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ABSTRACT

Older adults represent the fastest growing demographic of cannabis users, and they endorse
cannabis use for a variety of reasons including modulation of chronic pain, mental health
symptoms, and sleep concerns. Despite escalating patterns of use, current evidence leaves
questions of efficacy unanswered among these groups of users. Goals of the present study were
to examine the role of medicinal cannabis within subjects at the daily level on the interrelated
symptoms of depression, anxiety, sleep, and pain. A final sample of 106 medical cannabis users
were recruited nationwide, ranging from 55 to 74 years of age (66.67% female, 82.86% white). A
fully within-subject multilevel structural equation model was conducted with use patterns and
symptomology broken into four temporal epochs. Subjective intoxication (Epoch 1) averaged
across the day was used to predict subsequent anxiety, depression, and pain levels (Epoch 2),
which then were used to predict sleep that night (Epoch 3), then subsequent anxiety, depression,
and pain levels the following day (Epoch 4) prior to initiation of cannabis use. Results indicated
that subjective intoxication negatively predicted post-use anxiety, depression, and pain. There
was also a significant indirect effect from subjective intoxication to sleep quality through post-
use anxiety. These findings provide evidence of momentary improvement in symptomology, but
do not speak to long term changes. Findings are limited by measures used and potential
expectancy effects but may help practitioners and patients determine windows for therapeutic use
and identify potential development of problematic use as reinforced by momentary
improvements in symptomology. Despite its limitations, the results of this study contribute to a

growing body of research evaluating the efficacy of medicinal cannabis use for older adults.
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INTRODUCTION

Medicinal cannabis use dates back thousands of years, appearing among a multitude of
ancient cultures (Mechoulam, 1983). More recently, overall rates of cannabis use tend to
fluctuate throughout the decades, but a strong increase has occurred in recent years, especially
among older adults — the fastest growing population of cannabis users (Han & Palamar, 2018,
2020). Medicinal cannabis is used for a variety of conditions among older adults, including
pain/arthritis (endorsed, in a sample of N = 83 older adults, by 73%), sleep disturbance (29%),
anxiety (24%), and depression (17%). Furthermore, common combinations of symptoms
endorsed by older adults include both pain and sleep; both depression and anxiety; and pain,
sleep, depression, and anxiety altogether (Yang et al., 2021). The list of conditions for which
medicinal cannabis may be legally prescribed varies by state, but the preceding conditions often
make that list. Within the literature regarding the health effects of cannabis and cannabinoids, the
strongest evidence exists to support its use for chronic pain, as well as nausea reduction and

spasticity improvement (National Academies of Sciences Engineering and Medicine, 2017).

Less well-supported is the use of cannabis for treating sleep disturbance, among other
conditions (National Academies of Sciences Engineering and Medicine, 2017). Very few high-
quality studies have been conducted to evaluate the effects of cannabis on depression and
anxiety, and yet, these two conditions are very commonly endorsed as motives among medicinal
cannabis users. The studies that do exist often report contradictory findings, and as current
evidence stands, there is little support for a relationship between cannabis use and depression
and/or anxiety in either direction (National Academies of Sciences Engineering and Medicine,

2017). Negative affect may be both a cause and a result of cannabis use (Wycoff et al., 2018).



Likewise, mood is thought to both influence and result from pain (Lumley et al., 2011) and sleep
quality/problems (Bao et al., 2017). Older adults in particular are more likely than younger adults
to endorse multimorbidity (King et al., 2018) along with polypharmacy (Wastesson et al., 2018).
Therefore, in consideration of medicinal cannabis as an option for the management of various
health conditions, patients deserve an accurate and evidence-based depiction of cannabinoid
efficacy in treatment of these conditions, especially those with complex health profiles. Taken
together, it is thus warranted to investigate whether the relationship between cannabis use and
anxious and depressive symptomology is direct, or whether health comorbidities more readily
influenced by cannabis use (i.e., pain and sleep quality) act as a mechanism that may elucidate

this muddled relationship.

Relevance of Medicinal Cannabis

The cannabis plant has been used for its fiber since as early as Neolithic times (Li, 1974),
though its use for medicinal purposes was not recorded until much later. The first documented
medical use of cannabis was found in the earliest known pharmacopoeia written around the first
century A.D. indicating traditional medicinal uses by China’s legendary Emperor Shen-Nung
around 2000 B.C. (Li, 1974). Historical medicinal purposes varied widely, though some
functions included clearing bodily toxins, aiding in the birth process, and relieving rheumatism
(L1, 1974; Zias et al., 1993). The earliest physical evidence of medicinal cannabis use dates back
to the fourth century A.D. (Zias et al., 1993). In contrast to the longstanding history of medicinal
and recreational cannabis consumption, throughout the past century, cannabis use has been met
with strong legal opposition. The cannabinoid THC appeared in the United States
Pharmacopoeia in 1850, though it was removed in 1942, a few years after implementation of the

Marihuana Tax Act (Bridgeman & Abazia, 2017). Mandatory legal penalties were introduced by



the Boggs Act in 1952 for cannabis-related offenses, despite shifting cultural perceptions of
cannabis use as acceptable, especially in the 1960s (Page et al., 2020). This was followed by
federal prohibition in 1970 through the Controlled Substances Act, which categorized cannabis
as a Schedule 1 substance, indicating that it has no approved medical use and high potential for
abuse (Page et al., 2020). State-wide approval of the medicinal use of cannabis began with
California in 1996, and by 2014, Colorado became the first state to approve the sale of cannabis

to consumers for recreational purposes (Page et al., 2020).

As of January 2023, cannabis remains illegal at the federal level, though 37 states have
legalized the medicinal use of cannabis and 21 have legalized it at the recreational level (Avery,
2023). Attitudes about cannabis use have evolved alongside changing legislation. Some have
theorized that birth cohort effects influence the acceptance of cannabis use, and while those born
prior to 1945 have greater negative attitudes towards cannabis use and use at much lower rates,
period (intracohort) effects appear to have much stronger influence on changing attitudes about
cannabis use legalization and acceptability across generations born post-World War II (Felson et
al., 2019). While there are some between-group differences in attitudes by political party, gender,
and religiosity, for example, overall rates of approval have changed at largely consistent rates
across these groups, and across regions of the US (Felson et al., 2019). These changing attitudes
can be partially attributed to evolving media portrayal of cannabis use as a medical issue since
the 1990s, and can be slightly accounted for by decreasing religious affiliation (Felson et al.,

2019).

Since the early 1990s, the nationwide rate of support for cannabis legalization has
steadily increased by about 1.5% per year, breaking the 50% threshold in the early 2010s (Felson

et al., 2019). In 2020, a record high 68% of Americans were estimated to support cannabis



legalization according to Gallup polls (Brenan, 2020). Among older adults, the increase in rates
of cannabis use has been steep. In 2015 and 2016, approximately 9.0% of adults aged 50-64 used
cannabis and approximately 2.9% of those age 65 and above used cannabis in the past year (Han
& Palamar, 2018). From 2015 to 2018, rates of past-year cannabis use among adults 65 and older
increased by approximately 75%, from 2.4% to 4.2% (Han & Palamar, 2020). Many of the health
conditions medical cannabis is commonly prescribed for may be relevant to older adults,
especially chronic pain and sleep disorders (Yang et al., 2021). Numerous randomized clinical
trials have indicated moderate evidence of likely cannabinoid efficacy in treating spasticity and
chronic pain, with some low-quality evidence suggesting improvements in sleep disorders,
nausea associated with chemotherapy, weight gain in HIV, and Tourette syndrome (Whiting et
al., 2015). Common short-term adverse events that may be of particular concern for older adults
include, but are not limited to, dizziness, nausea, fatigue, disorientation, drowsiness, confusion,
loss of balance, and hallucinations (Whiting et al., 2015). Of adults aged 50 and above who
registered as medical cannabis users in the State of Florida, chronic pain and musculoskeletal
and spastic disorders were the most common conditions indicating treatment with medical
cannabis (Brown et al., 2020). This population was also likely to endorse use of antidepressants
(23.8%), benzodiazepines and anxiolytics (23.5%), opioids (28.6%), and cardiovascular agents
(27.9%) (Brown et al., 2020), which indicates risk for medication interactions and could

potentially exacerbate the risk of adverse events among older adults.

Pharmacology of Cannabis
The cannabis plant is comprised of hundreds of cannabinoids, but the most potent and

most often studied are A9-Tetrahydrocannabinol (THC) and Cannabidiol (CBD). Both plant-

derived and synthetic cannabinoids primarily act upon the endocannabinoid (eCB) system. The



eCB system is an endogenous network of G-protein-coupled receptors, two of the most
prominent being the CB1 receptor (primarily found in the central nervous system with smaller
concentrations in the peripheral nervous system) and CB2 receptor (originally thought to be
found only in the immune system, but also found in the CNS) (Mechoulam & Parker, 2013).
Animal models suggest that CBD exerts anxiolytic properties (Izzo et al., 2009) and appears to
counter some adverse effects of THC (Boggs et al., 2018). Though the biological underpinnings
of cannabinoid efficacy are beyond the scope of this paper, the theorized actions of THC and
CBD on the eCB system provide a framework for the study of the health effects of medicinal
cannabis at the clinical level.

Existing reviews of the clinically observable effects of THC and CBD yield relatively
mixed findings. In general, findings indicate that higher doses of THC pose greater risks such as
dose-dependent increases in heart rate, anxiety, reductions in alertness, psychosis-like effects,
and impaired memory and learning (Freeman et al., 2019) while balanced ratios of THC:CBD
may protect against some of these adverse outcomes typically thought to be caused by THC
alone (some memory impairment, tachycardia, intoxication) and CBD may have some beneficial
effects (such as pain relieving and anti-emetic properties) (Englund et al., 2013; Fischer et al.,
2017; Russo & Guy, 2006). Many more studies of these effects have been conducted with
younger adults alone. Some findings indicate that older adults may experience less sensitivity to
some of the cognitive and behavioral effects of THC than younger adults, though rates of anxiety

may not differ between age groups (Mueller et al., 2021).



Direct Relationships of Cannabis, Sleep, Pain, and Mental Health
Chronic Pain and Sleep Impairment

The International Association for the Study of Pain characterizes the diagnosis of chronic
primary pain by both presence of pain for at least 3 months, and presence of either emotional
distress or functional disability (Nicholas et al., 2019). Prior to this conceptualization of chronic
pain, definitions varied with considerations of etiology, pathophysiology, and psychological
components of pain. While there are copious causes of and definitions for chronic pain, attempts
to address the resultant distress and impairment, as well as maintaining factors, both for specific
pain conditions and chronic pain more broadly, are warranted. Sleep impairment is often
identified as a comorbidity in individuals with chronic pain. Among those with chronic non-
cancer pain, pooled prevalence of concurrent sleep disturbance is approximately 75%, though
these numbers varied slightly by pain etiology (i.e., lowest among those with rheumatoid arthritis
at 65.4%, and highest among those with fibromyalgia at 95.5%) (Sun et al., 2021). In a
randomized controlled trial treating chronic pain, the bidirectionality of the pain/sleep
relationship was highlighted, with early (1 and 3 month) changes in sleep predicting changes in
pain when controlling for depression and anxiety. The reverse relationship was also significant,
though weaker, whereby changes in pain predicted changes in sleep (Koffel et al., 2016). The
bidirectional relationship of the two constructs is relatively well-supported, though recent
reviews tend to highlight a more consistent effect whereby sleep consistently predicts greater
pain sensitivity (Herrero Babiloni et al., 2020; Okifuji & Hare, 2011). However, the sleep-pain
relationship is complex with many potential confounding factors involved. Poor sleep can impact
immune response, specifically exacerbating systemic inflammation, which can then worsen the

experience of chronic pain. Additionally, positive and negative affect, mood disorders,



endogenous substances such as dopamine and melatonin, and activation of the HPA axis have all

been identified as potential modulators of this relationship (Herrero Babiloni et al., 2020).

Chronic Pain and Mental Health Outcomes

Another intertwined, bidirectional relationship is that of pain and mental health concerns.
Pain and depression often co-occur and have some overlapping neurological underpinnings. The
Gate Control Theory of Pain explains the role of psychological processes in pain perception
(Melzack & Wall, 1965). The theory refers to a gate-like channel in the spinal dorsal horn
connecting the brain and spinal cord that controls the transmittance of pain signals through
various nerve fibers and modifies the perception of pain. For example, the gate can exacerbate
the feeling of pain or attenuate it at the spinal cord before it reaches the brain. Not only can
peripheral sensory input open or close the gate, but so too can nerve fibers descending from the
brain. This highlights the brain’s role in pain perception, such that motivational-affective,
sensory-discriminative, and evaluative processes can influence the resultant subjective
experience of pain (Melzack, 1993). The Gate Control Theory was the first to identify how
psychological factors can play an integral role in the experience of pain (Melzack & Katz, 2013).
The reciprocal interplay between pain and depression has been replicated in multiple studies,
whereby changes in severity of one domain predicts subsequent changes of severity within the
other (Bair et al., 2003; Kroenke et al., 2011). Furthermore, dysregulation of certain cortical
networks as a result of pain can perpetuate and exacerbate the emotional experiences associated
with persistent pain, including rumination and anxiety about experiencing pain, which can then
worsen suffering and disability (Lumley et al., 2011). Consideration of the causal and
maintenance factors involved in this bidirectional relationship between chronic pain and emotion

can be key in attempting to treat and intervene with both conditions (Meints & Edwards, 2018).



Of particular concern with older adults is functional disability and impairment in daily life,
which may originate from or be worsened by chronic health conditions and chronic pain.
Specifically, changes in disability strongly predict subsequent depression, and to a lesser extent,
depressive changes can predict disability over prolonged time periods; thus persistent depression
and/or new disability should be considered as intervention points in this mutually reinforced

cycle among older adults (Ormel et al., 2002).

Sleep Impairment and Mental Health Outcomes

Older adults commonly experience changes in sleep architecture and circadian rhythms
attributable to physiological and biological factors, and general alterations to sleep due to various
comorbid health conditions, which can in turn contribute to poorer overall sleep quality and
duration (Neikrug & Ancoli-Israel, 2010). Poor sleep can lead to worsened cognitive functioning
in multiple domains, including attention, working memory, long-term memory (Alhola & Polo-
Kantola, 2007) and especially depression and anxiety. Sleep difficulties have been linked
bidirectionally to depression and anxiety (Alvaro et al., 2013). Sleep difficulties can act as a
predisposition to either condition, though more often to depression. In fact, trouble sleeping
serves as one of the possible diagnostic criteria for depressive disorders (American Psychiatric
Association, 2022). Among older adults, sleep problems can be a contributing causal factor to
depression (Baglioni et al., 2011; Riemann, 2003), or a symptom that emerges post-onset of
depression (Bao et al., 2017). One hypothesis poses that, rather than separate, independent
comorbidities, some of the common factors between anxious and depressive syndromes may
explain their link to sleep problems, such as general distress (Magee & Carmin, 2010). The
tripartite model of anxiety and depression suggests that the two conditions can be comorbid due

to a shared common factor, general affective distress, and two distinct disorder-specific factors,



anxious arousal and/or anhedonia, respectively (Clark & Watson, 1991). Some have similarly
posited that insomnia may occur due to an underlying predisposition to hyperarousal, which may
explain the overlap between insomnia and anxious/depressive symptoms (Stepanski &

Rybarczyk, 2006).

Further complicating this relationship is the role that cognitive factors play in both sleep
and mood disorders. For instance, sleep quality among older adults is related to depressive
symptoms, though this relationship is mediated by rumination, and the direct link between sleep
problems and rumination is moderated by inhibitory control (Brush et al., 2020). Due to the
complex, variant patterns and potential causes of comorbidity between insomnia and mental
health conditions, there is not one clear way to alleviate symptoms of both. However, in some
cases, targeting one condition can indirectly improve the other. For example, treating older adults
with comorbid insomnia and depression with an evidence-based psychotherapeutic treatment for
insomnia, CBT-I, can improve symptoms of both conditions (Sadler et al., 2018). Similar effects
have been seen in those with insomnia and comorbid baseline anxiety and stress (Sweetman et
al., 2020). Given the range of conditions for which older adults may use cannabis, consideration
of causal factors in individuals’ mental health or sleep-related symptomology may be essential in
the decision-making process regarding predicted cannabinoid efficacy for treatment of these

conditions.

Cannabis and Pain

Many attempts to address the relationship between cannabis and pain have been made,
and while some have concluded that cannabis reduces pain, others report little to no effect, or
simply indicate an inability to draw conclusions due to a lack of high-quality evidence. In

general, cannabis and cannabinoids are commonly reported as slightly effective at relieving pain,



although the conditions for which this applies are largely divergent, and few methodologically
rigorous studies exist (Fisher et al., 2021). Consequently, some report that no conclusions can be
drawn from the evidence to either support or refute cannabinoid efficacy in treatment of pain
(Fisher et al., 2021). In terms of individual cannabinoids, THC:CBD ratios (1:1 or 2:1) may
alleviate neuropathic pain in some patients, though there was insufficient evidence to draw
conclusions about pain from multiple sclerosis or cancer (Nugent et al., 2017). Contrary to some
review papers, the National Academies’ 2017 review concluded that substantial evidence
supports cannabinoid efficacy in treatment of chronic pain in adults, though this mostly
encompassed studies conducted outside of the United States and may not reflect the diverse pool
of cannabinoid products and administration routes commercially available in the US (National

Academies of Sciences Engineering and Medicine, 2017).

The biological mechanisms of the pain-relieving properties of cannabis and cannabinoids,
as well as the general role of the endocannabinoid system in pain perception, is not fully
understood and somewhat beyond the scope of this study. However, in general, there are a few
cannabinoid-related mechanisms that are considered to influence pain perception. CB1 receptors
are primarily expressed in the central nervous system and are abundantly present in brain regions
that influence nociceptive perception (Maayah et al., 2020). Furthermore, CB1 receptor
activation at presynaptic locations allows for cannabinoid modulation of neurotransmitter
release, and activation of these receptors can modulate nociceptive thresholds (Maayah et al.,
2020). CB2 receptors, most abundant in peripheral immune and inflammatory cells, both
evidently and theoretically play a role in pain perception as well (Maayah et al., 2020). In fact,
some CB1, CB2, and non-selective cannabinoid receptor agonists have demonstrated efficacy in

pain reduction for both inflammatory and neuropathic pain models, though efficacy is more

10



consistently demonstrated in neuropathic pain (Haroutounian et al., 2021). The Task Force on
Cannabis and Cannabinoid Analgesia has called for more research to further elucidate the
pharmacological effects of cannabis and role of the endocannabinoid system in pain processing
and analgesic targets (Haroutounian et al., 2021). Overall, based on biological and clinical
findings, cannabis likely represents a viable treatment option for pain, and thus, the efficacy of
cannabinoid analgesia with consideration of various contextual factors should be further

investigated.

Cannabis and Sleep

Various sleep-related outcomes, both beneficial and deleterious, have been tied to
cannabinoids for decades, but a strong, conclusive effect of cannabis on sleep has yet to be
established. RCTs have revealed that medicinal cannabis and cannabinoids lead to improvements
in sleep quality and disturbance among individuals with chronic pain endorsing disturbed sleep
at baseline, however, these effects are small in those with non-cancer related pain, and even
smaller among those with cancer-related pain (AminiLari et al., 2022). Time may serve as an
important explanatory factor regarding cannabis and sleep. Cannabinoids have some efficacy in
improving sleep in the short term for certain conditions, including obstructive sleep apnea,
fibromyalgia, MS, and chronic pain (National Academies of Sciences Engineering and Medicine,
2017). Overall, studies have commonly reported short-term improvements in sleep onset latency
and slow wave sleep, though some have identified differential effects based on constituent
cannabinoid concentration and dosage (Babson et al., 2017). In the long term, however, tolerance
and dependence appear to develop, as well as disturbed sleep during cannabis withdrawal
(Babson et al., 2017), suggesting that cannabis may not be a sustainable, long-term solution to

chronic sleep impairment.
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The endocannabinoid system appears to play a role in the circadian sleep-wake cycle, and
administration of exogenous cannabinoids may impact this process. Endogenous cannabinoids 2-
AG and AEA may be associated with wake-promoting and sleep-promoting effects, respectively
(Suraev et al., 2020). AEA is a partial agonist at the CB1 receptor, as is THC, which may explain
its effects on sleep; CBD on the other hand, is inhibitory of an enzyme, fatty acid amide
hydrolase (FAAH) that breaks down AEA, and thus has been theorized to exert effects on sleep
indirectly through increased availability of AEA (Suraev et al., 2020). Notably, inhibition of
FAAH (and resultant accumulation of AEA) with different inhibitors has resulted in increased
wakefulness in some studies (Murillo-Rodriguez et al., 2007) and promotion of sleep in others
(Pava et al., 2016). While the endocannabinoid system likely plays some role in sleep, an
understanding of the exact mechanisms of this effect has yet to be established and thus, more
research is required (Kesner & Lovinger, 2020). At the clinical level, evidence indicates
uncertainty about whether cannabinoids result in improved sleep via direct effects on biological
sleep-wake processes or alleviation of some other underlying pathology, such as chronic pain

(Suraev et al., 2020).

Cannabis and Depression

The relationship between cannabis and mental health symptoms is complex. Cannabis use
has been investigated as both a causal factor and a result of mental health symptoms, but there is
still a lack of clear evidence for a direct effect in either direction. Within the limited literature of
identified methodologically rigorous studies, the effect of cannabinoids on depressive symptoms
were only investigated within the context of treatment for another medical condition, such as
multiple sclerosis or chronic pain. Results of these studies indicated that cannabis was ineffective

in the reduction of depressive symptoms (National Academies of Sciences Engineering and
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Medicine, 2017). In this same review, there was also a small but statistically significant finding
that cannabis use slightly increases the risk of developing a mood disorder. In a prospective
cohort study, baseline cannabis use was significantly associated with elevated levels of
depression and anxiety at three-year follow up, although this association was attenuated when
controlling for confounding social factors, demographics, and comorbid substance use
(Danielsson et al., 2016). Evidence for a bidirectional relationship between cannabis use and

depression remains controversial.

The biological and psychological underpinnings of the relationship of cannabis with
depression each provide theoretical foundations which may explain both cause and maintenance
of this link. The neurotransmitter serotonin (5-HT), and more specifically and simply, low levels
thereof, has a well-established role in the pathophysiology of depression (Nemeroff & Owens,
2009). Some evidence has linked the endocannabinoid system with 5-HT, though any role of
exogenous cannabinoids is less clear. Within the dorsal raphe nucleus, stimulation of the CB1
receptor via administration of low dose agonists causes an increase in 5S-HT firing rates in rat
models (similar to the effects of SSRIs used to treat depression), though high-dose agonists
decrease this firing rate (Cohen et al., 2019; Langlois et al., 2021). Therefore, it is notable that at
the biological level, modulation of the 5-HT system by cannabinoids has been documented
(Cohen et al., 2019). However, at the behavioral level, while some case studies and anecdotal
evidence support the efficacy of cannabis in treatment of depression, no randomized controlled
trials exist to support this theorized therapeutic action (Feingold & Weinstein, 2021). One
interpretation of inconsistent findings relating cannabis use with depressive symptoms is that

CUD may play a causal role in the development of MDD among the heaviest users (Smolkina et
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al., 2017), though the reverse has also been reported — baseline depression may pose as a risk

factor for initiation of cannabis use (Langlois et al., 2021).

Among individuals with depression, coping appears to be a common explanatory factor
for escalated cannabis use. Some studies have found that individuals using cannabis to cope with
baseline mental health concerns such as anxiety and depression experience temporary relief, but
elevated levels of depression at follow up (Cuttler et al., 2018). Interestingly, this finding was
unique to those who endorsed coping as a motive for use. This may explain the finding that
baseline cannabis use predicts more subsequent depression. Furthermore, among cannabis users,
difficulty tolerating sad mood states has been shown to predict more frequent cannabis use and
greater endorsement of coping motives. Notably, this finding was unique to intolerance of sad
mood in this particular sample of undergraduate students, and did not occur with low tolerance of
other negative emotions such as anger, anxiety and fear (Hartmann & McLeish, 2022).
Individuals experiencing increased life stressors and using cannabis chronically may also be
more vulnerable to using for stress-related coping. Chronic cannabis use may additionally alter
neurological stress systems by increasing stress response and depleting coping abilities, thus
creating a vicious cycle whereby stress leads to cannabis use, which then prompts increased
levels of stress and decreased ability to cope with such stress (Hyman & Sinha, 2009). Taken
together, cannabis use therefore is likely to potentiate depressive states when used as a coping
mechanism, rather than alleviate the aversive feelings the individual was trying to blunt via

substance use.

Cannabis and Anxiety
A direct relationship between cannabis and anxiety has been explored in prior studies,

though findings are not yet conclusive, perhaps due to the complex, multifaceted role
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cannabinoids play in the modulation of anxiety at a biological level coupled with widely varying
motives for use. The National Academies’ review failed to find many good-quality reviews of
cannabinoid efficacy in treatment of anxiety, but identified limited evidence that CBD improves
anxiety symptoms in those with social anxiety disorders (2017). Similarly, this review found
limited evidence for an association between cannabis use and subsequent development of most

anxiety disorders.

The eCB system likely contributes to modulation of anxiety, fear and stress regulation
with multiple important roles in regulation of the HPA axis, and is also itself modulated by stress
(Morena et al., 2016). However, these stress-respondent effects differ by region and component
of the system (i.e., levels of endogenous cannabinoids and receptors), and even by nature of the
stressor (Morena et al., 2016). Furthermore, THC appears to have a biphasic role in the
modulation of anxiety, such that low doses of THC produce anxiolytic effects whereas high
doses are anxiogenic (Viveros et al., 2005). This effect of THC on anxious symptomology may
also differ by neuroanatomical region. In rodent models, injection of THC in the prefrontal
cortex and ventral hippocampus appears to also have an anxiolytic effect, while injection in the
amygdala is anxiogenic (Rubino et al., 2008). CBD, on the other hand, has been shown to have
mostly anxiolytic properties that can occur via multiple different neurological routes, though this
effect varies by dose and contextual factors (Petrie et al., 2021). Some studies have demonstrated
that CBD mitigates the anxiogenic properties of high-dose THC, though this finding does not
always replicate (Petrie et al., 2021). Finally, the anxious response humans have demonstrated to
cannabis can differ by gender, levels of tolerance, cannabinoid concentration, and route of

administration (Petrie et al., 2021), which further complicates this relationship.
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Approximately 50% of medical cannabis patients report using for anxiety (Kosiba et al.,
2019), and even recreational users endorse self-medicating their anxiety as a motive for use
(Osborn et al., 2015). While theoretically, some rationales allude that cannabinoids may be
effective in treatment of anxiety disorders, few RCTs exist to support this idea. In fact, out of
only 8 RCTs available in 2021, no evidence was identified to support the efficacy of THC or
CBD in treatment of anxiety disorders (Stanciu et al., 2021). Some longitudinal studies have
examined the inverse — that cannabis use may cause anxiety disorders — yet findings are largely
mixed and often null especially when controlling for psychosocial factors, and further limited by
lack of methodological rigor (National Academies of Sciences Engineering and Medicine, 2017).
However, some studies do report increased odds of anxiety symptoms among cannabis users
(Botsford et al., 2020). There is some evidence that cannabis use may cause social anxiety
symptoms, especially in older persons (National Academies of Sciences Engineering and
Medicine, 2017). Cannabis Use Disorder has a high rate of comorbidity with anxiety disorders
such as GAD (Onaemo et al., 2021), though causality in either direction is yet to be clearly
established and likely differs by user. Among these groups with substance use disorders and
comorbid anxiety disorders, craving was stronger, and thus substance use more frequent, than in

those without anxiety disorders in one EMA study (Fatseas et al., 2018).

Despite these controversial findings, individuals still elect to use cannabis in hopes of
decreasing their anxiety. It is possible that for some, the perceived efficacy of cannabis in
treatment of anxious symptomology may be attributable to negative reinforcement cycles. Higher
levels of distress intolerance are related to greater cannabis dependence, problems, and craving
(Farris et al., 2016), which suggests that dispositional or trait-like intolerance of anxious distress

may be a risk factor for cannabis use, which then likely contributes to maladaptive use and

16



cannabis-related problems. In fact, prior studies have shown that greater trait-level anxiety,
including a greater number of anxiety disorder diagnoses, is associated with increased cannabis
use (Wycoff et al., 2018). Consistent with these findings, individuals high in the neuroticism
personality trait tend to have higher rates of problematic cannabis use (Winters et al., 2022).
Cannabis coping motives mediate the relationship between distress intolerance and cannabis
problems (Farris et al., 2016), which will be discussed in greater detail in the following section.
Anxiety disorders are often characterized by avoidance behaviors, specifically avoidance of
unpleasant, anxious feelings. While avoidance can sometimes be adaptive in truly threatening
situations, it often perpetuates anxiety disorders by way of operant conditioning. That is, the
removal of unpleasant feelings in the moment (via cannabis use, in this case) only reinforces
such avoidance behaviors in the future and worsens symptoms of anxiety over time. Thorndike’s
law of effect supports this idea as well, stating that behaviors followed by desirable

consequences will be repeated (Thorndike, 1927).

Cannabis and Coping

Given that evidence is still inconsistent regarding the direction of causality between
cannabis use and depression, despite ongoing investigations of a direct relationship between the
two, it is plausible that a third factor responsible for the development and maintenance of this
relationship exists. Lazarus and Folkman (1984) introduced the dichotomy of problem-focused
and emotion-focused coping. By their definition, problem-focused coping refers to strategies
aimed at solving or mitigating the problem that causes the distress, while emotion-focused
coping attempts to regulate the emotional response that derives from the problem. Individuals
may use either or both strategies. Coping style often varies both between and within persons and

situations, and can change by the presenting demands and available resources (Lazarus &
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Folkman, 1984). Ideal coping would resolve the problem at the root of the experienced distress
and resolve any negative emotions associated with that distress. However, some problems may
not be amenable to solutions, therefore, effective coping is complex (Lazarus & Folkman, 1984).
Substance use does not typically resolve problems in living, but instead blunts adverse emotional
experiences, and so it can be viewed as maladaptive, emotion-focused coping. By comparison to
other emotion-focused coping strategies, substance use poses the added burdens of tolerance and
withdrawal symptoms. Coping is often considered one of the five main motivators for cannabis
use and is endorsed by both recreational and medical users (Bohnert et al., 2018; Simons et al.,

1998).

Cannabis is commonly used to treat each of the aforementioned conditions, pain, sleep,
depression, and anxiety, but as previously discussed, the causal and maintenance factors of these
disorders are broad, and complicated by the common presentation of these conditions in some
combination. Whether or not individuals meet full diagnostic criteria for a disorder characterized
by these conditions, day-to-day fluctuations in basic symptoms is likely. In combination, these
findings indicate several clear research goals. First and foremost, more high-quality clinical trials
examining efficacy of therapeutic cannabis for medical and mental health disorders, including
sleep impairment and chronic pain, are markedly necessary. The second implication is that,
though poor mental health is a common justification for medical cannabis use, this is a complex
issue whereby consideration of various comorbidities and motivations for use may be imperative
in the process of making treatment decisions- A third implication is that mental health outcomes
among older adults may be partially improved by cannabis to the extent that it positively affects
sleep quality and pain management. Consideration of patients’ motives for use and clinical

profile as determined by a thorough medical and psychological screener may constitute a key
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component in the medical cannabis prescription process to maximize benefits and minimize
iatrogenic effects among all patients, but especially older adults. Integration of these findings
resulted in the conceptual framework (Figure 1), whereby investigation of the effects of cannabis
use on pain, sleep quality, and mental health symptoms will be explored within subjects at the
daily level to establish a clear profile of real-time changes in symptomology before and after

cannabis use.

Interrelatedness of Pain, Sleep, and Mental Health, and the Theorized Role of Cannabis
The influential roles of pain, sleep, and mental health as a trifecta may follow similar

patterns to the dual relationships described previously. Studies that examine this interplay of
symptomology often involve patients with fibromyalgia, a chronic pain condition. Among
fibromyalgia patients, early morning reports of poor sleep the previous night have been
associated with greater functional disability later in the day, mediated by pain and positive affect,
but not negative affect (Kothari et al., 2015). Furthermore, increased levels of pain led to lower
positive affect, which then predicted functional impairment (Kothari et al., 2015). Among adult
chronic pain patients in general, poor sleep can exacerbate both negative mood and pain, and
negative mood mediates the relationship between sleep and pain (O'Brien et al., 2010). The
reverse relationship has been demonstrated in community-dwelling older adults, whereby pain

inconsistency predicted some aspects of poor sleep, partially mediated by depression (Ravyts et

al., 2019).

Investigations of symptom reduction among older adults using medical cannabis for pain
and related symptoms (often anxiety, depression, and sleep problems) is an emerging research
target. This thesis seeks to address a gap in the literature involving both the interplay of these

symptoms, and specifically, the relationship of these things among cohorts restricted to middle-
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aged and older adults. As previously discussed, cannabis appears to influence changes most
consistently in chronic pain, and older adults commonly endorse pain as a key motive for use
(Yang et al., 2021). One study (among adults ages 37-60, M = 47) found that increased sleep
duration at baseline (potentially itself an indicator of lower sensitivity to pain) and lower
depression scores predict greater reductions in pain at 12-month follow-up after medical
cannabis initiation (Aviram et al., 2021). This study was not without its limitations (dropout due
to inefficacy of medical cannabis, sample characteristics, etc.), but provides an interesting
starting point to an understanding of the potential interrelatedness of these symptoms and
prediction of cannabinoid efficacy in pain treatment. Another study evaluating the course of
chronic pain among individuals (N = 37; M = 54.87, SD = 14) initiating medical cannabis use
found reductions in pain after 3, but not 6 months, and related improvements in depression,
anxiety, and sleep quality (Gruber et al., 2021). Similarly, 12-month pain reductions in
fibromyalgia patients initiating medical cannabis use (N =323; M =52, SD = 13) have been
postulated to be explained by reductions in negative affect and improvements in sleep (Sotoodeh
et al., 2022), though again, this particular study was limited by a very high (75%) dropout rate,
and was not likely generalizable to all fibromyalgia patients, let alone all older adults with
various etiologies of chronic pain. Finally, another recent study among adults (M = 55.7, SD =
11.9) found short term improvements in anxiety, pain, and sleep among adults with chronic pain
initiating medical cannabis use, and longer term (3-month) maintenance of lower pain levels,
reductions in depression, and increased sleep quality, though no long-term improvements in
anxiety (Y. Wang et al., 2021). Given the limited, unclear evidence regarding these interactions

among cohorts of older adults, further exploration is warranted.
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The current study

The goal of this study was to examine the network of hypotheses indicated by Figure 1.

Specific hypotheses were as follows:

1.

Cannabis use will be negatively associated with (1.a.) post-use anxiety, (1.b.) post-use
pain, and (1.c.) post-use depression.

Post-use pain will be positively associated with both (2.a.) post-use anxiety and (2.b.)
post-use depression.

Post-use anxiety (a), post-use pain (b), and post-use depression (c) will be negatively
associated with sleep quality (3.a., 3.b., and 3.c., respectively), and (3.d.) cannabis use
will be indirectly associated with sleep quality via post-use anxiety, post-use pain, and
post-use depression.

Cannabis the prior day is associated with pre-use anxiety (4.a.), pre-use pain (4.b.),
and pre-use depression (4.c.), via mediated effects through post-use anxiety, pain,

depression, and sleep quality the prior night.
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Figure 1. Model depicting structural equation data structure for two nested analysis periods.
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METHODS

Participants

Participants were recruited nationwide through social media websites. Inclusionary
criteria required participants to be at least 55 years of age, hold a valid medical cannabis card in
their state of residence, own a smartphone, and currently use cannabis at least 3 times per week
at the time of data collection. Adults who were unable to consent, individuals who were not yet
adults, prisoners, and pregnant women were excluded. No other health-related exclusionary
criteria were used, as the goal of this study was to maintain external validity by accurately
capturing the psychological and medical functioning of the diverse population of medicinal
cannabis users. Each participant’s information was verified prior to enrollment with their state-

issued identification card, thus negating the possibility of multiple enrollments by one individual.

The final sample consisted of N = 106 English-speaking participants ranging in age from
55-74 years (M = 61.06, SD = 4.65), and was thus sufficiently powered (see power calculation
above). The sample was primarily White (n = 87, 82.86%), and female (66.67%), while 11.32%
identified as multiracial (n = 12), 2.86% Black (n = 3), 1.90% Asian American/Pacific Islander (n
= 2), and 1.90% indicated “other” or “do not wish to respond” (n = 2). Finally, 4.76% of the

sample (n = 5) endorsed Hispanic/Latino ethnicity.
Measures
Demographics

Demographic data collected for all participants included age, gender, race, ethnicity, and

years of education. Information about current medications was collected, but not included in
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present analyses. Finally, state of residence was verified for validation of the legality of

medicinal cannabis use, and medical cannabis card possession was recorded.

Cannabis use

Participants were asked to self-report a thorough history of cannabis use. Information
about cannabis use behavioral patterns were collected through questions about participants’ age
at the time of their initial use of cannabis, their number of days of lifetime cannabis use, number
of days of recent cannabis use, and primary reason for which they use cannabis (physical
symptoms, psychiatric symptoms, or both). The source from which cannabis was obtained and
the amount of money spent on cannabis were collected, as well as the typical level and highest
past-month level of intoxication, and time spent intoxicated from cannabis. At each assessment,
the amount of cannabis used since the previous assessment was collected. Participants were
asked what form(s) of cannabis they have used since the last prompt and were provided with the

29 e

options “Smoked, dried cannabis,” “vaped cannabis,” “edibles,” or “other.” Dependent upon this
answer, participants were prompted with the relevant combination of the following prompts:
“How many grams of cannabis did you smoke?”” “How many hits did you take when vaping
cannabis?” “How many milligrams of THC and CBD were in the edible you consumed?” “What
percent THC and CBD is the strain of cannabis you smoked?” and “What percent THC and CBD
is the cannabis product that you vaped?” Participants were then prompted to use an 11-point
scale to rate how high they were when they last used cannabis, and how high they were at that

moment. They were provided with a scale with anchors for O (completely sober), 1-3 (somewhat

high), 4-6 (moderately high), 7-9 (very high) and 10 (highest ['ve ever been).

Current symptoms
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At baseline, participants were provided with a list of psychiatric symptoms (anxiety,
worry, depressed mood, inability to experience pleasure, stress, difficulty falling asleep,
difficulty staying asleep, and difficulty functioning in day-to-day activities due to trauma) and
physical symptoms (cancer-related pain, neuropathic pain, abdominal pain, low back pain,
fibromyalgia, migraines or headaches, rheumatoid arthritis, gastrointestinal pain, muscle aches
and pain, muscle spasms, joint pain, and osteoarthritis) commonly endorsed by medicinal
cannabis users and asked to rate the intensity with which they experienced these symptoms
within the past month. Items were rated in intensity using an 11-point numeric scale ranging
from 0 (none) to 10 (severe). During the EMA portion of the study, participants were provided
with the same psychiatric symptoms and scales and asked about the intensity with which they
were “currently experiencing” these symptoms, which has previously been shown to adequately
capture negative affect (De Leon et al., 2020). Participants were asked to rate their current
overall pain using the same 11-point scale, then were provided with descriptions of different
types of pain - for example, “Deep pain (located deep within the body)” and “Sharp pain (feels
like a knife, like a spike, piercing, etc.)” — and asked to rate the severity of each type of pain on
the 11-point scale. Final analyses included pain, as indicated by participants’ rating of overall
pain on the 11-point scale; depression, calculated as an average of scores on the items “sad,”
“depressed,” and “blue”’; and anxiety, calculated as an average of scores on the items “anxious,”

“nervous,” and “worried.”

Sleep Quality

Information about participants’ quality of sleep the previous night was collected via
questions adapted from the Pittsburgh Sleep Quality Index (PSQI). The PSQI is a self-report

instrument intended for use in clinical populations. It contains 19 items assessing sleep quality
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and disturbances over a one-month time period (Buysse et al., 1988). When administered to

adults aged 20-83 with and without sleep complaints, the PSQI has demonstrated acceptable
internal consistency (o = .83), test-retest reliability, and validity (Buysse et al., 1988). However,

for the present study, a modified version was implemented. Participants were asked to
subjectively rate the previous night’s sleep quality, current subjective tiredness, and they were
asked to report on various aspects of the timing of their sleep the previous night (“what time did
you fall asleep last night?”, “how many times did you wake up last night?”, etc.). Sleep
efficiency was calculated by dividing total minutes asleep by total time in bed. Sleep efficiency,
subjective sleep quality, and tiredness were then averaged to create an overall metric, hence forth

referred to as sleep quality. This sleep quality variable was used in final analyses.

Procedures

Prior to initiation of this study, approval from the Institutional Review Board at the
University of Central Florida was obtained. The present study utilizes data from a larger research
project funded by the Consortium for Medical Marijuana Clinical Outcomes Research.
Information about this study was advertised to a national audience on social media websites,
such as Facebook, stating that medicinal cannabis users may be able to earn up to $100 if they
qualify for this study. Participants were provided with a link to complete an initial screening
survey (Phase 1) in order to determine if they qualified for participation in Phase 2 of the study.
This survey included an initial assessment of demographics, medical cannabis card holder status,
frequency and recency of current cannabis use, The Cannabis Use Disorder Identification Test —
Revised, CUDIT-R (Adamson & Sellman, 2003); Brief Marijuana Consequences Questionnaire,
BMAC-Q (Simons et al., 2012); Protective Behavioral Strategies for Marijuana scale, PBSM

(Pedersen et al., 2016); a 10-point intensity scale of symptoms commonly treated with medical
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cannabis, motives for using medical cannabis; Pittsburgh Sleep Quality Index, PSQI (Buysse et
al., 1988); General Anxiety Disorder-7, GAD-7 (Beard & Bjorgvinsson, 2014; Spitzer et al.,
2006); The Alcohol Use Disorder Identification Test, AUDIT (Saunders et al., 1993); The Drug
Use Disorder Identification Test, DUDIT (Berman et al., 2002); (notably, many of these items
were not used in present analyses, but are described for transparency regarding participant
experience and mental load) as well as captcha and multiple validity checks mixed throughout
the items in these measures. Participants were asked to provide their phone numbers if they

wished to be contacted about Phase 2.

After completion of the screening survey, the research team contacted eligible
participants to schedule an enrollment meeting. Those who elected to participate completed a 30-
minute video call via a secure online platform with a research team member in which informed
consent was obtained. Participants were offered monetary incentive for completion of random
interval assessments and morning assessments in the form of a gift card after completion of the
study ($1 per random assessment with a $10 bonus offered to those who hit the 80% completion
rate, for a total of up to $100). It was made explicitly clear that monetary compensation would
not be given for the completion of event-contingent prompts, so as not to compensate for

increased patterns of cannabis use.

All eligible, consented participants were given a sample survey to complete. The link to
the survey was texted to each participant during the call. Throughout the next 14 days,
participants were periodically prompted via text message to answer questions about their most
recent cannabis use(s), products, concentrations, and quantities used, motivations for use, and
mood, pain, and sleep quality in their natural environments in real time through ecological

momentary assessment (Shiffman et al., 2008). Prompts are described in detail below. One

27



morning assessment was sent per day, followed by a link to the event-contingent assessments in
the morning. Subsequently, five random assessments were sent throughout the day. In the early

evening, one reminder text was sent with links for the event-contingent assessment.

Morning Assessment

Texts with a link to the morning survey were sent daily, followed by one reminder text
prompting participants to “please try to complete this assessment within the next 15 minutes.”
First, participants were asked about cannabis use the prior night. If use was endorsed,
participants were prompted to report last-session cannabis use motives, cannabis quantity, route
of administration, and THC/CBD concentration. Morning assessments included the following
measures: a subjective 10-point “highness” scale, EMA-adapted PSQI, physical and psychiatric
symptoms experienced yesterday, current motives for using cannabis, EMA-adapted B-MACQ,

current mood assessment items, and current craving for cannabis.

Random-Interval Assessment

Five random assessment text messages were sent throughout the day, each followed by a
prompting text requesting the participant to complete the survey within the next 15 minutes.
Similar to the morning assessments, at each random-interval assessment, participants were
prompted to report whether they had used cannabis since their last assessment. If they reported
use since the last assessment, they were asked to report last-session cannabis use motives,
cannabis quantity, route of administration, and THC/CBD concentration. All participants were
then prompted with the following measures: subjective 10-point “highness” scale (the key
independent variable), current physical and psychiatric symptoms, current motives for cannabis

use, current mood assessment items, and current craving for cannabis.
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Event-Contingent Assessment

The event-contingent assessment text messages read as follows:

“Please make sure to complete this pre-use and post-use survey each time you use

cannabis today.
Pre-use survey: (link)
Post-use survey: (link)”

No time-sensitive reminder messages followed this message. Instead, this message was
sent twice per day, so participants retained easy access to event-contingent surveys throughout
the day. The pre-cannabis use survey included current mood assessment items, current craving
for cannabis, current physical and psychiatric symptoms, and current motives for cannabis use.
Post-cannabis use surveys include current mood assessment items, current craving for cannabis,
current physical and psychiatric symptoms, motives for the most recent cannabis use session,
cannabis use quantity, route of administration, 10-point subjective “highness” rating, and

THC/CBD concentration.

Deviations from Hypothesis 2
Hypothesis 2 originally posited a prospective relationship between pain and anxiety and
depression. However, an examination of the data indicated adding an additional Epoch would be
potentially problematic given the proximity of use, pain, and depression and anxiety ratings.
Thus, we clustered pain, depression, and anxiety in the same Epoch and allowed them to covary.

Below, we report the correlations between these variables.
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Statistical Analyses

A fully within-subject multilevel structural equation model was specified in Mplus§.4.
The model was broken up into four epochs based on temporal precedence. The initial time epoch
(1) of the model began with the individual’s cannabis use, which was assessed subjectively based
on a person’s rating of cannabis intoxication. The second epoch (2) consisted of post-use anxiety,
post-use pain, and post-use depression averaged across the day before the individual went to
sleep. At the morning assessment the following day (epoch 3), individuals provided data on their
sleep for the prior night (time in and out of bed, time spent asleep and awake, subjective
tiredness and sleep quality). From this, the final metric of sleep quality was calculated. Finally
(epoch 4), participants provided ratings of anxiety, pain, and depression throughout the day up
until the point that they began cannabis use again (these are referred to as “Pre-use” items). Once
cannabis use was initiated on this second day, the cannabis use marked the start of a new series

of four epochs.

Figure 2 specifies the direct, indirect, and total effects calculated. Notably, due to
multiple insignificant direct pathways contained in initially hypothesized indirect effects, some
indirect effects were omitted. Final statistical calculations deviated slightly from the initial
hypotheses; thus, the power analysis (detailed in the following section) reflects the previously
specified model paths. Direct effects from symptomology in Epoch 2 (post-use anxiety, post-use
pain, and post-use depression) to their respective (pre-use) counterparts in Epoch 4 were
included to reduce multicollinearity within the model. Indirect and total effects of cannabis use
(Epoch 1) on sleep quality through post-use anxiety, post-use pain, and post-use depression
(Epoch 2) were calculated. Indirect pathways were specified from cannabis use to (pre-use)

anxiety, pain, and depression in Epoch 4 through sleep quality (Epoch 3) only. Finally, indirect
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effects from cannabis use to each next-day symptom rating through the previous day’s ratings of
the respective symptom were calculated for all 3 symptom domains (i.e., Epoch 1 cannabis to

Epoch 2 post-use anxiety to Epoch 4 pre-use anxiety; see Figure 2).

Day 1, Post- Cannabis Use Day 2, Pre- Cannabis Use
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Figure 2. Pathway labels used for calculation of indirect effects.

Note. Indirect and total effects were calculated as follows: CINDANX = (d*g), CINDPAIN = (#*e), CINDDEP
= (i*f), CTOTS = (g*d)+(j)+(h*e)+(i*f), C NDANX = (g*k), C NDPAIN = (j*b), C_ NDDEP = (i*m),
CS_ANX = (j*a), CS_PAIN = (j*b), CS_DEP = (j*c); Where CINDANX = the indirect effect of
cannabis on sleep through post-use anxiety, CINDPAIN = indirect effect of cannabis on sleep through
pain, CINDDEP = indirect effect of cannabis on sleep through depression, CTOTS = total effect of
cannabis on sleep, C NDANX = indirect effect of cannabis on Epoch 4 (pre-use) anxiety through
Epoch 2 (post-use) anxiety, C_NDPAIN = indirect effect of cannabis on Epoch 4 (pre-use) pain
through Epoch 2 (post-use) pain, C NDDEP = indirect effect of cannabis on Epoch 4 (pre-use)
depression through Epoch 2 (post-use) depression, CS_4NX = indirect effect from cannabis (Epoch 1)
to sleep (Epoch 3) to (Epoch 4) pre-use anxiety, CS_PAIN = indirect effect from cannabis (Epoch 1) to
sleep (Epoch 3) to (Epoch 4) pre-use pain, and CS _DEP = indirect effect from cannabis (Epoch 1) to
sleep (Epoch 3) to (Epoch 4) pre-use depression.

Power Analysis

A Monte Carlo simulation was conducted in Mplus, version 1.8.8, to determine the
number of observations needed to adequately power the initially proposed model. 1,000 chain

replications were used for this simulation. The proposed sample included 100 participants with
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14 days of data maximum for each person. Considering estimated rates of attrition and non-
response, N = 900 useable observations were assumed. Given the lack of (and inconsistency of)
established effect sizes for the proposed pathways within subjects, despite abundant literature
detailing relatively robust findings regarding these effects between subjects, a minimum
detectable effect size approach was taken for this power analysis (Snijders, 2005). It was
assumed that the variance accounted for (R?) by this model would be no more than 40% for each
variable of interest (subjective effect of cannabis, pain intensity, sleep quality, depressive
symptoms, and anxious symptoms), thus making each of the respective residual variances 60%.
It was specified that with 14 days of data, 100 individuals, and an ICC of roughly .50 (range: .40
-.60) effect sizes of at least » = .10 would be necessary for direct effects to be sufficiently
powered to detect these effects at .80 or greater. Furthermore, to achieve adequate power within
the indirect pathways, an effect size of » = .15 was assumed for the relationship between post-use
pain and sleep quality. As previously described, findings of an association between pain and
sleep are relatively robust. Past literature shows that among patients seeking treatment for
chronic pain, pain and sleep disturbance correlate at » = .26 (McCracken & Iverson, 2002), so

our estimate of » = .15 remains acceptable for this conservative model.

Indirect effects were calculated for cannabis use on Day 1 through each of the three
primary outcome variables on Day 2 (pre-use pain, pre-use anxiety, and pre-use depression).
Figure 3 depicts labeled pathways and formulas used to calculate each indirect effect included in
the power analysis. Power was adequate for each pathway (Figure 3: a through k), ranging from
.84 to .99. Additionally, the indirect effects of cannabis use on pre-use anxiety, pre-use pain
intensity, and pre-use depression were adequately powered at .81, .82, and .80, respectively.

Notably, this power analysis is somewhat inconsistent with the final model. While the
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autoregressive effects of day 1 symptoms (pain, sleep, anxiety) on the corresponding day 2
symptoms were anticipated, these effects do not reflect the principle goal of the study and thus,

they were not considered when estimating necessary power.

Day 1, Post-Cannabis Use Day 2, Pre-Cannabis Use
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Figure 3. Pathway labels used for power analysis calculation of indirect effects.

Note. Indirect effects included in the power analysis were calculated as follows: INDANX = (a*d*h) + (a*k*j)
+ (a*k*g*h) + (a*e*i) + (a*e*f*h); INDPN = (c*d*h) + (c*k*j) + (c¥*k*g*h) + (c*e*i) + (c*e*f*h);
INDDEP = (b*d*h) + (b*k*j) + (b*k*g*h) + (b*e*i) + (b*e*f*h); Where INDANX = indirect effect on
pre-use anxiety, INDDEP = indirect effect on pre-use depression, and /NDPN = indirect effect on pre-
use pain.

Diversity Considerations
Goals of this project were to represent the population of adults over age 55 who legally
use medicinal cannabis. Because there were no specific hypotheses intended to contrast
motivations or patterns of use between ethnic or racial populations, correspondingly, no specific
effort was made to power the sample for analyses examining such hypotheses. A standard
approach to cultural competency utilizes the ADDRESSING framework, which emphasizes how

various diversity considerations (which may often go overlooked) should inform a
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multiculturally competent approach to working with individuals across the U.S. (Hayes, 2016).
The present study did not seek to stratify subjects by sexual minority status, religion,
socioeconomic status, or disability, as these may vary and did not directly relate to primary
hypotheses. Furthermore, the primarily white, female composition of the present sample
precluded between-subjects analyses stratified by demographics. Table 1 (descriptive statistics)
addresses the demographic characteristics of involved participants, however, the goals of the
present study were to capture temporal changes in symptomology at the within-subjects level,
which does not allow for stratification by demographic covariates, though these questions should

be explored in future studies.

Notably, cannabis use has long been associated with racial disparities. Changes to the
legal status of cannabis in the mid-to-late twentieth century coincided with increasing negative
stigma surrounding cannabis and its consumers. These laws have disproportionately impacted
individuals in minority groups. Despite similar rates of use among both black and white
individuals, between 2001 and 2010, it was found that a Black person was 3.73 times more likely
to be arrested for cannabis possession than a white person (Bunting et al., 2013). Furthermore,
disparities of this nature are not attributable to differences by racial group in drug use/sales,
community context, or nondrug offending (Mitchell & Caudy, 2013). Though these issues have
not been resolved, in recent years, cannabis decriminalization has helped to reduce rates of arrest
for possession by over 70% among adults and helped reduce the racial disparity in arrests by
17% (Gunadi & Shi, 2022). These considerations do not reflect the goals of this manuscript, but
they do impact the broader environment in which cannabis is prescribed and accessed, and thus

represent future directions for research on cannabis use among older adults.
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Ethical Considerations

Cannabis use in general, as well as for medicinal purposes, comes with certain ethical
considerations, as does research conducted with older adult populations. As detailed previously,
the legality of cannabis varies by state and by type of use (i.e., medicinal or recreational). Present
protocol required participants to provide verification of medical cannabis card possession
corresponding with their official state of residency, as confirmed by brief visual checks of
participants’ state-issued ID and medical cannabis authorization card. Therefore, to avoid any
potential entrapment of participants, it was confirmed that all were using cannabis legally, thus
omitting the potential of participants obtaining cannabis illegally to establish eligibility for
participation in this study. Furthermore, utilization of medical cannabis comes with certain risks,
such as worsened respiratory functioning, development of COPD, and increased risk of motor
vehicle crashes (National Academies of Sciences Engineering and Medicine, 2017). The research
protocol was designed and conducted with language addressing and describing a suitable
response in the event of an adverse outcome such as those described above. Finally, working
with older adult participants warrants certain precautions, such as ensuring the mental capability
to consent to participate in research due to concerns of age-related cognitive decline and an
increasing prevalence of Alzheimer’s Disease and related dementias with increased age. In the
present study, adults of age 55 and above were recruited. The base rate of dementia occurrence at
and below age 60 is estimated to be approximately 1.0% or less (Vieira et al., 2013), though it
does increase throughout the next few decades of the lifespan. Among adults aged 70-74, the
2019 prevalence was approximately 2.0%, with steady increases over the consecutive decades
(Freedman et al., 2021). An IRB-approved procedure was employed to identify those who could

provide consent. Consideration of higher multimorbidity rates is a relevant concern when
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working with older participants, especially given the influence medicinal cannabis use could
have on such conditions. Because participants possess a medical cannabis card, their use of
cannabis is consistent with the standards of care in their respective state. Protocol was approved

through the Institutional Review Board at the University of Central Florida (STUDY00004816).

RESULTS

Descriptive Statistics

The final sample consisted of 106 participants in total, with 1,100 independent
observations representing participants’ cannabis use days (one observation was defined as a
single data analysis period, Epochs 1-4). See Table 1 for descriptive statistics.

Primary Analysis

A fully within-subject multilevel structural equation model was specified in Mplus§.4.
The model was broken up into four epochs based on temporal precedence. The model fit the data
well (33(10) = 12.30, p = .27, RMSEA = 0.014; CF1 = 0.997; TLI = 0.99; SRMR = 0.02). Age
was initially added as a level 2 covariate on all variables; however, none of these paths were
significant and thus they were removed to reduce model complexity. Interclass correlations for
each of the variables in the model were as follows: subjective intoxication ICC = 0.58. The ICC
for sleep was 0.46, for post-use anxiety was 0.70, pre-use anxiety 0.71, post-use depression 0.72,
pre-use depression 0.75, post-use pain 0.86, and pre-use pain 0.87. Significant effects are
discussed below, reflected in Figure 4, and the final model is included in Table 2.

Consistent with hypothesis 1, cannabis intoxication in Epoch 1 was negatively associated
with anxiety (b =-0.04, SE = 0.02, p = .005), pain (b =-0.10, SE =0.02, p <.001), and

depression (b =-0.03, SE = 0.01, p = .013) in Epoch 2. Another direct pathway was included
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from cannabis use to sleep quality, though this was not statistically significant (b =-0.01, SE =
0.02, p = .63). Hypothesis 2 originally specified direct pathways from post-use pain to both post-
use anxiety and post-use depression, respectively, though all three observations overlapped in
Epoch 2. These pathways were instead specified as correlated (given they occur in the same
epoch), which helped reduce multicollinearity and improved model fit. The correlation between
post-use depression and post-use anxiety was » = .58 (p <.001). The correlation between post-
use depression and post-use pain was » = .24 (p <.001). The correlation between post-use pain
and post-use anxiety was » =.30 (p <.001).

Hypothesis 3 was partially supported. Post-use anxiety (Epoch 2) significantly predicted
sleep quality in epoch 3 (b =-0.20, SE = 0.09, p = .03). Furthermore, there was a significant
indirect effect of cannabis use (Epoch 1) on sleep quality (Epoch 3) through post-use anxiety
(Epoch 2) (b =0.008, SE = 0.004, p = .046). Other pathways predicted by hypothesis 3 were not
statistically significant — neither post-use pain nor post-use depression predicted sleep quality,
and thus, indirect effects from cannabis to sleep quality through each of these symptom domains
was not statistically significant. Direct effects from sleep quality to pre-use anxiety, pain, and
depression were not statistically significant, and thus, the hypothesized indirect effects from
cannabis use (Epoch 1) through pre-use symptoms at Epoch 4 were not statistically significant,
indicating no support for Hypothesis 4. In the final model, 2 additional indirect effects were
specified. There was a significant indirect effect of cannabis use on pre-use (Epoch 4) anxiety
through post-use (Epoch 2) anxiety (b =-0.02, SE = 0.01, p = .043), and a significant indirect
effect of cannabis use on pre-use (Epoch 4) depression through post-use (Epoch 2) depression (b

=-0.02, SE=0.01, p = .024).
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Figure 4. Final model demonstrating unstandardized direct effects.

Note. Solid lines indicate significant relationships (p <.05).

Table 1. Descriptive statistics for demographic information.

Mean (SD) or % Range

Age 61.06 (4.65) 55-74
Sex (% female) 66.67%
Race

White 82.86%

Black 2.86%

Asian American/Pacific Islander 1.90%

Multiracial 11.32%

Other/Do not wish to respond 1.90%
Hispanic/Latino ethnicity 4.76%
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Table 2. Within-subjects multilevel structural equation model results.

Model Parameters B (SE) p 95% C.I.
Intercepts
E1 Subjective high
E2a Post-use anxiety -0.00 (0.01) .708 (-0.02, 0.01)
E2b Post-use pain 0.00 (0.00) 217 (0.00, 0.00)
E2c Post-use depression -0.00 (0.00) 414 (-0.01, 0.01)
E3 Sleep quality -0.00 (0.00) 496 (0.00, 0.00)
E4a Pre-use anxiety 1.69 (0.09) <.001 (1.51,1.88)
E4b Pre-use pain 1.34 (0.18) <.001 (0.99, 1.69)
E4c Pre-use depression 1.50 (0.08) <.001 (1.34, 1.66)
Slopes: Direct effects
Elto E2a High on Post-use anxiety -0.04 (0.02) .005 (-0.07,-0.01)
Elto E2b High on Post-use pain -0.10 (0.02) <.001 (-0.14, -0.06)
Elto E2c High on Post-use depression -0.03 (0.01) .013 (-0.06, -0.01)
Elto E3 High on Sleep quality -0.01 (0.02) .628 (-0.04, 0.02)
E2ato E3 Post-use anxiety on Sleep quality -0.20 (0.09) 031 (-0.39, -0.02)
E2bto E3 Post-use pain on Sleep quality -0.02 (0.05) 721 (-0.13, 0.09)
E2c to E3 Post-use depression on Sleep -0.12 (0.12) 294 (-0.36, 0.11)
quality
E3 to E4a Sleep quality on Pre-use anxiety 0.08 (0.05) 091 (-0.01, 0.18)
E3to E4b Sleep quality on Pre-use pain -0.00 (0.112) 976 (-0.23,0.22)
E3 to E4c Sleep quality on Pre-use 0.03 (0.04) 462 (-0.05,0.12)
depression
E2ato E4a Post-use anxiety on Pre-use 0.45 (0.12) <.001 (0.22, 0.67)
anxiety
E2b to E4b Post-use pain on Pre-use pain 0.11 (0.26) 673 (-0.39, 0.61)
E2c to E4c Post-use depression on Pre-use 0.44 (0.11) <.001 (0.23, 0.66)
depression
Indirect effects
Subjective high (E1) on Sleep quality (E3)
E2a through Post-use anxiety 0.01 (0.00) .046 (0.00, 0.02)
E2b through Post-use pain 0.00 (0.01) 718 (-0.01, 0.01)
E2c through Post-use depression 0.00 (0.00) .268 (-0.00, 0.01)
Subjective high (E1) on Pre-use anxiety
(E4a)
E2a through Post-use anxiety -0.02 (0.01) .043 (-0.04, -0.00)
E3 through Sleep quality 0.00 (0.00) .645 (0.00, 0.00)
Subjective high (E1) on Pre-use pain (E4b)
E2b through Post-use pain 0.00 (0.00) 976 (0.00, 0.00)
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Model Parameters B (SE) p 95% C.1.
E3 through Sleep quality 0.00 (0.00) 976 (0.00, 0.00)
Subjective high (E1) on Pre-use depression
(E4c)
E2c through Post-use depression -0.02 (0.01) 024 (-0.03, -0.00)
E3 through Sleep quality 0.00 (0.00) .690 (0.00, 0.00)
Total Effects
Subjective high on Sleep quality 0.01 (0.02) .657 (-0.03, 0.04)

Note. Significant p-values are bolded.
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DISCUSSION

The goals of this study were to examine the role of medicinal cannabis use on the
interrelated symptoms of depression, anxiety, sleep, and pain within subjects at the daily level.
Results showed that the subjective effects of medicinal cannabis at the daily level predicted
subsequent changes in pain, anxiety, and depression. Furthermore, of all variables investigated at
Epochs 1 and 2 in the current study, only post-use anxiety predicted sleep quality (Epoch 3) that
night. Furthermore, cannabis exerted an indirect effect on sleep quality via post-use anxiety.
Contrary to initial hypotheses, neither post-use pain, post-use depression, nor cannabis use
directly predicted sleep quality the following night. Additionally, cannabis significantly predicted
both next-day pre-use anxiety and next-day pre-use depression through post-use anxiety and
post-use depression, respectively. Interestingly, cannabis also exerted a significant effect on sleep
quality through post-use anxiety, indicating that, while cannabis does not influence sleep directly,
it does alter anxiety levels, which subsequently influences the individual’s sleep the following
night. Specifically, as subjective high increased, anxiety levels decreased, and sleep quality

increased.
Metrics of cannabis use

Subjective high has been evaluated as a metric for cannabis consumption and prediction
of symptom relief in prior studies, though not without some caveats. For instance, some cannabis
products may not include THC, though they may still provide symptom relief via other
cannabinoids or plant-derived compounds, such as CBD (De Vita et al., 2022; Russo & Guy,
2006), thus limiting the range of utility for this variable. Analysis of secondary data using an 11-
point scale indicating subjective high, similar to that used in the present study, found that dosage
and percentage of THC consumed each accounted for about 2.5% of the variance in subjective
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high (Stith et al., 2023). This finding provides some support for our use of subjective high as a
continuous metric of cannabis use and its effect on symptomology and raises interesting
questions about the relationship between expectancies of use, product selection, dosing,
tolerance, and subjective perceptions of use. Findings reported by Stith et al. (2023) indicated
that, though THC is a strong predictor of symptom relief in some models, this effect is attenuated
by the inclusion of the perceived high variable, potentially suggesting that THC provides
symptom relief when individuals also experience a subjective high. However, perceived high and
concentration of THC were also significantly positively associated with increases in negative
side effects. They reported that, when controlling for dosage, route of administration, strain,
constituent cannabinoids, and starting symptom level, subjective high predicted improvements in
pain, fatigue, anxiety, and depression, but did not predict changes in sleep (Stith et al., 2023),
which is consistent with our findings.
Direct effect: Pain

Present findings are consistent with previous literature indicating some efficacy of
cannabis in the treatment of pain (Haleem & Wright, 2020; Hill et al., 2017; Moore et al., 2021;
L. Wang et al., 2021). The endogenous cannabinoid system may play a role in analgesia and
modulation of nociceptive thresholds (Haroutounian et al., 2021; Maayah et al., 2020), which
may explain the observed effect of cannabis on pain. Major methodological issues often limit the
confidence with which conclusions can be made regarding the effect of cannabis on pain (Moore
et al., 2021). Clinical trials tend to show small improvements in pain due to cannabis use (Hill et
al., 2017), albeit inconsistently. A recent review of randomized clinical trials (RCTs) found that
the changes in pain due to cannabis are small, case-specific, and specific to the route of

administration (L. Wang et al., 2021). Non-RCTs tend to report stronger effects of cannabis use
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on pain (Haleem & Wright, 2020), which aligns with present findings. The present study
demonstrated an effect whereby daytime changes in pain were directly related to cannabis use,
though these effects did not last through the following day, nor did they impact sleep. A recent
meta-analysis identified small but significant improvements in sleep among individuals using
cannabis for pain (versus placebo), with a comparatively stronger effect for those with non-
cancer pain than those with cancer-related pain (AminiLari et al., 2022). Contrary to some
previous evidence and the current hypotheses, cannabis only improved pain directly, but not

through improvements in sleep.
Direct effects: Depression and Anxiety

Present findings support prior evidence indicating a direct effect of cannabis on mood in
the moment among clinical samples (Cuttler et al., 2018; Wycoff et al., 2018), though these
results do not rule out the potentially causal influences of expectancy effects or symptom relief in
other domains. The present study specifically identified a pattern whereby anxiety and
depression levels were alleviated immediately following cannabis use, though these effects did
not last until the following day. Previous literature indicates that mood changes could be related
to the medical condition for which individuals endorse cannabis use — for example, when used
for the treatment of pain, new cannabis users demonstrate improvements in mood from baseline
on average (Y. Wang et al., 2021). The distinction between momentary improvement in
depressive and anxious symptoms and long-term mental health status is imperative in the
discussion of medical cannabis use. As previously mentioned, cannabis may be ineffective in
treating depression and may also serve as a risk factor for the development of a depressive
disorder (National Academies of Sciences Engineering and Medicine, 2017). Likewise, RCTs do

not support THC or CBD as effective treatment options for anxiety disorders (Stanciu et al.,
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2021). Momentary-level cannabis use patterns may differ from longer-term evaluations of its
efficacy in the treatment of mental health disorders. In one previous study, individuals perceived
momentary improvements in depression, anxiety, and stress after initiation of cannabis use
(Cuttler et al., 2018). When comparing tracked sessions across time, however, stress and anxiety
levels remained stable, and depression slightly increased (Cuttler et al., 2018). The current study
demonstrated similar momentary-level improvements in anxiety and depression after cannabis
use, and, interestingly, some lasting impact on next-day depression and anxiety through the
previous day’s depression/anxiety ratings. The relationships between the prior day’s cannabis use
and the following day’s mental health symptoms are most likely explained by the strength of the
relationships between the individual mental health symptoms across days, rather than any
meaningful, lasting impact of cannabis use on mental health across time, though these
conclusions are speculative. Overall, conclusions cannot be drawn about long-term maintenance,
improvement, or worsening of mental health as present data speaks only to smaller-scale day-

level effects.
Direct and Indirect Effects on Sleep

Contrary to hypotheses, findings did not indicate any direct effect of cannabis on sleep,
though cannabis exerted a significant indirect effect on sleep through reductions in anxiety.
Previous literature posits that cannabis may improve sleep among those with certain medical
conditions, such as pain, but not among healthy individuals, and effects may differ by
cannabinoid concentration and dosage (Babson et al., 2017; National Academies of Sciences
Engineering and Medicine, 2017; Velzeboer et al., 2022). The present study did not differentiate
cannabis use by product type, and the within-subjects nature of data analysis precluded between-

subject factor differentiation. Therefore, heterogeneity within the medical conditions being
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treated and the products used may serve as an explanatory factor for the lack of effect of
cannabis on sleep. Along these lines, the presence of specific sleep-related disorders was not
controlled for, though pathological sleep problems could have influenced the degree of
improvement in sleep or the efficacy of cannabis in sleep improvement. Estimates indicate
prevalence of sleep disorders among approximately 17% of men and 9% of women aged 50-70
(Peppard et al., 2013). Evidence for any therapeutic potential of cannabis in the treatment of
Obstructive Sleep Apnea is limited (National Academies of Sciences Engineering and Medicine,
2017), and use is cautioned against by the American Academy of Sleep Medicine due to limited
evidence of efficacy and risk of side effects like daytime sleepiness (Ramar et al., 2018).
Furthermore, sleep quality was measured via a modified version of the PSQI. While this metric
is a useful self-report measure of subjective sleep quality (Buysse et al., 1988), PSQI scores
appear to be either unrelated to objective sleep measures such as actigraphy and
polysomnography (Buysse et al., 2008; Scarlata et al., 2013), or only weakly correlated with
certain parameters of the objective measures. Therefore, present findings should not be
overgeneralized to indicate or disqualify cannabis use in the treatment of sleep disorders. These
factors all contextualize the complex relationships between sleep, sleep disorders, and cannabis
use, thus indicating several theoretical explanations for the lack of direct effects of cannabis on
sleep found in this study.

The influence of cannabis on sleep may be better explained through cannabinoid effects
on anxiety, rather than any inherent biological effects exerted on the sleep-wake system or sleep
disorders independently, as evinced by the indirect effect found in the present study. One
explanation of this is that sleep may be relatively unaffected by cannabis use, except to the extent

that cannabis influences anxiety. Thus, it may be that cannabis moderates anxiety symptoms
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acutely, which, among other symptoms of anxiety, improves sleep. These results do not suggest
cannabis as a panacea for sleep impairment beyond the context of anxiety. As previously
discussed, endogenous cannabinoids seem to exert both sleep-promoting and wakefulness-
promoting effects, and exogenous cannabinoids may modulate these effects through both
agonistic and inhibitory mechanisms, though the evidence is still inconclusive regarding whether
cannabis-related sleep improvements are directly related to the circadian system or indirectly
result from alleviation of other symptoms (Suraev et al., 2020). Similarly, the eCB system has
hypothesized roles in the serotonergic system (Cohen et al., 2019) and stress-regulation (Morena
et al., 2016), which could explain the reduction in negative affectivity seen with greater cannabis
intoxication. While the neurobiological basis of cannabinoid interaction with sleep and anxiety-
related processes is still not fully understood, the interaction of sleep and anxiety independently
of endogenous and exogenous cannabinoids lends context to the evident indirect effect.

A multitude of theories have attempted to capture the complex interplay between sleep
and anxious arousal. Co-occurrence of sleep disturbance and anxiety may be explained by a
common predisposition to hyperarousal (Stepanski & Rybarczyk, 2006), which cannot be ruled
out among the present sample. Furthermore, neurobiologically, serotonergic and dopaminergic
systems play important regulatory roles in both sleep and affective processes, such that
disturbances in one domain may impact the other (Harvey et al., 2011). Thus, a transdiagnostic
model of sleep proposes that sleep disorders and psychiatric disturbances are uniquely
intertwined, and often have reciprocal relationships that may potentiate disturbances in both
(Harvey et al., 2011). As previously discussed, sleep problems and affective disturbance are
commonly and effectively treated together by targeting one of the two symptoms, using methods

such as CBT-I (Sadler et al., 2018). Given this evidence, our finding that alleviation of anxiety
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via cannabis use leads to improvements in sleep the following night may represent a similar
phenomenon whereby cannabis effectively reduces anxious arousal, thus breaking the vicious

cycle of anxiety and sleep disturbance, at least at the daily level.
Expectancies and Other Considerations

Present findings of cannabis efficacy may be attributable to any of multiple explanations,
including cannabis-related expectancies, pharmacological effects of cannabinoids, or other latent
mediating factors, such as the release of muscle tension. Expectancy is a term often used within
the substance-use literature to refer to one of many cognitive and neurophysiological
representations of past experiences that influence future behavior (Del Boca et al., 2002). Within
the alcohol use literature, expectancies are well-established as predictors of drinking behavior,
and they can even be targeted and changed to influence future behaviors (Del Boca et al., 2002;
Dunn et al., 2000). Prior studies have shown that expectancies related to a multitude of
substances can influence outcomes. One study evaluating remifentanil, an opioid, for pain
demonstrated that positive drug expectancies can enhance analgesia, while negative expectancies
can abate it (Bingel et al., 2011). The same phenomenon may apply to analgesia associated with
cannabis use. Prior placebo-balanced research has demonstrated that expectancies play a role in
the relationship between CBD and pain reduction (De Vita et al., 2022). Metrics of cannabis
expectancies related to medical symptoms and symptom changes constitute an emergent area of
research. One recently developed measure, the CEEQ-M, demonstrated a 2-factor structure of
medical cannabis expectancies: symptom relief and unusual beliefs (Weiss et al., 2023). Notably,
in this study, baseline expectancies did not predict symptom change; authors also note that while
their questionnaire was focused on medical expectancies, users’ comprehensive cannabis

expectancies may have been formed based on experiences with both medical and recreational
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cannabis (Weiss et al., 2023). Furthermore, expectancies were somewhat stable in that study, and
while conclusions could not yet be drawn about the persistence of expectancies despite
disconfirming evidence, authors note that this may constitute an area of clinical concern (Weiss
et al., 2023). While the direct impact of cannabis-related expectancies on symptom change
among medical cannabis users is still understudied, it is possible that present findings could have
been confounded by participants’ expectations for symptom change.

Consideration of tolerance, withdrawal, and adverse events prior to the initiation of
medicinal cannabis is especially important among older adults, many of whom may experience
polypharmacy and multimorbidity. Precautions should be taken with these populations as some
contraindications of cannabis use include unstable cardiovascular disease, respiratory disease,
and potential interactions with certain medications — see MacCallum et al. (2021) for detailed
descriptions of contraindications. Concerns of tolerance and escalating patterns of use among
medical cannabis users should also be considered. Upon repeated administrations of
cannabinoids, their effects tend to be less pronounced, suggesting that persistent users are likely
to develop tolerance to cannabis (Colizzi & Bhattacharyya, 2018). The present study
demonstrated that the greater the reported level of intoxication, the more symptom relief the user
experienced, which may be interpreted as negative reinforcement of cannabis use. Prior research
indicates that medical cannabis users may be less likely than recreational users to endorse acute
adverse effects, but more likely to report unwanted withdrawal symptoms, though this effect
differed by age group — adults over 50 reported fewer effects in either category as compared to
younger adults (Sexton et al., 2019). While older adults using medical cannabis tend to report

fewer adverse events than younger adults, some of these events can include dizziness, nausea,
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confusion, and hallucinations (Whiting et al., 2015), and thus should be monitored among these

populations.
Placing these Findings in the Context of this Cohort

Studies examining cannabis use and resultant pain and depression at the momentary level
to date have been sparse. Of those that exist, many do not address these phenomena in cohorts of
older adults, specifically. A review conducted by Wycoff et al. (2018) synthesized findings of
studies using EMA with clinical samples to evaluate depressive symptoms following cannabis
use and reported inconsistencies between studies. These studies involved young to middle aged
adults (mean ages all below 50) with bipolar, depressive, and/or borderline personality disorders,
and while two studies found that depressive symptoms decreased after use (Gruber et al., 2012;
Sagar et al., 2016), two others found increases in depressive symptoms after use (Trull et al.,
2016; Tyler et al., 2015).

Cannabis use and resultant changes in pain at the momentary level has been more often
investigated with older cohorts, though results are still mixed, and samples are somewhat
heterogeneous. At the within-subjects level, one study of adults (mean age 55.7, SD = 11.9)
initiating cannabis use demonstrated significant momentary reductions in pain (Y. Wang et al.,
2021). This study also found momentary improvements in anxiety and sleep, but not depression
(Y. Wang et al., 2021). However, another within-subjects analysis conducted with long-term
users (mean age 43.3, SD = 10.6) identified higher pain intensity predicting more cannabis use,
but failed to find a direct association of cannabis use with subsequent relief of pain symptoms
(Sznitman et al., 2021). Regarding the relationship between anxiety and sleep, the current results
were consistent with one previous EMA study utilizing a primarily younger adult sample ranging

in age from 21 to 70 years (M = 33.15), which also found within-subject improvements in sleep
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among individuals with heightened anxiety symptoms on cannabis use days, as compared to non-
use days (Sznitman et al., 2024).

A few explanations may be drawn to explain the similarities and differences between
these findings and the current study. Of particular importance is the distinctive age cohort
evaluated in the current study. The experience of chronic pain often differs by age, such that
younger adults are more likely to report pain due to injury and less likely to endorse
multimorbidity or treatment for their pain, as compared to older adults (Rustoen et al., 2005).
While momentary improvements in pain and depression were observed, these did not lead to
resultant changes in sleep. This could either (a) represent some unique component of cannabis
use that deviates from typical relationships between pain and sleep and depression and sleep
among non-users, (b) provide evidence that these effects are observed at the between-subjects,
but not within-subjects, level, (c) reflect some unique age-related differences in the momentary
trajectory of cannabis use and the resultant symptoms, or (d) be attributable to other
explanations, such as the mood circumplex model (Posner et al., 2005), whereby reductions in
anxiety (a high arousal state) may be explained as a mechanism for improvement in sleep (which
requires low arousal) whereas reductions in depression (a low arousal state) may not.

The current sample was exclusively age 55 and over, with a mean age of 61.06. The
impact of age on THC and CBD uptake, metabolization, and neurocognitive impact all represent
critical areas for future research. Inclusion of an age effect in this study produced unnecessary
model complexity without any substantive improvement in model fit or variance accounted for.
One possibility is that the modeled age effect in this sample was eroded by range restriction on
that variable, and another sample representing a broader range of ages may facilitate examination

of this effect. While it was thus analytically justifiable to exclude the age effect, future research
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should seek to better understand the prospective moderating influence of age on medical

cannabis efficacy and user experience.
Limitations

The present study is primarily limited by the nature of the sample and the metrics used to
indicate cannabis consumption and sleep quality. The sample size was adequate for the present
analysis, but the inclusion of a greater number of participants and/or days of cannabis use would
improve the likelihood of accuracy and representativeness of findings. Furthermore, recruitment
methods for this study facilitated the collection of a national sample and increased the feasibility
of participation for individuals living in rural areas or with other barriers to traveling to a study
site. However, given that the study was advertised on social media websites, the sample was self-
selected. Individuals who chose to participate in this study may have had numerous reasons for
doing so, but some may have biases (expectancies) that could influence their perception of
cannabis efficacy or their responses to survey questions. Finally, rather than expectancies or
pharmacological effects, some unspecified tertiary factors may explain our results, though these
cannot be accounted for based on available data. These may be due to other psychological or
physiological phenomena associated with cannabis use, such as coping and negative
reinforcement cycles leading to momentary reduction of negative affect, or reduction of muscle

tension leading to improved sleep.
Future Directions

Future studies should seek to replicate and clarify the nature of present findings, address
the limitations described above, and contrast present findings with the influence of cannabis
cessation or abstinence on sleep, pain, and negative affect. The present study did not differentiate

by pain subtypes, such as neuropathic, cancer-related, or pain from multiple sclerosis, despite
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previous findings indicating potential differences (Nugent et al., 2017), which therefore reflects a
future direction of investigation. Additionally, prior studies have demonstrated that cessation of
cannabis use can lead to worsened sleep (Babson & Bonn-Miller, 2014; Babson et al., 2017;
Cranford et al., 2017; Sullivan et al., 2022) especially in the short term, though among adolescent
and young adult individuals, a return to baseline and no difference in sleep as compared to
controls has been demonstrated after sustained abstinence of about 2 weeks (Sullivan et al.,
2022). Given the present indirect effect, this begs the question of how withdrawal may impact
pain and negative affect through worsened sleep. Withdrawal-induced sleep disturbances may
also increase the likelihood of resurgent cannabis use to alleviate symptoms (Babson & Bonn-
Miller, 2014), thus, if medicinal cannabis users choose to discontinue use, they and their
practitioners should be aware of potential withdrawal effects including worsened symptoms,
potentially among all three symptom domains. Even in the absence of acute withdrawal, the
current study did not evaluate sleep, affect and pain data on non-use days, thus, individual

differences in these symptoms on use and non-use days should be investigated in the future.
Implications

Results of this study and future studies within this emerging line of research may help
inform practitioners and patients in their decision-making regarding the utility of treatment with
medicinal cannabis. This study provided evidence for momentary improvements in symptoms of
pain, anxiety, and depression among older adults using for medical reasons, and uniquely
identified improvements in sleep only following reductions in anxiety, but not directly through
intoxication. These findings are largely limited by measures and the potential implications of
expectancy effects, and do not provide information about long-term outcomes for treatment, but

uniquely speak to the momentary patterns in medical symptomology at the acute, daily level.

52



Any substance can be overused, and this study (along with others like it) may help provide
groundwork for delineation between therapeutic use and problematic use by identifying ways in
which problem use may be maintained by momentary improvements in symptomology. Despite
its limitations, the results of this study contribute to a growing body of research evaluating the
efficacy of medicinal cannabis use for older adults and serve to help inform moderate use

guidelines for this population.
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