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Abstract: Research has demonstrated that cannabis use is linked with a greater risk of psychotic-like
experiences (PLEs), particularly in young people. As many people use cannabis for the alleviation
of pain, it is important to examine the impact that PLEs have on pain. This is because the current
literature finds that psychotic and schizophrenic disorders impact pain experience, and PLEs are
subclinical positive symptoms of psychosis. There is limited research on the impact of PLEs on pain
experience, particularly in cannabis users, and thus, the current study aims to address this gap in the
literature. The study also examines whether childhood trauma and mental health problems contribute
to the heightened risk of pain in cannabis users, and whether these relationships are moderated by
PLEs. The current study was a cross-sectional design including young cannabis users aged 18–25
(n = 2630). Participants completed questionnaire measures of cannabis use, PLEs, self-reported pain,
childhood trauma, anxiety, and depression. Logistic regression analyses revealed that young cannabis
users experiencing more PLEs reported significantly higher pain. Additionally, experiencing a history
of childhood trauma and depression were also found to result in higher pain in these cannabis users.
Moderation analyses revealed that PLEs moderated the relationship between depression and pain;
however, in contrast to our predictions, PLEs did not moderate the relationship between childhood
trauma and pain. Anxiety did not significantly predict higher pain. The results of the current study
have important implications for the use and legalisation of THC medically, and the social, emotional,
and cognitive aspects of pain and cannabis use. We propose recommendations for mitigating the risk
of PLEs associated with cannabis use in chronic pain patients who are medically prescribed THC for
its analgesic effects and we include suggestions for future research.
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1. Introduction

Cannabis is one of the most frequently used illicit drugs in Australia [1]; however,
the use of cannabis has been linked to many poor mental health outcomes, particularly
in young people. Cannabis use during adolescence has been found to increase the risk of
developing psychotic disorders [2], and a strong dose-response relationship has been found
between cannabis use and psychotic-like experiences (PLEs) in young people [3,4]. PLEs
are defined as alterations in terms of how one perceives reality, presenting as a bizarreness
of thought characterised by non-conventional logic (i.e., delusions), and sensory dysregu-
lation (i.e., hallucinations) [5]. Given that cannabis use increases PLEs, it is important to
understand the motivations as to why people may use cannabis, in attempt to mitigate this
risk—particularly in young people.
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One major motivator for cannabis use is for coping with pain. A recent survey of
1000 adult recreational users found that 65% reported using cannabis to relieve pain [6]. In
some countries, tetrahydrocannabinol (THC; the psychoactive component in cannabis) is
medically prescribed to relieve pain and symptoms in patients with health conditions [7],
as acute administration of THC is associated with increased pain tolerance [8], in addition
to reducing the intensity of pain in patients with chronic pain [9]. As many people use
cannabis to relieve pain, and as cannabis is associated with a greater risk of PLEs, it is
important to understand how pain is connected to PLEs in cannabis users to mitigate the
risk of dependence and the development of psychotic disorders.

There is a scarcity of research on the relationship between pain and PLEs; however,
the literature on schizophrenic spectrum disorders and pain may provide insight. The
current literature on the perceptions of pain in those with schizophrenia are mixed. Studies
have found a decreased sensitivity to pain in patients with schizophrenia during laboratory
nociceptive stimulations [10]. Patients with schizophrenia have also been found to show
minor physical indications of pain when they have major medical injuries, and there is a
low prevalence of schizophrenia diagnosis in chronic pain patients [11]; however, many
contradicting studies demonstrate no association between pain and psychosis in clinical
settings [12,13] or laboratory nociceptive stimulations [14]. As PLEs are subclinical positive
symptoms, research on positive symptoms and pain may provide further insight; however,
the small amount of existing research is also mixed. Positive symptoms are suggested to
explain a diminished pain sensitivity in those with schizophrenia, as hallucinations result
in overloaded irrelevant information in the thalamocortical network, thus interrupting the
transmission of nociceptive inputs and reducing pain sensitivity [15]; however, two studies
have contradicted this, demonstrating that the more positive symptoms experienced in
those with schizophrenia, the lower the pain threshold [16,17]. As PLEs are very different
to clinical schizophrenia, these studies are informative but limited in their application
to PLEs in young cannabis users. Considering aetiological vulnerability factors, such
as childhood trauma and mental health, may also be important in understanding the
relationship between cannabis use, pain, and PLEs.

Childhood trauma is a vulnerability factor for both cannabis use disorders and PLEs.
Childhood trauma is associated with a greater risk of poor health outcomes later in life,
including mental health difficulties (depression and anxiety) and poorer physical health [18].
There is also a strong link between childhood trauma and cannabis use disorder [19].
Childhood trauma is also associated with increased ratings of pain in clinical [20] and
laboratory settings [21], and it is also linked with chronic pain [22]. Childhood trauma has
also been found to contribute to the onset of psychotic experiences and disorders [23,24].
Given these links, research is yet to explore how childhood trauma contributes to PLEs
and pain in cannabis users. Within this, it is also important to consider mental health on
cannabis use, PLEs, and pain.

Poor mental health, such as depression and anxiety, are additional risk factors for
cannabis use and pain. Higher levels of depression and anxiety have been found to increase
the risk of later cannabis use, whereas heavy cannabis use during adolescence also increases
the risk of developing mental disorders later in life [25]. There is also a bi-directional link
between poor mental health and pain, where both mood disorders and pain are risk factors
for one another [26,27]. Poor mental health is also linked to a greater risk of PLEs [28]. It is
evident that childhood trauma is linked with poorer mental health, and both act as risk
factors for cannabis use, possibly due to their association with increased pain experience.

This study aims to address the gap in the literature by examining the relationship
between PLEs and pain in young cannabis users, and the role of childhood trauma and
mental health problems on this relationship. We hypothesise that young cannabis users
experiencing more PLEs will report more pain, given the evidence to suggest a link between
positive symptoms and an increased sensitivity to pain [16,17]. Secondly, we hypothesise
that (a) young cannabis users with childhood trauma will report greater pain, as reported in
the literature [20–22], and (b) young cannabis users with mental health problems (anxiety
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and depression) will report greater pain, given the prior literature [26,27]. We lastly
hypothesise that (a) PLEs will moderate the positive relationship between childhood
trauma and pain, such that young cannabis users with childhood trauma and PLEs will
report greater pain than those with childhood trauma who do not experience PLEs, and
(b) PLEs will moderate the relationship between mental health and pain, such that young
cannabis users with poorer mental health who experience PLEs will report greater pain
than those with poor mental health who do not experience PLEs.

2. Method
2.1. Participants and Design

Participants were 2630 young cannabis users (1332 female, 1269 male, 29 other), aged
16–25 years (M = 19.26, SD = 2.58), recruited online via university emails, paid advertising
on social media, and substance use related websites. Snowballing techniques were used
and an incentive of AUD 10 was offered for referring a friend to the study. Participants
were also entered into a draw to win one of ten AUD 100 gift vouchers. Inclusion criteria
required participants to be 16–25 years of age and to have used cannabis at least once
in the past month. The current study was a cross-sectional design to investigate the
following continuous variables at a single time point: cannabis use, PLEs, self-reported pain,
childhood trauma, anxiety, and depression. The data formed part of a larger randomised
controlled trial looking at high risk cannabis users with PLEs (‘Keep It Real’) [29].

2.2. Measures

The World Health Organisation’s Alcohol, Smoking and Substance Involvement
Screening Test (WHO ASSIST) was used to assess the frequency of cannabis use and
related problems in the past three months [30]. PLEs were assessed using the 15 item
positive scale of the Community Assessment of Psychic Experiences (CAPE) measure [31],
assessing recent psychotic-like experiences and associated distress. Pain was assessed
using one item from the European Quality of Life Scale (EQ-5D-5L) [32]. This asked “Please
select one box that best describes your health today: Pain/discomfort” on a scale of 1 (I
have no pain or discomfort) to 5 (I have extreme pain or discomfort). Childhood Trauma
was assessed using the Childhood Trauma Questionnaire (CTQ) [33], assessing emotional
abuse, physical abuse, sexual abuse, emotional neglect, physical neglect, and minimisation
during childhood. Mental health was assessed by measuring levels of depression using the
9 item Patient Health Questionnaire (PHQ-9) and anxiety using the Generalised Anxiety
Disorder (GAD-7) scale.

2.3. Procedure

Participants completed an online survey using Qualtrics survey data collection. During
this process, participants first read an information sheet and provided their informed
consent before being screened for eligibility. If participants were ineligible (outside of the
age range and did not use cannabis in the past month), they were redirected to the end of
the survey. Eligible participants were asked the following questionnaires: CAPE-15, WHO
ASSIST, GAD-7, PHQ-9, CTQ, and the EQ-5D-5L. A subset of the sample who met the
criteria for the RCT were invited for the full study. The current study received University
of Queensland ethics committee approval (ACTRN12618001107213), and participants
consented to their data being used in extended projects.

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 26. Data was
first cleaned by removing ineligible participants, such as surveys that were completed in
under 10 min, and duplicate surveys. Prior to analyses, tests of normality were performed.
Some continuous variables were positively skewed; however, logistic regression analyses
do not require normality of predictor variables, and thus, these were not transformed prior
to analysis [34]. Furthermore, moderation analyses were bootstrapped, controlling for
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deviations in normality [35]. As the pain variable was extremely positively skewed and
did not improve upon transformation, the original data was made into a dichotomous
variable (high pain, low pain) using a Median Split (in line with prior suggestions to deal
with highly skewed distributions) [36]. A logistic regression was first conducted using
the enter method with all variables (the CAPE-15, WHO ASSIST Cannabis, CTQ, GAD-7,
and PHQ-9 total scores), controlling for age and education. This analysis tested the first
hypothesis, examining PLEs as a predictor of pain, and the second hypothesis to examine
childhood trauma and mental health as predictors of pain. Pending the significance of
these relationships (p-value less than 0.05), PLEs would be added as a moderator to test
our final hypothesis with moderation analyses using Hayes’ Process macro.

3. Results and Discussion
3.1. PLEs, Childhood Trauma and Mental Health as Predictors of Pain

The logistic regression analysis, examining all predictor variables on pain experience
(controlling for age and education), significantly explained between 13.8% (Cox and Snell
R2) and 18.4% (Nagelkerke R2) of the variance in pain, χ2(7) = 376.96, p < 0.001. This model
accurately predicted 70.6% of participants with low pain, and 60.7% of participants with
high pain. Overall, 65.7% of predictions were accurate. The coefficients indicate that for
each increase in score for the CAPE-15, there is a 4.2% increase in odds of experiencing
greater pain, β = 0.04, Wald χ2 = 19.79, OR = 1.042 (95% CI: 1.02, 1.06), p < 0.001. For each
increase on the PHQ-9 total score, there is a 3.9% increase in the odds of experiencing
greater pain, β = 0.04, Wald χ2 = 15.45, OR = 1.039 (95% CI: 1.02, 1.06), p < 0.001. Finally,
for each increase on the CTQ total score, there is a 2.9% increase in odds of experiencing
greater pain, β = 0.03, Wald χ2 = 75.84, OR = 1.029, (95% CI: 1.02, 1.04), p < 0.001. Scores on
the GAD-7 and the WHO ASSIST Cannabis scale did not predict pain experience, nor did
age or levels of education.

The results of this study supported the first hypothesis, as young cannabis users
experiencing PLEs were more likely to experience higher pain. These results are consistent
with studies that found that those with schizophrenia who experienced more positive
symptoms were more likely to experience greater pain [16,17]; however, these findings did
not support the competing hypothesis that positive symptoms are associated with decreased
pain sensitivity [15]. The current study builds on this prior research by demonstrating that
even pre-clinical positive symptoms may be associated with changes in pain sensitivity.

The results of this study also support the hypothesis that young cannabis users with
childhood trauma would report higher pain. These results are consistent with the literature
that childhood trauma is associated with increased ratings of pain in non-dependent
populations [20], while building on this by demonstrating this relationship in young
cannabis users. The results of this study partly support the hypothesis that young cannabis
users with poorer mental health would report higher pain, as depression, but not anxiety,
was associated with experiencing higher pain. The results of this study, with regard to
depression and pain, are consistent with previous research, which found that depression
leads to greater pain [26,27], and builds on this by demonstrating that this relationship
holds up amongst young cannabis users. Due to the increased risk of greater pain, those
with childhood trauma and depression may be more at risk for developing cannabis use
disorders, by using cannabis for its analgesic effects.

3.2. PLEs as a Moderator between Childhood Trauma and Pain

As scores on the CTQ significantly predicted pain experience, CAPE-15 scores were
added as a moderator. The overall model was statistically significant, χ2(3) = 332.07,
p < 0.001, and explained 16.4% (Nagelkerke R2) of the variance in pain experience. A
significant main effect of CTQ scores on pain, z(3) = 10.74, p < 0.001, b = 0.03, and a
significant main effect of CAPE-15 scores on pain were revealed, z(3) = 8.87, p < 0.001,
b = 0.07; however, the interaction between CTQ and CAPE-15 scores was nonsignificant,
z(3) = −1.53, p = 0.126, b = −0.01.
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Given the links between childhood trauma and PLEs [23,24], and childhood trauma
and pain [20–22], it was hypothesised that PLEs would moderate the positive relationship
between childhood trauma and pain. The results of this study do not support this hypoth-
esis, as no moderating effect of PLEs was found. Although the results support greater
pain and greater PLEs in cannabis users with childhood trauma, the presence of PLEs does
not increase the risk of higher pain in those with childhood trauma. Nonetheless, it is
important to consider the effect that childhood trauma has on pain in cannabis users, as it
may inform treatment for pain and cannabis use disorders in those with childhood trauma.

3.3. PLEs as a Moderator between Mental Health and Pain

As scores on the PHQ-9 were found to significantly predict pain experience, CAPE-15
scores were added as a moderator to this relationship. The overall model was statistically
significant, χ2(3) = 289.44, p < 0.001, and explained 14.4% (Nagelkerke R2) of the variance
in pain experience. Results revealed a significant main effect of PHQ-9 total scores on pain,
z(3) = 8.86, p < 0.001, b = 0.06, and a significant main effect of CAPE-15 scores on pain,
z(3) = 7.26, p < 0.001, b = 0.07. Additionally, the interaction between PHQ-9 and CAPE-15
total scores was significant, z(3) = −2.30, p = 0.021, b = −0.002 (refer to Figure 1).
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Figure 1. Simple slopes for the interaction between depression and PLEs on mean self-reported pain
experience. The moderating effect of PLEs on pain is stronger for those with low depression; however,
those with high depression are less impacted by the moderating effect of PLEs. Low scores represent
−1SD below the mean, whereas high scores represent +1SD above the mean. Error bars represent
standard deviation. p = 0.021.

The results of this study support the hypothesis that PLEs would moderate the neg-
ative relationship between mental health and pain, such that young cannabis users with
poorer mental health who experience PLEs will report greater pain than those with poor
mental health who do not experience PLEs. This interaction further indicates that the
moderating effect of PLEs on pain is stronger for those with low depression, such that those
with low depression who experience more PLEs are more likely to experience greater pain;
however, those with high depression are less impacted by the moderating effect of PLEs, as
those with higher depression are already experiencing greater pain irrespective of PLEs.

3.4. Theoretical and Practical Implications

The findings of this study provide insight into the populations most vulnerable for
experiencing PLEs, pain and cannabis use disorder, and the risk factors to mitigate to
prevent poor outcomes. The use of THC is being increasingly legalised and prescribed for
medicinal use in those with chronic pain [7]. As such, it is important to have plans in place
to prevent the risk of vulnerable populations experiencing poor outcomes with cannabis
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use. Those with childhood trauma and depression who use THC medically may be at
greater risk of experiencing higher pain associated with PLEs. Thus, the current results
highlight the importance of screening for PLEs, childhood trauma, and depression during
the prescription process to mitigate these risks. Additionally, patients should be screened
for PLEs prior to prescription and throughout their use of THC, as the causality of this
relationship is unknown. It is further suggested that for those at high risk with PLEs, and
who have childhood trauma and/or depression, they should be prescribed cannabis with a
high cannabidiol (CBD) content. This is because THC is a psychoactive, increasing the risk
of PLEs, whereas CBD has antipsychotic properties [37]. If THC is to be used medically
in low-risk patients, the dosage and frequency should be regulated to mitigate the risk
of PLEs.

3.5. Strengths and Limitations

There are a number of strengths to the current study. This study is the first to explore
the relationship between PLEs and pain in cannabis users. Although there is research into
pain experience in those with schizophrenia and psychotic disorders, this is the first to
explore pain in those with PLEs, particularly in the context of cannabis use, where many use
cannabis to alleviate pain and are at risk for developing PLEs. Another strength of this study
is the large sample size of a complex client base with substance use disorders–a population
often difficult to collect data on. The large sample size improves the generalisability of
the results in young cannabis users. Further research is needed to examine whether these
results are generalisable to older populations of cannabis users.

There are also several limitations to the current study design. As the data used for
this study were pre-existing, we could not change how variables were measured. Pain
was measured using a single item, which may not have accurately measured the full scope
of the participants pain experience. The question asked about pain in general, and thus
we cannot disentangle physical compared to emotional pain, and acute or chronic pain.
Disentangling the types of pain people report would allow for more specific findings with
regard to the type of pain associated with PLEs and cannabis use. Due to the single item
measure of pain, the distribution of responses was highly skewed as a large proportion
of participants reported no pain and a median split was required. This may have limited
the sensitivity of the measure as we could only distinguish whether participants reported
higher or lower pain. Thus, including more pain items would allow for a more sensitive
measure of pain. Another limitation of this study is that it uses a cross-sectional design at a
single time point. This means that we cannot infer causal relationships; for example, that
cannabis caused PLEs. Rather, we can only examine associations between the variables.
Future research on pain and PLEs in cannabis users should address these limitations.

4. Conclusions

The current study addresses the gap in the literature of the relationship between PLEs
and pain in young cannabis users, and childhood trauma and mental health problems as
heightened risk factors. PLEs, childhood trauma, and depression were found to be indi-
vidually associated with higher pain, whereas PLEs moderated the relationship between
depression and pain. These results have important theoretical and practical implications
for the use and legalisation of THC medically. This study makes novel and important
contributions to the literature of cannabis use, PLEs and pain and the risk factors to consider
in vulnerable populations.
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