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Abstract
Rationale One of the most commonly cited reasons for chron-
ic cannabis use is to cope with stress. Consistent with this,
cannabis users have shown reduced emotional arousal and
dampened stress reactivity in response to negative imagery.
Objectives To our knowledge, the present study represents the
first to examine the effects of an acute stress manipulation on
subjective stress and salivary cortisol in chronic cannabis
users compared to non-users.
Methods Forty cannabis users and 42 non-users were random-
ly assigned to complete either the stress or no stress conditions
of the Maastricht Acute Stress Test (MAST). The stress con-
dition of the MAST manipulates both physiological (placing
hand in ice bath) and psychosocial stress (performing math
under conditions of social evaluation). Participants gave base-
line subjective stress ratings before, during, and after the stress
manipulation. Cortisol was measured from saliva samples ob-
tained before and after the stress manipulation. Further, can-
nabis cravings and symptoms of withdrawal were measured.
Results Subjective stress ratings and cortisol levels were sig-
nificantly higher in non-users in the stress condition relative to
non-users in the no stress condition. In contrast, cannabis
users demonstrated blunted stress reactivity; specifically, they
showed no increase in cortisol and a significantly smaller

increase in subjective stress ratings. The stress manipulation
had no impact on cannabis users’ self-reported cravings or
withdrawal symptoms.
Conclusion Chronic cannabis use is associated with blunted
stress reactivity. Future research is needed to determine
whether this helps to confer resiliency or vulnerability to
stress-related psychopathology as well as the mechanisms un-
derlying this effect.
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Introduction

Cannabis is the most widely used illicit substance worldwide
(United Nations Office on Drugs and Crime 2012). In the
USA, recent state legislative reform permitting the use of can-
nabis for medicinal and now recreational purposes has led to a
reduction in social stigma and perceived harms of chronic
cannabis use among both adolescents (Stolzenberg et al.
2016) and adults (Okaneku et al. 2015; Schuermeyer et al.
2014). This has coincided with a steady rise in the prevalence
of daily cannabis use (SAMHSA 2014), which is only expect-
ed to increase in coming years.

Perhaps the most commonly cited reason for continued
cannabis use in chronic users is to cope with elevated levels
of perceived stress (see Hyman and Sinha 2009, for a
comprehensive review of this literature). A recent meta-
analysis of cross-sectional studies shows a high prevalence
of cannabis use among individuals with stress and anxiety
disorders, and vice versa (Kedzior and Laeber 2014).
Although the direction of these relationships has yet to be
established, evidence indicates that the second most common
reason medical cannabis patients report using cannabis is to
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treat anxiety (Sexton et al. 2016) and that cannabis consump-
tion reduces feelings of stress/anxiety in medical cannabis
patients (Webb andWebb 2014). Moreover, stress coping mo-
tives are largely unique to cannabis relative to other drugs of
abuse and are specific to chronic experienced users (Copeland
et al. 2001).

Double-blind, placebo-controlled studies have further cor-
roborated these self-report data, as acute cannabis orΔ-9-tet-
rahydrocannabinol (THC) administration dampens amygdala
responses to affective stimuli (Gruber et al. 2009). Research
by Childs et al. (2017) suggests that dose may be important to
consider, as a low dose of oral THC attenuated cannabis users’
subjective stress ratings after an acute stressor, while a high
dose increased subjective stress ratings, and neither dose in-
fluenced cortisol or heart rate. It has also been shown that
THC administration reduces emotional arousal to threatening
faces (Phan et al. 2008; Cornelius et al. 2010). Notably, these
studies have further shown that acute cannabinoid administra-
tion reduces amygdala reactivity in response to social signals
of threat (Phan et al. 2008) and enhances connectivity between
the amygdala and prefrontocortical subregions (Gorka et al.
2015), which is critical for proper emotional regulation, stress
coping, and cortisol secretion (Phan et al. 2005; Urry et al.
2006).

These data suggest a mechanism by which acute cannabis
consumption may elicit stress-alleviating effects. However,
comparatively fewer studies have examined the effects of
chronic cannabis consumption on stress-related endpoints,
and the results of these studies have been equivocal. For in-
stance, while some have shown that chronic cannabis use is
associated with higher baseline cortisol concentrations (King
et al. 2011; Monteleone et al. 2014; Somaini et al. 2012),
others have reported no significant differences (Block et al.
1991). Furthermore, D’Souza and colleagues have shown that
THC-induced increase in cortisol is blunted in frequent users
relative to naïve controls (Ranganathan et al. 2009). Chronic
cannabis users also exhibit impaired adrenocorticotropic hor-
mone and cortisol release as well as reduced emotional reac-
tivity in response to unpleasant pictures compared to non-
users (Somaini et al. 2012). Moreover, higher levels of canna-
bis use have been associated with lower levels of amygdala
reactivity in response to images of threatening faces
(Cornelius et al. 2010). These results may indicate that chronic
cannabis use is associated with hypothalamic-pituitary-
adrenal (HPA) axis dysfunction. Alternatively, they may indi-
cate that chronic cannabis use could provide beneficial effects
in individuals exhibiting abnormal emotional responses to
threatening stimuli.

Although these data suggest a relationship between canna-
bis consumption and stress responsivity, surprisingly, no stud-
ies have examined the impact of an acute stressor on subjec-
tive or physiological indices of stress in chronic cannabis users
compared to non-users. Thus, the objective of our study was

to determine the effects of an acute stressor on subjective
stress, as well as on basal and stress-induced salivary cortisol
concentrations in chronic heavy cannabis users compared to
non-users. Additionally, given that stress can precipitate
symptoms of withdrawal and craving in drug users (Cleck
and Blendy 2008), we further sought to examine whether
acute stress increases subjective reports of cannabis craving
and withdrawal in chronic cannabis users. Based on data de-
scribed above indicating blunted emotional reactivity and
amygdala activation in chronic users (Cornelius et al. 2010),
we hypothesized that chronic cannabis users would exhibit
dampened subjective and physiological stress responses com-
pared to non-users but that acute stress would nevertheless
exacerbate cravings and symptoms of withdrawal.

Methods

Design and procedure

A 2 × 2 factorial design was used, with stress condition (stress,
no stress) as a manipulated between-subject factor and canna-
bis use status (cannabis users, non-users) as a non-
manipulated between-subject factor. The Washington State
University Institutional Review Board reviewed and approved
the study; thus, all procedures were performed in accordance
with the ethical standards described in the 1964 Declaration of
Helsinki.

Participants were recruited via ads posted in local recrea-
tional marijuana dispensaries, local retail locations, as well as
on Facebook and Craigslist. Prior to scheduling an appoint-
ment, each participant was screened to ensure that he/she was
eligible. To be eligible, participants had to report no current
diagnosed or treated psychiatric conditions, no diagnosed
chronic medical or neurological disorders, and no current
use of medications containing steroids. Participants also could
not be heavy users of alcohol (e.g., defined as use of alcohol
four or more days of the week) and could not have used any
illicit drugs in the past 6 months. Further, cannabis users were
required to use cannabis on a daily or near daily basis (defined
as using cannabis a minimum of 3–4 days per week) for at
least 1 year and to abstain from cannabis on the day of testing.
Non-users were required to have used cannabis fewer than 10
times in their lives and never in the past year.

Upon arrival, participants were asked to sit quietly and wait
outside the lab room for 10 min to allow for any increases in
cortisol due to traveling and attempting to locate the lab to
diminish. After providing written informed consent, partici-
pants completed a brief survey, provided a baseline subjective
stress rating, and gave their first saliva sample. Participants
then completed either the stress or no stress condition of the
Maastricht Acute Stress Test (MAST), providing another sub-
jective stress rating half-way through the MAST. Immediately
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after the MAST, participants once again gave a subjective
stress rating and saliva sample. Participants then completed
measures of cannabis withdrawal symptoms and cravings.
Finally, participants provided a urine sample, were debriefed,
and compensated with $25. Experimenters were blind to par-
ticipants’ cannabis use status until the urine sample was tested
after participants left the laboratory.

Materials

Screening Participants were screened via brief open-ended
questions to ensure that they met the study eligibility require-
ments. Specifically, participants were asked when they had
last used cannabis, how frequently they use cannabis, for
how long they had been using cannabis at that frequency,
approximately how many times they had used cannabis in
their lifetime, whether they had used any illicit drugs in the
past 6 months, how often they drink alcohol, and how many
drinks they consume when they drink alcohol. They were also
asked whether they had a current diagnosed psychological
disorder or were being treated for a psychological disorder;
whether they had any diagnosed chronic medical or neurolog-
ical disorders; whether they were currently taking prednisone,
dexamethasone, or any other steroids; whether they had ever
had a head injury involving a loss of consciousness for more
than 2 min; and whether they had ever been diagnosed with a
learning disability or intellectual disability.

SurveyAbrief surveywas administered to assess demograph-
ic characteristics, chronic stress (the 10-item Perceived Stress
Scale (PSS); Cohen and Williamson 1988), and cannabis use
patterns (the Daily Sessions, Frequency, Age of Onset, and
Quantity of Cannabis Use Inventory; Cuttler and Spradlin
2017). The measure of chronic stress was used to ensure that
there were no baseline differences in chronic stress across the
groups and to control for individual differences in chronic
stress, as it is known that chronic stress can impact responses
to acute stress (Herman 2013). The measure of cannabis use
patterns was administered to assess lifetime and current can-
nabis use and to confirm that participants met the eligibility
requirements of the study.

Subjective stress Subjective stress was measured by asking
participants to rate how much stress they were currently
experiencing using a scale ranging from 0 (indicating no
stress) to 10 (indicating extreme stress). Similar single-item
measures of subjective stress have demonstrated content, cri-
terion, and construct validity (Elo et al. 2003).

Salivary cortisol Saliva samples were collected using
salivettes (Sarstedt, Germany). Participants were required to
refrain from ingesting anything other than water for 30 min
prior to their testing session. To collect saliva samples,

participants were instructed to rinse their mouth for 1 min
and then to tip the swab into their mouth, chew on it for
1 min, and then place it carefully back in to the plastic tube
without touching it. Saliva samples were taken before, during,
and after exposure to the stressor and subsequently stored at
−20 °C until analysis. Radioimmunoassays for salivary corti-
sol concentrations were performed according to methods pre-
viously described (Tu et al. 2006) using a cortisol enzyme
immunoassay kit (Salimetrics, State College, PA). The assay’s
detection limit was 0.01 μg/dL, and the intra-assay coefficient
of variance was 5.67%.

THC urine test THC pre-dosage urine tests from Kappa City
Biotech (Saint Victor, France) were used to confirm the pres-
ence or absence of THC in urine. This test was used to ensure
that cannabis users were indeed cannabis users (that they had
detectable levels of THC in their urine) and that the non-users
had no THC in their system.

Maastricht Acute Stress Test (Smeets et al. 2012) Stress
was manipulated using the MAST, a multidimensional stress
paradigm that combines elements of physical, psychosocial,
and unpredictable stress. Participants in the stress condition
were required to place their hand in cold water (36 °F) for
trials of various lengths (45, 60, 90 s), which participants were
told were randomly set by the computer. Between these trials,
participants were required to count backwards from 2043 by
17 and were given negative feedback and required to start
again each time they made an error. Participants were further
monitored on a webcam, which they were told would be later
evaluated and which was displayed directly in front of them so
they could view themselves. Participants in the no stress con-
trol condition were required to place their hand in lukewarm
water (92 °F) for trials of the same lengths as those used in the
stress condition. Between trials, they were required to count
from 1 to 25, but they received no feedback and were not
video monitored. The entire MAST procedure lasted approx-
imately 10 min. In previous studies, the MAST has produced
similar subjective stress increases and increased salivary cor-
tisol responses, compared to more traditional cold pressor
tasks and the Trier Social Stress Test (Smeets et al. 2012).
Further, the stress condition of the MAST has been shown to
produce significantly higher salivary cortisol responses com-
pared to the no stress condition of the MAST (Smeets et al.
2012).

Withdrawal symptoms and cravings The Marijuana
Withdrawal Checklist (Budney et al. 2003) is a 15-item inven-
tory that was used to measure withdrawal symptoms. Scores
were averaged such that they could range from 0 (none) to 3
(severe). The MWC shows good internal consistency
(α = 0.81) and sensitivity to effects associated with abstinence
(Budney et al. 1999, 2003). Cronbach’s alpha in the present

Psychopharmacology (2017) 234:2299–2309 2301



sample was 0.77. The Cravings Questionnaire-Short Form
(Heishman et al. 2001) is a 12-item inventory that was used
to measure cannabis cravings. Scores were averaged such that
they could range from 1 (strongly disagree to experiencing
cravings) to 7 (strongly agree to experiencing cravings).
Cronbach’s alpha in the present sample was 0.86.

Participants

A total of 87 participants passed the initial screening and were
tested. However, five participants were subsequently excluded
because their self-reported cannabis use patterns on the day of
testing were discrepant from their responses at the time of
screening and no longer conformed to our eligibility require-
ments (e.g., they used cannabis on the day of testing, or in the
case of non-users, had used cannabis more than 10 times in
their life).

The remaining 82 participants ranged from 20 to 64 years
of age with a mean of 25.84 (SE = 0.86) years. The majority
of participants identified as white (70.7%), but the sample was
well balanced with respect to sex (52.4% male). Complete
demographic characteristics broken down by group are pro-
vided in Table 1.

Approximately half of the final sample (n = 40) comprised
cannabis users. All of the cannabis users tested positive for
THC in urine; almost all (n = 38; 95%) reported last using
cannabis the day prior to testing; one participant (2.5%) re-
ported last using cannabis this week, and one participant
(2.5%) reported last using cannabis last week. Over half
(55%) of the cannabis users reported using cannabis more than
once a day, 32.5% reported using it once a day, 5% reported
using cannabis five to six times per week, and 7.5% reported
using it three to four times per week. All cannabis users re-
ported using cannabis on a daily or near daily basis (a mini-
mum of three to four times per week) for at least 1 year, with
the majority (65%) reporting the use of cannabis on a near
daily basis for 3+ years.

The remaining (n = 42) participants comprised non-users.
The majority of the non-users (76.2%) reported never having
used cannabis. The remaining 23.8% of non-users reported
that they last used cannabis over a year ago and that they
had used cannabis 10 or fewer times in their entire life. All
non-users tested negative for THC in urine.

Statistical analyses

An a priori power analysis indicated that a sample size of 82
would provide power of 0.80 to detect medium-sized effects
(ηp

2 = 0.09) using factorial ANCOVAwith four groups and an
alpha of 0.05. To control for variability in cortisol levels due to
individual differences, potential differences in burden of trav-
el, and time of day, cortisol difference scores were created.
Specifically, baseline cortisol levels were subtracted from

post-stress manipulation cortisol levels. Similarly, to account
for individual differences in subjective stress ratings, baseline
subjective stress ratings were subtracted from subjective stress
ratings at time points 1 (during the stressor) and 2 (immedi-
ately after the stressor). Table 2 shows the baseline levels of
cortisol, subjective stress, and chronic stress across the four
groups.

Results

Baseline differences

Approximately half of the cannabis users (n = 19) were ran-
domly assigned to the stress condition, and the other half
(n = 21) were randomly assigned to the no stress condition.
These two groups did not differ significantly with respect to
when they last used cannabis, t(38) = 1.44, p = 0.16, d = 0.45,
the frequency they reported using cannabis, t(38) = 0.94,
p = 0.35, d = 0.30, or the number of years they reported using
cannabis, t(35) = −0.64, p = 0.53, d = 0.21.

Half of the non-users (n = 21) were randomly assigned to
the stress condition, and half (n = 21) were randomly assigned
to the no stress condition. These two groups were perfectly
matched with respect to whether they had ever used cannabis,
χ2(1) = 0.00, p = 1, φc = 0.00, and in ratings of the number of
times they had used cannabis in their entire life, χ2(2) = 0.00,
p = 1, φc = 0.00.

As shown in Table 1, comparisons of the four groups re-
vealed significant differences in the percentage of white can-
nabis users in the no stress condition and white non-users in
the no stress condition, as well as in the percentage of
employed/student cannabis users in the stress condition and
employed/student non-users in the stress condition. As such,
these variables were entered in as covariates in the primary
analyses (i.e., 2 × 2 ANCOVAs).

As shown in Table 2, comparisons of the baseline stress
measures (cortisol, subjective stress ratings, chronic stress
scores) across the four groups revealed only a significant dif-
ference in the mean baseline subjective stress ratings of the
cannabis users in the stress condition and the mean baseline
subjective stress ratings of the non-users in the stress condi-
tion. Once again, difference scores were computed by
subtracting baseline subjective stress ratings from subjective
stress ratings during the MAST and after the MAST to statis-
tically control for this baseline difference.

Finally, there were no significant differences in the time of
day (coded into hours) that cannabis users in the stress and no
stress conditions were tested, t(38) = 1.67, p = 0.10, d = 0.53,
in the time of day that non-users in the stress and no stress
conditions were tested, t(40) = 0.78, p = 0.44, d = 0.24, in the
time of day that cannabis users in the stress condition and non-
users in the stress condition were tested, t(38) = −0.21,
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p = 0.83, d = 0.07, or in the time of day that cannabis users in
the no stress condition and non-users in the no stress condition
were tested, t(40) = −1.23, p = 0.22, d = 0.38.

Stress response

CortisolA 2 × 2ANCOVAwith cannabis use status (cannabis
user, non-user) and stress condition (stress, no stress) as
between-subject factors and sex, ethnicity, employment status,
and chronic stress as covariates was conducted to examine
putative effects of cannabis use and the stress manipulation
on cortisol difference scores. The results revealed a significant
main effect of stress, F(1, 74) = 14.20, p < 0.001, ηp

2 = 0.16,
and a cannabis × stress interaction, F(1, 74) = 8.28 p = 0.003,
ηp

2 = 0.10. As depicted in Fig. 1, follow-up one-way
ANCOVAs revealed significantly higher cortisol difference
scores in the non-users under conditions of stress relative to

the non-users in the no stress condition, F(1, 36) = 19.65,
p < 0.001, ηp

2 = 0.35. In contrast, the cortisol difference scores
of the cannabis users in the stress condition were not signifi-
cantly different than the cortisol difference scores of the can-
nabis users in the no stress condition, F(1, 34) = 0.80,
p = 0.38, ηp

2 = 0.02. Thus, cannabis users show reduced cor-
tisol mobilization in response to acute stress.

Subjective stress ratings A series of 2 × 2 ANCOVAs with
cannabis use status (cannabis user, non-user) and stress con-
dition (stress, no stress) as between-subject factors and sex,
ethnicity, employment status, and chronic stress as covariates
were conducted with subjective stress difference scores as the
dependent variables. The results of the analysis on subjective
stress difference scores at time point 1 (during the stressor)
revealed a significant main effect of stress, F(1, 60) = 41.56,
p < 0.001, ηp

2 = 0.41, and a cannabis × stress interaction, F(1,

Table 1 Demographic characteristics of cannabis users and non-users in the stress and no stress conditions

Cannabis users Non-users

Stress No stress Stress No stress

Age M = 26.05 (SE = 1.44) M = 25.14 (SE = 1.86) M = 26.95 (SE = 2.23) M = 25.24 (SE = 1.19)

Gender (male) 63.2% 71.4% 33.3% 42.9%

Ethnicity (white) 84.2% 81.00% 66.7% 52.4%

Education (post-secondary degree) 47.6% 47.4% 71.4% 71.4%

Current employment (employed or student) 68.4% 80.9% 95.2% 95.2%

Income (<$20,000) 73.7% 85.7% 76.2% 80.0%

Relationship status (single) 73.7% 85.7% 85.7% 76.2%

For all seven variables, t tests and chi-squared tests were conducted to compare (i) cannabis users in the stress condition to cannabis users in the no stress
condition, (ii) non-users in the stress condition to non-users in the no stress condition, (iii) cannabis users in the stress condition to non-users in the stress
condition, and (iv) cannabis users in the no stress condition to non-users in the no stress condition. The only significant differences that were detected
were in the comparison of the percentage of white cannabis users in the no stress condition and white non-users in the no stress condition, χ(1) = 3.86,
p = 0.05, φc = 0.30, and in the comparison of the percentage of employed/student cannabis users in the stress condition and employed/student non-users
in the stress condition, χ(1) = 3.86, p = 0.05, φc = 0.35. Ital values denote significant difference

M mean, SE standard error of the mean

Table 2 Baseline stress in cannabis users and non-users in the stress and no stress conditions

Cannabis users Non-users

Stress No stress Stress No stress

Baseline cortisol M = 0.22 (SE = 0.04) M = 0.17 (SE = 0.03) M = 0.16 (SE = 0.02) M = 0.19 (SE = 0.04)

Baseline subjective stress rating M = 3.16 (SE = 0.47) M = 2.29 (SE = 0.50) M = 1.86 (SE = 0.40) M = 2.29 (SE = 0.46)

Baseline chronic stress M = 18.89 (SE = 1.03) M = 14.48 (SE = 1.20) M = 16.00 (SE = 1.61) M = 15.14 (SE = 1.17)

For all three variables, t tests were conducted to compare (i) cannabis users in the stress condition to cannabis users in the no stress condition, (ii) non-
users in the stress condition to non-users in the no stress condition, (iii) cannabis users in the stress condition to non-users in the stress condition, and (iv)
cannabis users in the no stress condition to non-users in the no stress condition. The only significant difference that was detected was in the comparison of
the mean baseline subjective stress ratings of the cannabis users in the stress condition and the non-users in the stress condition, t(38) = −2.13, p = 0.04,
d = 0.67. Ital values denote significant difference

M mean, SE standard error of the mean
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60) = 4.79, p = 0.03, η2 = 0.07. Follow-up tests revealed a
significant effect of the stress manipulation on the subjective
stress difference scores of non-users, F(1, 28) = 30.03,
p < 0.001, ηp

2 = 0.52, as well as cannabis users, F(1,
281) = 13.30, p = 0.001, ηp

2 = 0.32. As depicted in Fig. 2,
the interaction indicates that the effect of the stress manipula-
tion on subjective stress ratings during the stressor was signif-
icantly smaller in the cannabis users than the non-users, once
again providing evidence for a blunted stress response. At
time point 2 (immediately after the stressor), there was only
a significant main effect of stress, F(1, 74) = 20.82, p < 0.001,
ηp

2 = 0.22, and no cannabis × stress interaction, F(1,
77) = 2.07, p = 0.15, ηp

2 = 0.03 (Fig. 3).

Relationships between cortisol and subjective stress
ratings

Pearson bivariate correlation analyses indicated that overall
cortisol difference scores were significantly positively corre-
lated with subjective stress ratings at time point 1 (during the
stressor), r(66) = 0.42, p < 0.001, as well as at time point 2
(immediately after the stressor), r(80) = 0.27, p = 0.02.
Analyses broken down by group revealed that for non-users,
cortisol difference scores were significantly positively

correlated with subjective stress ratings at time point 1 (during
the stressor), r(32) = 0.59, p < 0.001, as well as at time point 2
(immediately after the stressor), r(40) = 0.45, p = 0.003. In
contrast, for the cannabis users, there were no significant cor-
relations between cortisol difference scores and subjective
stress ratings at time point 1 (during the stressor),
r(32) = 0.06, p = 0.75, or at time point 2 (immediately after
the stressor), r(38) = −0.08, p = 0.61. Tests of the difference
between these two sets of correlations confirmed that the cor-
relations detected in non-users are significant higher than
those found in cannabis users (p = 0.02, p = 0.01, for time
points 1 and 2, respectively).

Withdrawal symptoms and cravings Two separate 2 × 2
ANCOVAs were conducted with cannabis use status
(cannabis user, non-user) and stress condition (stress, no
stress) as between-subject factors; sex, ethnicity, employment,
and chronic stress as covariates; and cannabis withdrawal
symptoms and cravings as the dependent variables. The re-
sults of the analyses of withdrawal symptoms showed only a
significant main effect of cannabis use status, F(1, 74) = 6.92,
p = 0.01, ηp

2 = 0.09. The effect of the stress manipulation was
not statistically significant, F(1, 74) = 0.08, p = 0.78,
ηp

2 = 0.001, and the interaction between cannabis use and

Fig. 1 Mean cortisol difference
scores in non-users and cannabis
users in the no stress and stress
conditions of the MASTwith
standard error bars. *p < 0.05

Fig. 2 Mean subjective stress
difference scores in non-users and
cannabis users during the no
stress and stress conditions of the
MASTwith standard error bars.
*p < 0.05
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stress was not statistically significant, F(1, 74) = 0.09,
p = 0.77, ηp

2 = 0.001 (see Fig. 4). Planned comparisons of
the cannabis users in the stress condition with cannabis users
in the no stress condition also revealed no significant effect of
the stress manipulation on cannabis users’ self-reported with-
drawal symptoms, F(1, 34) = 1.81, p = 0.19, ηp

2 = 0.05.
Similarly, as shown in Fig. 5, the results of the analyses of

cravings showed only a significant main effect of cannabis use
status, F(1, 74) = 136.67, p < 0.001, ηp

2 = 0.65. The effect of
the stress manipulation was not significant, F(1, 74) = 1.33,
p = 0.25, ηp

2 = 0.02, and the interaction between cannabis use
and stress was not significant, F(1, 74) = 0.17, p = 0.68,
ηp

2 = 0.002. Planned comparisons of the cannabis users in
the stress condition with cannabis users in the no stress con-
dition also revealed no significant effect of the stress manipu-
lation on cannabis users’ self-reported withdrawal symptoms,
F(1, 34) = 1.42, p = 0.24, ηp

2 = 0.04.

Discussion

The present study was conducted to examine the extent to
which basal and stress-induced cortisol concentrations and
subjective stress ratings differed between chronic cannabis
users and non-users in response to a multidimensional acute

stress manipulation. Despite abstaining from cannabis use on
the day of testing, cannabis users exhibited no increase in
salivary cortisol concentration in response to the stress manip-
ulation compared to non-users. Moreover, cannabis users
showed a diminished increase in subjective stress ratings dur-
ing the acute stressor relative to non-users. These dampened
responses to stress occurred in the absence of increased self-
reported cravings and symptoms of withdrawal. Together,
these data indicate that chronic cannabis users display blunted
psychological and adrenal stress reactivity compared to non-
users.

This study is unique in that it is the first to compare indices
of subjective and physiological stress in chronic cannabis
users and non-users following an acute stress manipulation
with distinct psychological and physiological components.
The main findings of this study are consistent with a growing
body of literature indicating that chronic cannabis use is asso-
ciated with blunted amygdala activation and emotional reac-
tivity to images of threatening faces (Cornelius et al. 2010)
and dampened hormonal responses to unpleasant images
(Somaini et al. 2012). Thus, converging evidence indicates
that chronic cannabis consumption may render users less re-
active to stressful and negatively valent images, both at a
psychological and physiological level. However, it is also
possible that residual low levels of active cannabinoids and

Fig. 3 Mean subjective stress
difference scores in non-users and
cannabis users immediately
following the no stress and stress
conditions of the MASTwith
standard error bars. *p < 0.05

Fig. 4 Mean self-reported
withdrawal symptoms in cannabis
users and non-users following the
no stress and stress conditions of
the MASTwith standard error
bars. *p < 0.05
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associated metabolites impacted stress reactivity, and it will be
important for future research to examine stress reactivity in
cannabis users after a longer period of abstinence.

These cannabis-related alterations in the stress response
could be particularly beneficial in conferring enhanced resil-
ience to stress, particularly in individuals exhibiting sensitized
HPA axis responses and heightened emotional reactivity to
stress. At the neurobiological level, excessive glucocorticoid
activity can lead to atrophy in brain areas responsible for HPA
axis negative feedback, such as the hippocampus, prefrontal
cortex, and amygdala, which can contribute to the emergence
of stress-related neuropsychiatric disorders involving hyper-
arousal as a symptom, such as melancholic depression (see
McEwen 1998; McEwen et al. 2016 for reviews). Thus,
chronic cannabis use may protect against exaggerated gluco-
corticoid secretion in individuals at risk for developing mel-
ancholic depression or other disorders characterized by persis-
tent hyperarousal. In this respect, it is not particularly surpris-
ing that the most commonly cited reasons for medical canna-
bis use are to manage stress and alleviate symptoms of anxiety
(Sexton et al. 2016; Webb and Webb 2014).

While a dampened emotional and hormonal response to
stress can certainly be beneficial under certain circumstances,
it is important to note that acute cortisol release typically
serves an adaptive purpose, allowing individuals to mobilize
energy stores and respond appropriately to threats in the envi-
ronment (McEwen 1998). Thus, an inability to mount a proper
hormonal response to stress could also have detrimental ef-
fects that could subsequently increase vulnerability for devel-
oping other pathological states. For instance, an inability to
mount an effective cortisol response during a traumatic event
has been identified as a key determinant of post-traumatic
stress disorder susceptibility (see Yehuda 2009 for review).
Additionally, the atypical subtype of major depression has
been associated with reduced cortisol concentrations com-
pared to healthy controls (Gold and Chrousos 2002; Lamers
et al. 2013). Furthermore, in mice, high anxiety-like behavior
is associated with significantly reduced corticosterone secre-
tion to an acute stressor and a blunted response in the

dexamethasone suppression test compared to normal and
low anxiety mice (Sotnikov et al. 2014). These data indicate
that blunted HPA axis reactivity may actually perpetuate the
development of the very symptoms that individuals are using
cannabis to alleviate. Therefore, chronic cannabis use may
have either beneficial or detrimental consequences, which
are likely dependent on individual differences in the sensitiv-
ity of HPA axis activation prior to initiating chronic cannabis
use.

As expected, there was a strong positive correlation be-
tween levels of perceived stress and salivary cortisol concen-
tration in non-users. However, this correlation was conspicu-
ously absent in chronic cannabis users. Thus, despite reporting
increased subjective stress (albeit not to the extent of non-
users), chronic cannabis users did not show a corresponding
recruitment of cortisol during the stressor. This suggests that
there may be a discordance between subjective and physio-
logical stress measures in chronic cannabis users, which fur-
ther supports the idea that these individuals have general im-
pairments in cortisol mobilization.

The fact that we failed to observe a significant increase in
cortisol in chronic cannabis users following the stress condi-
tion is especially interesting because the MAST includes a
physiologically stressful component (holding hand in ice-
cold water) along with a psychosocial component (performing
difficult math under conditions of social evaluation). Based on
previous findings that the hormonal response to emotionally
valent stimuli is blunted in chronic cannabis users (Somaini
et al. 2012), and that psychosocial and physiological stressors
each activate the HPA axis via distinct pathways (Herman
et al. 2016), one might predict that the stress dampening ef-
fects of chronic cannabis use would be specific to psychoso-
cial stress, with the physiological stress response remaining
intact. That cannabis users similarly failed to mount a proper
cortisol response to the physiological component of the stress-
or further underscores the notion that the blunted stress re-
sponse observed herein may be more detrimental than benefi-
cial. Nevertheless, there is evidence that the normal hormonal
response can recover following an extended period of

Fig. 5 Mean self-reported
cravings in cannabis users and
non-users following the no stress
and stress conditions of the
MASTwith standard error bars.
*p < 0.05
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abstinence, even though the perceived unpleasantness of neg-
ative emotional images remains blunted (Somaini et al. 2012).
Future research should therefore examine whether a period of
abstinence would similarly lead to a recovery of the normal
response to an acute stressor such as the MAST.

There are multiple mechanisms by which chronic cannabis
use may be dampening physiological stress responsivity. For
instance, acute stress exposure is well known to recruit cate-
cholamines (i.e., noradrenaline and dopamine) to activate the
HPA axis (McEwen and Sapolsky 1995), while chronic can-
nabis use has been associated with impairments in dopamine
synthesis and release (see Sami et al. 2015 for review). Thus,
the blunted endocrine stress response observed herein could
be due to compromised recruitment of catecholamines in
heavy cannabis users. In support of this, Volkow et al.
(2014) have demonstrated that chronic cannabis users display
attenuated behavioral, cardiovascular, and brain dopamine re-
sponses to methylphenidate, which increases catecholamine
concentrations by blocking the dopamine and norepinephrine
transporters. However, a recent PET study has shown that the
striatal dopamine response to acute psychosocial stress is not
significantly altered in chronic cannabis users (Mizrahi et al.
2013), which argues against this being a central mechanism
underlying the observed effects.

Alternately, a more parsimonious explanation could be that
chronic cannabis use is dampening stress reactivity by inter-
fering with the normal actions of the endocannabinoid system,
the primary target for cannabis in the brain. Indeed, mounting
evidence has indicated a fundamental role for the
endocannabinoid system in constraining HPA axis activation,
promoting stress recovery, and dictating proper behavioral and
emotional responses to stressful stimuli (Hill and Tasker 2012;
McLaughlin et al. 2014). Endocannabinoid-mediated activa-
tion of the type 1 cannabinoid receptor is required for many
glucocorticoid effects, particularly negative feedback inhibi-
tion of HPA axis activation (Di et al. 2003; Malcher-Lopes
et al. 2006; Hill et al. 2011), while chronic cannabinoid ad-
ministration causes alterations in endocannabinoid content in
both humans (Morgan et al. 2013) and rodents (DiMarzo et al.
2000; González et al. 2004). Thus, cannabis-induced alter-
ations in endocannabinoid signaling could contribute to the
attenuated hormonal response observed herein. Clearly, future
studies will be required to fully understand the precise mech-
anisms by which heavy cannabis use blunts stress reactivity.

Exposure to psychological and physiological stress is well
known to augment craving in regular drug users (see Cleck
and Blendy 2008 for review). Given the literature showing
that stress coping motives often underlie cannabis-seeking
behaviors in habitual users (Hyman and Sinha 2009), it is
surprising that our group of heavy cannabis users did not
report increased cravings in response to stress. Although this
could be due to several factors, our data indicating that can-
nabis users also reported a diminished increase in subjective

stress suggests that this acute manipulation in a controlled
laboratory setting may not have been sufficient to augment
cannabis craving. Alternatively, it could be that stress-
induced cannabis craving only occurs in distinct subpopula-
tions, such as those with social anxiety disorder. For instance,
individuals with social anxiety disorder have been found to
report greater cannabis craving during a public speaking task,
an effect that was absent in cannabis users without social
anxiety (Buckner et al. 2011). Similarly, cannabis users
assigned to a social anxiety induction task (but not a reading
task) reported increased cannabis craving, an effect that was
exacerbated in individuals with social anxiety disorder
(Buckner et al. 2013, 2016). Thus, the lack of effect on can-
nabis craving in the current studymay be because the cannabis
users were not sufficiently impacted by the stressor or because
this phenomenon is unique to individuals experiencing path-
ological anxiety.

Less is known about the effects of acute stress on cannabis
users’ withdrawal symptoms, and to our knowledge, the pres-
ent study represents the first attempt to examine this potential
impact. Consistent with the findings on cannabis cravings, the
results indicate that acute stress does not trigger cannabis
withdrawal symptoms. However, the lack of significant effect
may once again be a function of cannabis users’ dampened
stress response. Moreover, given that most participants had
abstained from cannabis for less than 24 h and that cannabis
withdrawal symptoms peak after approximately 1 week of
abstinence (Hesse and Thylstrup 2013), it is possible that in-
troducing an acute stressor after a more prolonged period of
abstinence would exacerbate withdrawal symptoms, cannabis
cravings, and possibly stress reactivity.

There are several noteworthy limitations to acknowledge.
First, we did not obtain baseline measures of cannabis crav-
ings and withdrawal symptoms because we did not want to
illicit cravings or trigger withdrawal symptoms prior to the
stress manipulation due to concerns that this would impact
cannabis users’ stress response. Nevertheless, future research
should obtain these baseline measures in order to examine
changes in cravings and withdrawal symptoms as a function
of acute stress. Second, given the short period of abstinence, it
is possible that residual levels of THC in the cannabis users
may have influenced their responses. Once again, future re-
search should attempt to replicate these findings after a more
prolonged period of abstinence. Third, while all participants
were screened for any illicit drug use in the past month, we did
not measure or statistically control for illicit drug use beyond
this period of time or for use of tobacco. Cigarette smokers
also elicit lower salivary cortisol levels in response to stress
(Ginty et al. 2014), and therefore, it will be important for
future research to replicate these results in non-cigarette
smokers or groups of cannabis users and non-users matched
on tobacco use. Future research should also seek to balance
the distribution of males and females across groups and
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measure menstrual cycle phase in order to examine potential
sex differences and/or menstrual cycle phase effects on the
cannabis × stress interactions found in the present study.

In conclusion, the results of the current study indicate that
the subjective and physiological responses to an acute stressor
are significantly blunted in heavy cannabis users compared to
non-users. Additionally, a discordance between subjective and
physiological stress was observed in cannabis users that may
suggest general impairments in the recruitment of cortisol in
response to stress. Notably, these aberrations occurred in the
absence of increased self-reported craving and symptoms of
withdrawal. Future studies will be needed to identify both the
positive and negative implications of blunted stress reactivity
in chronic cannabis users, the mechanisms by which chronic
cannabis use impairs cortisol mobilization, and whether these
effects are reversible following a period of abstinence.
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