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Abstract

Recent studies have posited a relationship between cannabis use and the biological stress system, 

but this critical relationship has not been evaluated during the ultra high-risk (UHR) period 

immediately preceding the onset of psychotic disorders. Salivary cortisol samples were collected 

on 46 UHR and 29 control adolescents; these individuals were assessed for current cannabis use 

with a urine panel and self-report. UHR participants where separated into two groups: Current 

Cannabis Use (UHR-CU) and No Current Cannabis Use (UHR-NC). Healthy Control participants 

(HC) were free of cannabis use. Consistent with the literature, results indicate UHR individuals 

showed elevated cortisol levels when compared to HC participants. Further, we also observed that 

UHR-CU participants exhibited elevated levels when compared to both the non-using UHR and 

HC groups. Findings suggest that cannabis use may interact with underlying biological 

vulnerability associated with the hypothalamic-pituitary-adrenal (HPA) axis system.
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1. Introduction

The mean age of onset of psychotic disorders occurs during adolescence; a period that is 

characterized by significant changes to neurobiological systems (Walker et al., 2008) as well 

as exposure to substance use (Addington et al., 2014). Cannabis use is common during 

adolescence and the literature indicates that individuals who are at ultra high risk (UHR) for 
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developing psychosis have higher rates of cannabis use than their peers (Addington et al., 

2014). It has been suggested that cannabis use may play an important role in the etiology of 

psychosis (Moore et al., 2007), yet little is known about the relationship between cannabis 

use and neurobiological systems such as the hypothalamic-pituitary-adrenal (HPA) axis in 

psychosis development. In the general population, exposure to cannabis has been shown to 

affect the HPA axis as indicated by elevated baseline cortisol levels (King et al., 2011). 

Accumulating evidence suggests that the HPA axis is dysregulated in UHR youth (Aiello et 

al., 2012; Carol and Mittal, 2015; Walker et al., 2013); however, the relationship between 

cannabis use and HPA system activity has never been examined in a psychosis risk 

population. Understanding this relationship stands to inform the etiological 

conceptualization of psychosis risk and may refine efforts of early detection for adolescents 

exhibiting sub-threshold psychotic-like symptoms.

The HPA axis is one of the primary biological stress response systems that is activated by 

psychological and physiological stressors, and its activity is sensitive to a variety of 

psychoactive substances including cannabis (Ranganathan et al., 2009). The active 

ingredient in cannabis, delta-9-tetrahydrocannabinol (Δ-9-THC), binds to cannabinoid 

receptors (CB1) and activates the HPA axis, leading to increased levels of cortisol (Pagotto 

et al., 2006). Notably, the hippocampus participates in the glucocorticoid negative feedback 

system for de-escalating stress response of the HPA axis (Sapolsky et al., 1990), and it 

expresses a high density of cannabinoid receptors (Egertova and Elphick, 2000). HPA axis 

function is most commonly assessed through measuring cortisol levels and a variety of 

studies suggest that cannabis use may have different effects on the HPA axis depending on 

the type of cortisol measure or experimental manipulation that is utilized (Huizink et al., 

2006; King et al., 2011; Ranganathan et al., 2009; van Leeuwen et al., 2011). Increased 

cortisol levels in response to cannabis exposure in humans have been demonstrated in both 

lab based intravenous administration of Δ-9-THC and in recreational cannabis users 

(D’Souza et al., 2004; King et al., 2011; Ranganathan et al., 2009). Specifically, intravenous 

administration of increasing Δ-9-THC levels has been shown to raise plasma cortisol levels 

in a dose-dependent manner in healthy participants when cortisol was measured before and 

after the exposure to cannabis (Ranganathan et al., 2009). It has also been reported that 

chronic active cannabis users have higher basal salivary cortisol levels than non-users (King 

et al., 2011). Additionally, cannabis use has been associated with a blunted cortisol 

awakening response (CAR (Huizink et al., 2006; Monteleone et al., 2014), and lower HPA 

axis stress-reactivity (van Leeuwen et al., 2011). HPA axis dysregulation can have 

detrimental effects on mental health (Goodyer et al., 2001) and is specifically associated 

with chronic psychosis and UHR individuals (Carol and Mittal, 2015; Corcoran et al., 2003; 

Karanikas and Garyfallos, 2015).

As noted above, UHR individuals use cannabis at higher rates and frequency than controls, 

and this pattern is persistent over time (Addington et al., 2014; Buchy et al., 2015). 

Additionally, UHR individuals start using cannabis at a younger age and are more likely to 

use alone during the day when compared with their peers (Buchy et al., 2015). Research 

indicates that UHR individuals have more perceptual disturbances and worse functioning 

during periods of increased cannabis use (Corcoran et al., 2008), and positive symptoms are 

associated with the frequency of cannabis use (Buchy et al., 2015). Therefore, the 
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relationship between cannabis use and psychosis conversion has received increasing 

attention; however, results focusing on conversion as an outcome measure remain 

inconclusive. A review of studies examining UHR individuals indicates that two of ten 

studies have found a significant relationship between cannabis use and the transition to 

psychosis (Addington et al., 2014). Additionally, a recent meta-analysis suggests a dose-

response relationship between cannabis use and transition to psychosis as cannabis abuse 

and dependence, but not lifetime use, was associated with psychosis conversion (Kraan et 

al., 2016). This relationship remains complex (Rentzsch et al., 2016), and more research 

evaluating other domains outside of conversion is needed to better understand if and how 

cannabis use contributes to the transition to psychosis (Buchy et al., 2015).

Given that cannabis use affects the HPA axis (King et al., 2011; Ranganathan et al., 2009), 

and the high rates of cannabis use among UHR individuals (Addington et al., 2014), the 

examination of the relationship between cannabis use and HPA axis functioning could help 

clarify the role of cannabis as a risk factor for psychosis. Interestingly, in a study of healthy 

individuals, increasing intravenous doses of Δ-9-THC not only significantly increased 

cortisol levels, but also produced transient positive and negative symptoms, perceptual 

alterations, euphoria, anxiety, and cognitive deficits (D’Souza et al., 2004). Although 

patients with schizophrenia have a flattened cortisol awakening response after cannabis 

exposure (Monteleone et al., 2014), this relationship has not been examined in UHR 

individuals. Understanding the relationship between cannabis use and basal cortisol levels 

during the psychosis risk period has the potential to impact treatment efforts as cannabis use 

and HPA axis functioning could be targeted with specialized therapy.

In the present study, we evaluated if basal cortisol levels during the first half of the day in a 

laboratory setting are different across participant groups of UHR youth with Current 

Cannabis Use (UHR-CU), UHR youth with no current cannabis use (UHR-NC), and healthy 

control participants with no current cannabis use (HC). In addition, the association between 

cannabis use frequency and symptomatology was also examined. Based on prior research 

observing that cannabis use increases cortisol levels (Ranganathan et al., 2009), we predicted 

that the UHR-CU would exhibit higher cortisol levels compared to UHR-NC. Finally, on the 

basis of studies reporting a relationship between cannabis use and psychosis risk symptoms 

(Buchy et al., 2015), we also predicted that greater frequency of cannabis use would be 

associated with greater symptomatology (i.e. higher positive, negative, and disorganized 

symptoms).

2. Methods

A total of 75 participants (46 UHR and 29 controls) were divided into three groups: UHR 

with Current Cannabis Use (UHR-CU), UHR with no current cannabis use (UHR-NC), and 

healthy control participants with no current cannabis use (HC). Cannabis use was defined by 

the presence of THC in a urine screen and also by self-reported use of cannabis in the past 

month; both assessment strategies were employed to capture a range of more immediate and 

then longer-term use, respectively. Further, the urine panel helped to address concerns about 

over or under reporting (Carol and Mittal, 2014) and the self-report measure provided 

detailed data about frequency that was not possible to determine with the urine panel alone.
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2.1 Participants

Participants were recruited at the Adolescent Development and Preventative Treatment 

(ADAPT) research program (see Table 1 for demographic characteristics of this sample). 

Adolescent UHR and control participants (mean age=18.4) were recruited by a range of 

methods including Craigslist, e-mail postings, newspaper ads, bus ads, and community 

professional referrals. A community professional referral was not a requirement for UHR 

participants. Exclusion criteria included history of head injury, the presence of a 

neurological disorder, and lifetime substance dependence. The presence of an Axis I 

psychotic disorder (e.g. schizophrenia, schizoaffective disorder, schizophreniform) was an 

exclusion criterion for UHR participants. Other comorbid Axis I disorders were not 

exclusion criteria for UHR participants. Rates of current comorbid Axis I disorders in the 

UHR participants included 11(24%) mood disorders, 4(9%) PTSD, 18(39%) other anxiety 

disorders, and 4(9%) ADHD. Comorbid Axis I disorders are typical of UHR individuals and 

the present rates are comparable to other studies (Fusar-Poli et al., 2014). UHR individuals 

met criteria for a prodromal syndrome including: (a) recent onset or escalation of moderate 

levels of attenuated positive symptoms (a score of 3–5), and/or (b) a decline in global 

functioning over the last 12 months accompanying the presence of schizotypal personality 

disorder (SPD), and/or (c) a decline in global functioning over the last 12 months 

accompanying the presence of a first-degree relative with a psychotic disorder such as 

schizophrenia (Miller et al., 1999). Due to differences observed in basal cortisol levels in 

UHR individuals treated with medication and medication-free UHR individuals (Day et al., 

2014; Sugranyes et al., 2012), current neuroleptic medication was also an exclusionary 

criterion. Meeting for an Axis I disorder, the presence of a psychotic disorder in a first-

degree relative, a positive urine screen for tetrahydrocannabinol (THC), or self-reported 

cannabis use in the past month were exclusionary criteria for HC. The protocol and informed 

consent procedures were approved by the Institutional Review Board. The authors would 

also like to note that 31 out of the 75 participants included in the present study participated 

in a previous study at the ADAPT research program (Carol et al., 2016).

2.2 Symptom Assessment

The Structured Interview for Prodromal Syndromes (SIPS; Miller et al., 1999) was 

administered to diagnose a prodromal syndrome. As noted, UHR participants in the present 

study met criteria for a prodromal or high-risk syndrome. The SIPS gauges several distinct 

categories of prodromal symptom domains including positive, negative, and disorganized 

dimensions. A sum score for each category is used as an indicator of the respective 

dimensions of symptomatology. The Structured Clinical Interview for Axis-I DSM-IV 

Disorders (SCID-IV; First, 1995) was also administered to rule out formal psychosis in UHR 

participants and an Axis I disorder in the control group (noted exclusionary criterion). This 

measure has been demonstrated to have excellent inter-rater reliability in adolescent 

populations (Martin et al., 2000) and has been used in several previous studies focusing on 

adolescent populations with schizophrenia spectrum disorders (Howes et al., 2009). Training 

of interviewers (who were advanced doctoral students) was conducted over a 2-month 

period, and inter-rater reliabilities exceed the minimum study criterion of Kappa ≥ .80. The 

Beck Depression Inventory (BDI, Beck et al., 1996) and the Beck Anxiety Inventory (BAI) 

were used to measure self-reported depressive and anxiety symptoms.
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2.3 Cannabis

Cannabis use was measured through the rapid drug screen of a urine sample and the 

Alcohol/Drug Use Scale (AUS/DUS; Drake et al., 1996). A urine sample was screened for 

the presence of tetrahydrocannabinol (THC cutoff 50 ng/mL) utilizing Instant Technologies 

iCup (Norfolk, VA). The rapid drug screen has detection times up to one month and is 

commonly used in drug research (McRae-Clark et al., 2013). A study examining 

concordance between self-report and on-site urine screening for cannabis (using the same 50 

ng/ml cutoff as the present investigation) in adolescents meeting criteria for abuse/

dependence observed good consistency between urine panel results and self reported use in 

the last seven days (up to 94%) but noted that for reported use past one week, agreement 

dropped considerably (Buchan et al., 2002). Therefore, a positive urine screen was 

interpreted as indicating cannabis use in the past week. Urine analysis was not available for 

3 participants due to either a problem with the screening process or the participant being 

unwilling to provide a sample.

The AUS/DUS scale (Drake et al., 1996) was used to measure cannabis use and frequency in 

the past month according to participant report. This scale is among the most widely used in 

UHR programs (Buchy et al., 2015; Woods et al., 2009) and found to be highly reliable in 

psychosis populations (ICCs≥.93; Brunette et al., 2006). The scale has good convergent 

(Wusthoff et al., 2011) as well as face validity, directly asking “Please rate your use of 

cannabis in the past 1 month according to the following scale: 0 = “no use” to 5 = “almost 

daily.”

2.4 Cortisol

Three saliva samples were collected in the laboratory setting over the course of 2 hours 

(every 60 minutes) and all participants were assessed between 8:45am and 2pm. Based on 

our prior studies, saliva was collected utilizing a passive-drool method (Carol and Mittal, 

2015; Mittal et al., 2007; Mittal and Walker, 2011). The participants were not exposed to a 

stressor; the cortisol level indexed represents the participant’s cortisol secretion in the 

context of the novelty of the assessment. Participants were provided with written and verbal 

dietary instructions to observe the evening before and the morning of sampling. Instructions 

allowed a light breakfast but instructed participants to refrain from caffeine, alcohol, and 

nonprescription medications, as well as brushing teeth within 30 min prior to sampling. 

Subjects were questioned to confirm their compliance with the instructions and it was not 

necessary to exclude any participants on this basis. The saliva samples (75 μl) were stored in 

a −20C freezer until ready for assay. The Salimetrics High Sensitivity Salivary Cortisol 

Enzyme Immunoassay Kit (Salimetrics, LLC, College Park, PA) was used and following 

gold standard procedures, samples were subjected to duplicate analyses and the average of 

all points was calculated to yield the raw cortisol value. Participants with missing samples, 

samples with an extremely low value (<.007μg/dL; sensitivity cut-off value recommended by 

Salimetrics), and samples collected after 2pm were excluded from the study to avoid 

confounds with diurnal cycle.
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2.5 Statistical approach

Independent t-tests and chi-square tests were employed to examine differences between 

groups in respective continuous and categorical demographic variables. Based on an 

equation provided by Pruessner et al. (2003), mean cortisol values for each of the three 

sample points were used to calculate the total area under the curve with respect to ground 

(AUCg). This method was utilized to examine cortisol levels as the measure takes into 

account both sensitivity (the difference between the single measurements from each other) 

and intensity (the distance of these measures from ground) (Pruessner et al., 2003). One-way 

ANCOVAs controlling for age were employed to examine overall differences in cortisol 

levels across cannabis groups. Age is often controlled for in studies examining cortisol levels 

in adolescent and young adult populations to avoid any possible effect of age (Carol and 

Mittal, 2015; Mittal et al., 2007; Walker et al., 2013), and further, the UHR group was 

slightly older in this study. Separate ANCOVAs were run to examine the effect of cannabis 

across groups defined by the urine panel and self-reported cannabis use in the past month 

(UHR-CU, UHR-NC, HC). Post hoc independent t-tests were used to measure group 

differences in cortisol. Pearson correlations controlling for age were used to examine the 

relationship between the frequency of cannabis use and cortisol levels. Bivariate correlations 

were used to examine the relationship between cannabis use frequency and positive/

negative/disorganized symptoms. Spearman’s Rho correlations were employed to examine 

the association between cannabis use as defined by the urine screen and the noted variables 

of interest.

3. Results

3.1 Demographic and clinical characteristics

As noted, a total of 75 (46 UHR and 29 control) adolescents participated in the study. UHR 

participants were older [t(44)=2.90, p=.006] and there were no significant differences in 

years of education [t(44)=1.57, p=.123] or sex [χ2(1)=0.19, p=.813] between the UHR and 

control groups. As expected, the UHR group showed significantly more positive 

[t(55)=15.59, p<.001], negative [t(47)=9.65, p<.001], disorganized [t(47)=9.93, p<.001], 

depression [t(65)=5.72, p<.001], and anxiety [t(65)=7.74, p<.001], symptoms when 

compared with healthy controls. Demographic and clinical characteristics specific to UHR-

CU, UHR-NC, and HC can be viewed in Table 1.

Rates of current comorbid Axis I disorders in the UHR-CU group (for both urine and self-

report) included mood disorders: 6(35%)-urine, 7(25%)-self-report; PTSD: 1(6%)-urine, 

1(4%)-self-report; other anxiety disorders: 5(29%)-urine, 8(29%)-self-report; and ADHD: 

1(6%)-urine, 2(7%)-self-report. Rates for the UHR-NC group included mood disorders: 

5(19%)-urine, 4(22%)-self-report; PTSD: 3(12%)-urine, 4(22%)-self-report; other anxiety 

disorders: 9(35%)-urine, 7(39%)-self-report; and ADHD: 3(12%)-urine, 2(11%)-self-report.

3.2 Cannabis group differences in cortisol

Independent of cannabis use, the UHR group as a whole showed significantly elevated 

resting cortisol levels when compared with the HC adolescents, [t(73)=3.37, p=.001]. The 

UHR group was then divided into UHR-CU and UHR-NC to evaluate cannabis use.
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Based on the rapid drug screen of the urine sample, groups included 17 UHR-CU, and 26 

UHR-NC and 29 HC participants screened negative. To examine overall differences in 

cortisol across these groups, a one-way ANCOVA with group (UHR-CU, UHR-NC, HC) as 

independent factors, cortisol as the dependent variable, and age as a covariate, was 

conducted. The analysis revealed a significant effect of cannabis use in the past week on 

cortisol after controlling for age [(F(2, 68)=3.77; p=.028)] (see Figure 1). Post hoc analysis 

showed no significant difference between UHR-CU and UHR-NC [t(41)=.796, p=.206]), 

and significant difference between UHR-NC and HC groups [t(53)=2.37, p=.022]), and 

UHR-CU and HC groups [t(21)=2.86, p=.010]).

The same analyses were conducted based on self-reported cannabis use in the past month. 

The AUS/DUS scale revealed 28 UHR-CU, 18 UHR-NC, and 29 HC. Taken together, the 

results were highly consistent with findings from the urine panel. One-way ANCOVA 

analysis indicated a significant effect of cannabis use in the past month on cortisol after 

controlling for age [(F(2,71)=4.79; p=.011)]. Post hoc analysis indicated a trend level 

difference between UHR-CU and UHR-NC [t(43)=1.88, p=.066]), no difference between 

UHR-NC and HC [t(45)=1.60, p=.117]), and significant difference between UHR-CU and 

HC [t(40)=3.45, p=.001]).

3.3 Associations between cannabis use frequency, cortisol, and symptoms

Analysis in the whole sample revealed a trend level association between the frequency of 

cannabis use in the past month (0 = “no use” to 5 = “almost daily”) and cortisol levels (r=.

222, p=.057). There was no significant correlation in the UHR sample alone (r=.147; p=.

336). Symptom associations were examined in the UHR sample. Cannabis use in the past 

week defined by the urine screen was not significantly associated with positive (rs=.23, p=.

137) or (rs=−.08, p=.598) negative symptoms, and a significant associate with disorganized 

symptoms (rs=.31, p=.046) was observed. Self-reported frequency of cannabis use in the 

past month was also not related to positive (r=.09; p=.563), negative (r=−.20; p=.180), or 

disorganized symptoms (r=.10; p=.497).

4. Discussion

It is increasingly important to study cannabis use in UHR populations and examine specific 

factors that may contribute to HPA axis function and symptomatology, particularly in 

adolescence (Addington et al., 2014; Walker et al., 2008). To our knowledge, this is the first 

study to explore the relationship between cannabis use and basal cortisol in UHR 

adolescents. Consistent with previous research, our results show that UHR status alone, 

independent of cannabis use, is linked with elevated basal cortisol, when compared with 

HCs. Additionally, the results from the urine panel and self-report measure suggest that the 

use of cannabis in UHR individuals is associated with further elevations. Additionally, there 

was a trend level elevation when the UHR-NU group was compared to the HC group, and 

future studies are needed to determine if this is due to reduced power. While we cannot infer 

causality with this design (patients with higher levels of cortisol may be driven to seek out 

cannabis), taken together, the results highlight the potential that one mechanism by which 
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cannabis may confer risk for psychosis is through an interaction with a HPA axis 

vulnerability.

As indicated, in examining the relationship between cannabis use, cortisol levels, and UHR 

status, results emerged indicating a significant effect of cannabis use on cortisol across 

groups as determined by both a urine screen and self-reported use. These findings are 

consistent with and inform the literature indicating that UHR individuals have higher basal 

cortisol levels compared to healthy controls in laboratory settings (Belvederi Murri et al., 

2012; Carol and Mittal, 2015; Karanikas and Garyfallos, 2015). However, the root of stress 

hormone elevations in UHR individuals remains unclear as HPA dysregulation in this 

population has been linked to anxiety (Corcoran et al., 2012; Karanikas and Garyfallos, 

2015), suspiciousness (Corcoran et al., 2012), stressful life events (Labad et al., 2014), and 

stress intolerance (Karanikas and Garyfallos, 2015; Pruessner et al., 2013). A better 

understanding of how cannabis use may be related to HPA dysfunction in UHR individuals 

could clarify inconsistencies as UHR individuals use cannabis at higher rates and frequency 

(Addington et al., 2014; Ksir and Hart, 2016), and the current results indicate that UHR 

individuals who use cannabis have higher cortisol levels. Future studies should also examine 

how cannabis use relates to other aspects of HPA axis function, as patients with 

schizophrenia experienced a flattened cortisol awakening response after cannabis exposure 

(Monteleone et al., 2014) and UHR individuals show blunted CAR and morning cortisol 

levels during the first hour after awakening in a home setting (Carol et al., 2016; Day et al., 

2014).

The current study found that the frequency of cannabis use in the past month was positively 

associated with basal cortisol levels at a trend level of significance; therefore, results should 

be interpreted with caution. The direction of this trend result is consistent with prior work 

indicating that cannabis use is associated with higher cortisol levels in non-psychosis risk 

populations (D’Souza et al., 2004; King et al., 2011; Ranganathan et al., 2009). Additionally, 

chronic active cannabis users have higher basal salivary cortisol levels than non-users (King 

et al., 2011). Interestingly, there is also evidence indicating that chronic cannabis users show 

blunted cortisol reactivity (Ranganathan et al., 2009). Specifically, it has been demonstrated 

that intravenous administration of Δ-9-THC raises plasma cortisol levels in a dose-dependent 

manner, but frequent users show blunted increases relative to healthy controls (Ranganathan 

et al., 2009). As such, it has been theorized that chronic cannabis use could lead to the 

development of tolerance to the neuroendocrine effects of cannabis (Brown and Dobs, 2002; 

King et al., 2011; Ranganathan et al., 2009). Future longitudinal research specifically 

examining frequency of use in UHR individuals who are chronic daily users and lower levels 

of use is needed to better understand the possible implications of tolerance in this 

population. Additionally, the cannabis plant is immensely complex and can be bred to yield 

hundreds of strains, each with a unique cannabinoid profile (Lisdahl et al., 2014). 

Specifically THC and cannabidiol (CBD) are 2 cannabinoids that account for differences in 

plant varieties and a more nuanced understanding of the effects of these different 

cannabinoids in a UHR population could inform questions around tolerance (Hagerty et al., 

2015). More longitudinal studies with large sample sizes, a greater range in usage rates, and 

more specificity on cannabinoid type are needed before definite conclusions can be made.
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A significant relationship between cannabis use and positive and negative symptoms in our 

UHR group was not observed in the present study; however, a significant relationship with 

disorganized symptoms based on the urine panel was observed. This is inconsistent with 

previous research showing cannabis use was significantly associated with positive attenuated 

psychotic symptoms (Buchy et al., 2015). Additionally, longitudinal assessment has shown 

that UHR individuals with a baseline history of cannabis use experienced more perceptual 

disturbances and worse functioning during times of increased cannabis use (Corcoran et al., 

2008), and UHR users have more basic symptoms compared to UHR youth who do not use 

cannabis (Korver et al., 2010). Interestingly, a study investigating self-reported reasons for 

cannabis use by UHR individuals yielded enhancement of mood and social motives as 

primary reasons for cannabis use, whereas motivation for symptom relief was rare (Gill et 

al., 2015). Using cannabis for mood and social enhancement is consistent with reported 

reasons for use in first episode psychosis (Pencer and Addington, 2008), and the author’s 

interpretations were that negative symptoms might drive cannabis use in UHR individuals 

(Gill et al., 2015). In the current study neuroleptic medication was an exclusion criterion for 

UHR individuals. Therefore, it is possible that our UHR group was less symptomatic 

compared to groups in previous studies, making it difficult to observe relationships with 

symptoms. Future studies are needed to better understand this relationship between cannabis 

use and symptomatology and possible causal influences.

This is the first study to examine the relationship between cannabis use and HPA axis 

dysfunction in UHR individuals and the current results add to the understanding of potential 

environmental and biological risk factors of psychosis (Pruessner et al., 2017; Walker et al., 

2008). There is currently much debate and uncertainty around the causal role that cannabis 

use may play in the development of psychotic disorders (Buchy et al., 2015). A number of 

large longitudinal studies find that baseline cannabis use does not predict psychosis onset 

(Auther et al., 2012; Buchy et al., 2015; Buchy et al., 2014; Phillips et al., 2002); however, 

there is alternative evidence suggesting that cannabis use increases risk for psychotic 

outcomes (Moore et al., 2007). It is clear that early and heavy use of cannabis is more 

common in UHR individuals and the role and reasons for this use pattern is, at this point, 

uncertain (Ksir and Hart, 2016). A neural diathesis-stress model posits that an early 

biological vulnerability of the HPA system later interacts in the adolescent period with 

individual factors and environmental stressors, as well as normative and pathological 

neuroendocrine development, eventually leading to the onset of psychotic disorders such as 

schizophrenia (Pruessner et al., 2017; Walker et al., 2008). The present findings support this 

model and suggest that cannabis use could be an environmental stressor that interacts with 

underlying biological vulnerability of the HPA system in UHR individuals. However, future 

longitudinal studies are needed to better understand the causal relationship between these 

factors and to help the field understand how cannabis use is tied to the neuroendocrine 

abnormalities in part driving the disorder. This future work should specifically focus on 

understanding cannabis use and its potential links to etiology pathophysiology, 

compensatory strategies, disease consequences, or epiphenomenon (Appiah-Kusi et al., 

2016; Hill and Tasker, 2012).
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4.1 Limitations

The current approach has several strengths including use of both a urine screen and self-

report to measure cannabis use, a conservative assessment of cortisol (i.e., controlling for 

time/diet/exercise/contraceptives), and exclusion of individuals treated with neuroleptic 

medications. However, there were also several limitations that should be noted. While we 

were able to recruit UHR individuals who use cannabis, a history of lifetime substance 

dependence was an exclusion criteria and this limited our ability to evaluate chronic use. 

Future studies with larger samples and more chronic cannabis use should be conducted to 

further investigate the possible impact of tolerance. It should also be noted that our sample 

size is small and the cohorts were not age matched. Although our sample size is comparable 

to other studies conducted in the UHR population (Corcoran et al., 2012; Pruessner et al., 

2013) and we controlled for age in our analysis, future studies with larger samples, and more 

power to control for multiple comparisons, should be conducted before any definitive 

conclusions are made. Larger studies should also examine sex-differences in cannabis use 

and cortisol levels as sex-differences in morning cortisol samples collected in home samples 

in UHR youth and in patients with schizophrenia have been reported (Carol et al., 2016; 

Pruessner et al., 2008). Additionally, while the current methods used to collect and analyze 

cortisol levels are consistent with previous examinations (Mittal and Walker, 2011; Walker et 

al., 2013), future studies that collect more cortisol samples across the day, especially the 

cortisol awakening response (CAR), and over consecutive days are needed to better 

understand cannabis use and the 24-hour circadian cycle of the HPA axis in UHR youth.

An additional limitation of the study was the absence of a HC group who uses cannabis. 

Future studies that include a HC user group are needed before we can fully understand this 

phenomenon, to provide further insight on dose dependent relationships, and to more 

comprehensively evaluate an interaction between cannabis and psychosis vulnerability 

status. Similarly, the present study was only able to exclude individuals treated with 

neuroleptic medication and there was a small minority of UHR participants being treated 

naturalistically in the community with other psychotropic medications (UHR-CU=4 

participants; UHR-NC=4 participants). Relatedly, the present study did not have exclusion 

criteria regarding potential endocrinological disorders, inflammatory conditions, or 

medications involving corticosteroid, which impact on HPA axis function. Therefore, it is 

important for future studies with larger sample sizes to evaluate the potential impact of a 

variety of psychotropic medications and these noted medical conditions and treatments. 

While causation could not be determined in the current study, this is the first step in 

evaluating the effect of cannabis use on the HPA axis in UHR individuals. Additionally, the 

design of current study does not allow for examination of UHR youth transition to psychosis 

rates. Future longitudinal studies, predicting change in cortisol over time on the basis of 

cannabis usage, are needed to determine if cannabis use moderates symptom and HPA 

dysfunction progression and the relationship to psychosis transition rates.

4.2 Conclusions

In conclusion, the results from the current study are the first to show UHR-CU have higher 

cortisol levels than UHR-NC and HC. A significant difference between UHR-CU and HC 

participants was present for both cannabis use in the past week based on the urine sample 
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and cannabis use in the past month based on self-report. Higher frequency of cannabis use in 

the past month was related at a trend level to higher cortisol levels. Among UHR individuals, 

no relationships between frequency of cannabis use and positive, negative, or disorganized 

symptoms were observed. These novel results augment the field’s understanding of cannabis 

use as a risk factor of psychosis.
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Highlights

• Group differences in cortisol levels among cannabis users/non-users were 

examined.

• Groups included psychosis risk users, non-users, and healthy control non-

users

• Cannabis use was assessed with a urine panel and self-report.

• Psychosis risk cannabis users had the highest salivary cortisol levels.
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Figure 1. Cannabis group differences in cortisol AUCg
Group differences in cortisol levels for the overall sample. Cannabis use groups are defined 

by a urine screen (positive = use in the past week) and by self-report (positive = use in the 

past month); cortisol levels are presented as mean area under the curve with respect to 

ground (AUCg) for 3 samples of cortisol collected every 60 minutes over the course of 2 

hours; vertical bars represent standard error of the mean; Urine and Self-report p value refers 

to the effect of cannabis use in the past week (urine) and the past month (self-report) on 

cortisol across groups controlling for age (ANCOVA); Significance of post hoc t-test 

indicate * p <.05, + p <.08,: p >.08, with urine reported first, followed by self-report.
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