shortcomings:21 they
can be prohibitively expensive and are typically based on relatively
small sample sizes with brief periods of treatment. Further, they typ-
ically apply extensive exclusion criteria, an approach that may
threaten the external validity of findings from these trials.20

Specifically, it is common practice for trials focusing on a specific
condition to exclude individuals with comorbid psychiatric or
other health conditions.22,23

However, epidemiological research has consistently shown that
there are high levels of comorbidity between PTSD andmajor depres-
sive disorder (among other disorders), with estimates typically sug-
gesting that a minimum of half those with PTSD will also meet
criteria for major depressive disorder, and these rates are likely to be
even higher in treatment-seeking samples.24 If future trials exclude
patients with major depressive disorder they may inadvertently
study a sample of people unrepresentative of those seeking treatment,
with the consequence that their results may not be representative of
treatment effects that would be obtained in the real world.

The current study

Given this background we documented the prevalence of depressed
mood in a sample of people seeking CBMPs for the treatment of
PTSD, compared characteristics of those with and without
comorbid depressed mood and examined whether 3-month out-
comes varied between the two groups. These issues are examined
using data from Project Twenty21 (T21), a large ongoing registry
of people seeking CBMPs privately in the UK.

Method

Project Twenty21

Launched in August 2020, Project Twenty21 (T21) seeks to develop
real-world evidence on the effectiveness and safety of medical can-
nabis.1,2,25 T21 is a multi-centre, prospective, observational patient
registry of real-world data that includes data from patients in the
UK receiving medical cannabis for a variety of conditions. Patients
entered into the registry are followed up at 3-monthly intervals.

Recruitment strategy and consent

An individuals must have an established diagnosis and evidence of
failure of at least two treatment approaches before being eligible to
legally receive prescribed CBMPs in the UK. Only specialist medical
practitioners can prescribe CBMPs but patients can self-refer to a
prescribing physician.

Patients making an appointment at one of the clinics affiliated
with T21 were invited to participate in the registry. There were no
inclusion or exclusion criteria specifically for participation in the
registry: decisions about the suitability of CBMPs for a specific indi-
vidual were entirely the responsibility of the treating physician. All
individuals agreeing to participate in the registry provided written
consent.

Prescribers partnering with T21 have access to a formulary that
contains a range of CBMPs, including oils and flower of differing
CBD and THC concentrations. However, there are no restrictions
on what products can be prescribed and products from outside
the formulary are also prescribed.

Between the start of the project (August 2020) and 1 November
2023 a total of 4036 individuals had contributed data to T21. During
the first phase of the project, patients were recruited only if they
were seeking treatment for any of eight categories of primary con-
dition: anxiety disorders, chronic pain, multiple sclerosis, PTSD,
Tourette syndrome, epilepsy, substance use disorder and atten-
tion-deficit hyperactivity disorder. However, from February 2022
all patients receiving a prescription of CBMPs were eligible to par-
ticipate in the registry, regardless of their primary condition. The
most common primary conditions were chronic pain (49.4% of
the sample), anxiety disorders (42.4%) and PTSD (5.9%).

Measures

As part of their clinical assessment, in addition to providing informa-
tion on their medical history, including past and current treatments,
patients complete structured assessments of symptomatology. The
measures used in the current analyses are as follows.

Post-traumatic stress disorder

PTSD was assessed using the PCL-C,16 which has 17 items assessing
PTSD symptomatology. Each of the 17 items is rated on a 5-point
Likert scale (‘not at all’, ‘a little bit’, ‘moderately’, ‘quite a bit’,
‘extremely’) and can be summed to form a single measure of
PTSD symptomatology. A preliminary test of the psychometric
properties of the scale indicated it had high reliability (Cronbach’s
alpha 0.93) and item total correlations were all substantial,
ranging from 0.38 to 0.75.1

Comorbid major depression

Mood/depression was assessed using the PHQ-9,26 which is widely
used to assess symptoms of depression. Patients are asked to rate the
occurrence of nine events in the past 2 weeks, with each question
rated on a 4-point Likert scale (‘not at all’, ‘several days’, ‘more
than half the days’, ‘nearly every day’). The scale produced by
summing responses to these items, which can range from 0 to 27,
has been shown to perform adequately as a screener for major
depressive disorder, with scores of 10 or higher suggestive of a prob-
able diagnosis of major depression.

Patient characteristics
Gender

Self-reported gender was coded as male, female or non-binary.

Age

Age at the time of initiation of treatment, expressed in years, was
included as a continuous variable.

Self-reported health

All participants were asked to complete a series of self-report mea-
sures assessing aspects of health and quality of life. These measures
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were based on widely used and well-validated assessments. A full
description of the measures used and their psychometric properties
in the current sample has been provided previously.1 In the current
report we analysed general measures of health assessed across all
primary conditions:

(a) quality of life, assessed using the five items of the EQ-5D-5L27

(b) general health, assessed using the visual analogue scale (VAS)
of the EQ-5D-5L27

(c) sleep quality, assessed using four items derived from the
Pittsburgh Sleep Quality Index (PSQI).28

Prescribed CBMPs

The medical record contained information on what CBMPs were
prescribed for each individual. We report information on the
number of products prescribed for each participant. Further, we
report the total number of different products prescribed to all par-
ticipants and classify these according to their form (oil or flower)
and relative THC and CBD ratios (CBD dominant, balanced and
THC dominant). The percentage of prescriptions falling into each
of these six categories is reported.

Statistical analysis

First, we examined the prevalence of our probable diagnosis of
major depressive disorder in the sample of people with a primary
diagnosis of PTSD and compared severity of PTSD symptomatol-
ogy, sociodemographic characteristics (age, gender) and measures
of general well-being between the two groups. Differences in cat-
egorical values (e.g. gender) were assessed using the chi-squared
(χ2) statistic, and differences in mean ratings (e.g. quality of life)
were conducted using one-way analysis of variance (ANOVA).
These analyses were conducted on all participants with PTSD as
their primary condition who have data available at baseline.

We compared the total number of CBMPs prescribed to the two
groups using one-way ANOVA and the percentage of participants
in each group receiving the six categories of CBMP described
above (CBD-dominant oil, balanced oil, THC-dominant oil,
CBD-dominant flower, balanced flower, THC-dominant flower)
using χ2.

We then compared changes in the severity of PTSD symptom-
atology between starting treatment and 3-month follow-up for
those with or without secondary depression. Repeated-measures
general linear models were used to estimate the between-individuals
factor of depression, the within-individual factor describing changes

between baseline and follow-up and the interaction between these
two factors. These analyses include age and gender as covariates.

All analyses were conducted in SPSS version 29.0.1 for
Windows.29

Ethics

According to the National Health Service Health Research
Authority, Project T21 is classified as research; however, based on
the Medical Research Council decision tools, Research Ethics
Committee review and approval is not required. All individuals
did, however, provide signed informed consent for their data to
be used for research purposes.

Results

The prevalence of PTSD and comorbidity with
depression

As of 1 May 2023, there were 4036 people who had contributed data
to T21: 238 (5.9%) of these reported that PTSD was the primary
condition for which they were seeking treatment. The estimated
prevalence of depression was high: 77.7% of those with PTSD met
screening criteria for probable major depression.

Comparisons between those with PTSD with and
without depression

Table 1 compares the severity of PTSD symptomatology, measures
of quality of life and sociodemographic characteristics between par-
ticipants with PTSD with and without depression.

Participants with PTSD and comorbid depression reported sub-
stantially higher levels of PTSD symptomatology than those without
depression (mean 67.8 v. 48.4; F(1,236) = 118.5, P < 0.001). They also
reported lower well-being across three indicators: quality of life
(F(1,238) = 22.0, P < 0.001), general health (F(1,238) = 20.4, P < 0.001)
and sleep (F(1,238) = 82.3, P < 0.001). The prevalence of depression
was higher among females (87.1%) than among males (71.7%, χ21
= 7.7, P < 0.01) but there were no age differences between the two
groups.

Types of CBMPs by depression status

There were no differences between individuals with comorbid
depression and remaining sample members in terms of the total
number of CBMPs they were prescribed: those with depression
received an average of 2.1 products whereas those without

Table 1 Mean post-traumatic stress disorder (PTSD) symptom severity, quality of life and sociodemographic characteristics of PTSD patients with and
without comorbid depression

Comorbid depressiona

F(d.f.)No Yes

PTSD severity
Mean PCL-C score 48.4 (53) 67.8 (185) F(1,236) = 118.5***

Quality of life
Quality of life (EQ-5D-5L) 0.67 (53) 0.48 (187) F(1,238) = 22.0***
General Health 60.9 (53) 47.1 (187) F(1,238) = 20.4***
Sleep 10.2 (53) 14.9 (187) F(1,238) = 82.3***

Sociodemographic characteristics
Average age, years 39.7 (53) 39.2 (187) F(1,238) = 0.1n.s.

Genderb χ21 = 7.7**
Male 28.5% (41) 71.7% (103)
Female 13.0% (12) 87.0% (80)

**P < 0.01, ***P < 0.001, n.s., non-significant.
a. Numbers in parentheses show number of patients.
b. Owing to the small number identifying as non-binary (<5) they were excluded from these analyses to protect anonymity.
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depression received an average of 2.0 products (F(1,105) = 0.01; P >
0.70). The most commonly prescribed category of CBMP was
THC-dominant flower, with 74.8% of our PTSD sample receiving
a prescription for at least one of these products. However, there
were no differences between those with or without comorbid
depression in the percentages of people receiving specific types of
product (all P > 0.10).

Differences between those retained and those lost to
follow-up

Data on PTSD symptomatology were available at treatment entry
and at 3 months for 114 individuals, representing 48.3% of those
for whom baseline data were available. Missing data at 3 months
occur as a function of two processes: withdrawal from the
study (either because participants cease medicinal cannabis use
or continue using medicinal cannabis but do not contribute
data to the project) and analyses occurring before all enrolled
individuals have been in the study for 3 months and have there-
fore not yet been eligible for follow-up. Those who contributed
data at 3 months did not differ from those not contributing
data on any measure of symptom severity, sociodemographic
characteristics or quality of life and well-being at entry, as sum-
marised in Table 2.

Does the effectiveness of medicinal cannabis vary by
depression status?

To test whether treatment with CBMPs reduced PTSD symptom-
atology at 3 months and whether any reductions varied between
those with and without depression, we fit a repeated-measures gen-
eralised linear model, the results of which are summarised in Fig. 1.
These analyses indicated that the severity of PTSD symptomatology
was higher among those with comorbid depression (mean 60.2)
than among those without depression (mean 44.8) (F(1, 112) = 36.8,
P < 0.001). There was a substantial within-participant reduction in
PTSD severity across time (baseline mean 58.0 v. 3-month mean
47.0, F(1,112) = 14.5, P < 0.001). Finally, there was a significant inter-
action between depression status and wave of data collection
(F(1,112) = 6.2, P < 0.05). As shown in Fig. 1, the overall reduction
in PTSD symptomatology was higher in those with depression
(baseline mean 67.8 v. 3-month mean 52.5) than in those without
depression (baseline mean 48.2 v. 3-month mean 41.5).

Discussion

In this sample of individuals seeking treatment with prescribed
medicinal cannabis for PTSD, over three-quarters (77%) met

Table 2 Mean post-traumatic stress disorder (PTSD) symptom severity, quality of life and sociodemographic characteristics of PTSD patients followed-up
at 3 months and those lost to follow-up

Followed up at 3 monthsa

F(df)No Yes

PTSD severity
Mean PCL-C score 64.1 (122) 62.7 (116) F(1,236) = 0.6n.s.

Quality of life
Quality of life (EQ-5D-5L) 0.51 (122) 0.53 (118) F(1,238) = 0.5n.s.

General health 50.7 (122) 49.7 (118) F(1,238) = 0.1n.s.

Sleep 13.9 (122) 13.8 (118) F(1,238) = 0.1n.s.

Sociodemographic characteristics
Average age, years 39.6 (132) 39.3 (121) F(1,238) = 0.1n.s.

Genderb χ21 = 1.4n.s.

Male 48.6% (70) 51.4% (74)
Female 56.5% (52) 43.5% (40)

n.s., non-significant.
a. Numbers in parentheses show number of patients.
b. Owing to the small number identifying as non-binary (<5) they were excluded from these analyses to protect anonymity.
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screening criteria for probable depression. Meeting depression cri-
teria was associated with more severe PTSD symptomatology and
poorer quality of life (worse general health and quality of life
assessed using the EQ-5D-5L and poorer sleep quality).
Treatment with prescribed cannabis was associated with substantial
reductions in the severity of PTSD symptomatology, with these
improvements being more marked in individuals with depression.

Interpretation of our findings and comparison with the
literature

In this sample, treatment with CBMPs is associated with significant
improvements in well-being and quality of life in PTSD after 3
months of treatment1 and these improvements in well-being are
maintained in patients with psychiatric disorders, including
PTSD, or chronic pain for up to 12 months (unpublished results:
further details available from M.T.L. on request). These results par-
allel previous findings for quality of life across a broad range of con-
ditions30 and for PTSD specifically17 and highlight the potential
benefits of CBMPs for symptom reduction and improvements in
well-being across a wide range of chronic conditions.

Importantly, our findings add to this emerging literature by
indicating that the presence of comorbid depression is associated
with a greater reduction in PTSD symptomatology. This finding is
in sharp contrast to findings from a recent meta-analysis of
trauma-focused psychotherapy for the treatment of PTSD which
indicated that comorbid depression is associated with a reduced effi-
cacy of this treatment.31 Although both anti-depressants, particu-
larly SSRIs, and psychological therapies, including prolonged
exposure and cognitive–behavioural therapy, have been shown to
be effective for treating PTSD, many people do not respond to
these treatments and there is a considerable unmet treatment
need. The current results suggest CBMPs may have a role in addres-
sing this unmet need, while there is parallel evidence indicating that
psychedelics, including 3,4-methylenedioxymethamphetamine
(MDMA), may also be effective in treating PTSD. Notably,
Mitchell et al,32 who demonstrated high efficacy for MDMA, did
not exclude people with major depression from their clinical trial
and, in fact, reported a high prevalence (91.1%) in their sample.

The apparent increase in effectiveness of CBMPs for those with
comorbid depression may reflect a number of processes. First, there
may be a reciprocal or asymmetrical relationship between changes
in depression symptoms and PTSD symptoms. Evidence suggests
that the relationship between changes in depression and PTSD
symptoms may be affected differently depending on treatment
modalities.33,34 Further, there is preliminary evidence suggesting
that CBMPs may be effective in treating depression35 and that
reduced depressive symptomatology may be associated with a
similar reduction in PTSD symptomatology. Similarly, there is
some level of symptom overlap between PTSD and major depres-
sion36 and it may be that those transdiagnostic symptoms are espe-
cially responsive to treatment with CBMPs. Indeed, the high degree
of comorbidity and symptom overlap between PTSD and major
depression has led to suggestions that the comorbid condition
may be a distinct subtype of PTSD.36 Alternatively, the greater
improvement observed in those with comorbid depression may be
a reflection of the greater severity of PTSD symptomatology at the
start of treatment in this comorbid group.

Implications for future trials

Our findings have implications for the design of future trials of
CBMPs in the treatment of PTSD and other conditions.
Specifically, it is common (although not universal) for such trials
to exclude people with comorbid major depression or other psychi-
atric or general health conditions.21 The current findings suggest

that this approach risks potentially recruiting a sample who are
unrepresentative of patients with a specific condition (e.g. less
than a quarter of patients in this sample would be eligible for partici-
pation in a trial even if the only exclusion criteria was depression).
Additionally, our finding that CBMPs were significantly more
effective for those with depression suggests that the application of
exclusion criteria may result in the recruitment of participants
who are least likely to benefit from CBMPs. This possibility may
help explain the apparent discrepancy between real-world studies
and RCTs, in which results from observational studies have typically
reported more promising effects of CBMPS.37 For example, the
meta-analysis reported by Black et al13 included trials of cannabi-
noids for the treatment not only of PTSD but also of a range of add-
itional psychiatric disorders, including depression, anxiety, tic/
Tourette syndrome, attention-deficit hyperactivity disorder and
psychosis. They concluded that there was no evidence that pharma-
ceutical THC (with or without CBD) improved any psychiatric out-
comes other than anxiety occurring within the context of other
medical conditions, and one study suggested that it increased nega-
tive symptoms in psychosis. They also reported that pharmaceutical
THC increased adverse events and withdrawals from treatment.
However, medicinal cannabis prescriptions in the UK now are
increasingly for whole-plant extracts that have other constituents
that may also be functional via the entourage effect.38

Risk of drug–drug interactions

There are concerns regarding the potential ability of CBMPs to
engage in clinically significant drug–drug interactions (DDIs)
with commonly prescribed medications, including antidepressants,
owing to their involvement with the cytochrome P450 (CYP450)
system.39 This is of relevance in the context of PTSD and depression
as patients often concurrently use other medications. Some studies
suggest that CBD and THC may inhibit CYP450 isoenzymes,39,41

which play crucial roles in the metabolism of many pharmaceutical
drugs. This inhibition could lead to altered drug concentrations and
potentially affect the efficacy and safety of concurrently used med-
ications. Although the drug–drug interactions between cannabi-
noids and various drugs at the CYP level are reported in vitro,
their clinical relevance remains unclear.41 Prescribers should care-
fully monitor patients using CBMPs in conjunction with drugs
metabolised by the CYP450 pathway to mitigate the risk of
adverse interactions. Real-world evidence can play a key role in
understanding the clinical relevance of these interactions and con-
tribute to the development of informed clinical guidelines for the
concurrent use of CBMPs and other medications for depression/
PTSD.

Limitations

Results from our analyses should be interpreted in light of several
potential limitations, including lack of a placebo control. Owing
to the relatively small sample size, we were also unable to consider
the broader range of chronic conditions that may be comorbid with
PTSD and the extent to which the effectiveness of CBMPs may vary
withmultimorbidity and other specific comorbidities. Further, there
was substantial attrition, consistent with other observational studies
like this one. Nonetheless, our analyses indicated that the included
sample did not differ from those lost to follow-up in terms of sever-
ity of PTSD symptomatology, well-being or sociodemographic
characteristics.

There appears to be a surprising disconnect between the wide-
spread use of medicinal cannabis to treat PTSD and a very limited
number of trials that have examined its safety and efficacy for this
indication. Although both clinical trials and real-world observa-
tional studies have strengths and limitations, randomised controlled
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trials continue to be considered the gold standard in medical
research (although see42). However, given widespread prescription
of medicinal cannabis and an apparent reluctance of funding agen-
cies and sponsors to fund rigorous trials of its safety and efficacy,
there should be greater recognition of the advantages of real-
world data for advancing knowledge in this area.
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