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The relationship of cannabis-use disorder and trauma exposure at the level of the brain is not well-understood. 

Cue-reactivity paradigms have largely focused on characterizing aberrant subcortical function by averaging across 

the entire task. However, changes across the task, including a non-habituating amygdala response (NHAR), may 

be a useful biomarker for relapse vulnerability and other pathology. This secondary analysis utilized existing 

fMRI data from a CUD population with (TR-Y, n = 18) or without trauma (TR-N, n = 15). Amygdala reactivity 

to novel and repeated aversive cues was examined between TR-Y vs. TR-N groups, using a repeated measures 

ANOVA. Analysis revealed a significant interaction between TR-Y vs. TR-N and amygdala response to novel vs. 

repeated cues in the amygdala (right: F (1,31) = 5.31, p = 0.028; left: F (1,31) = 7.42, p = 0.011). In the TR-Y 

group, a NHAR was evident, while the TR-N group exhibited amygdala habituation, resulting in a significant 

difference between groups of amygdala reactivity to repeated cues (right: p = 0.002; left: p < 0.001). The NHAR 

in the TR-Y (but not TR-N) group was significantly correlated with higher cannabis craving scores, yielding a 

significant group difference ( z = 2.1, p = 0.018). Results suggest trauma interacts with the brain’s sensitivity to 

aversive cues, offering a neural explanation for the relationship between trauma and CUD vulnerability. These 

findings suggest the importance of considering the temporal dynamics of cue reactivity and trauma history in 

future studies and treatment planning, as this distinction may help decrease relapse vulnerability. 
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. Introduction 

.1. Cannabis use disorder and trauma 

Approximately 18% ( ∼50 million) of U.S. individuals aged 12 and

lder reported past-year cannabis use; of these, 28% ( ∼14 million) met

riteria for cannabis use disorder (CUD) ( SAMHSA, 2021 ). Cannabis use

s associated with several adverse consequences, including attention and

emory impairments ( Lundqvist, 2005 ), an increased likelihood of co-

orbid psychiatric disorders ( Agrawal and Lynskey, 2014 ; Satre et al.,

018 ), and deficits in emotion regulation ( Zimmermann et al., 2017 ).

 recent review ( Sehl et al., 2021 ) summarizing fMRI findings indi-

ated that cannabis users, when exposed to cannabis cues, typically evi-

ence greater brain activity in the striatum, prefrontal regions, parietal

ortex, hippocampus and amygdala, with findings also lending prelim-
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nary support for correlations between amygdala and striatal activity

nd cannabis craving. Despite individuals carrying comparable CUD di-

gnoses, heterogeneity exists within this population in terms of neural

ignatures and treatment prognosis ( Kroon et al., 2020 ; Sherman and

cRae-Clark, 2016 ). While some patients struggle with CUD through-

ut their lives, others successfully respond to treatment ( Davis et al.,

015 ). One factor contributing to cannabis use and relapse is a his-

ory of trauma exposure. For example, exposure to trauma has been

inked to greater odds of lifetime cannabis use ( Kevorkian et al., 2015 ;

ougle et al., 2011 ; Werner et al., 2016 ) and cannabis-related prob-

ems ( Grant et al., 2017 ). However, the neural underpinnings of the

rauma-exposure and cannabis misuse relationship are not well under-

tood. Identifying whether trauma exposure contributes to unique brain

nd behavioral characteristics among those with CUD would help clar-

fy individual differences relevant to drug-use severity and treatment

esponse. 
ptember 2022 

ticle under the CC BY-NC-ND license 

https://doi.org/10.1016/j.dadr.2022.100098
http://www.ScienceDirect.com
http://www.elsevier.com/locate/dadr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dadr.2022.100098&domain=pdf
mailto:pregier@pennmedicine.upenn.edu
https://doi.org/10.1016/j.dadr.2022.100098
http://creativecommons.org/licenses/by-nc-nd/4.0/


P.S. Regier, M.J. Gawrysiak, K. Jagannathan et al. Drug and Alcohol Dependence Reports 5 (2022) 100098 

1

 

r  

a  

T  

2  

s  

t  

b  

h  

r  

(  

t  

o  

e  

c  

(  

t  

s

 

a  

u  

t  

i  

g  

b  

i  

2  

S  

2  

r  

r  

a  

u  

J  

e  

p  

l  

o  

v  

s  

a  

l  

w  

o  

i  

w  

o  

a  

(

1

 

t  

(  

t  

fi  

h  

c  

2  

T  

n  

e  

S  

t  

a  

u  

s  

c

1

 

l  

t  

f  

i  

S  

c  

s  

t  

F  

a  

s  

s  

a  

H  

d  

c  

(  

(

1

 

N  

a  

i  

e  

r  

i  

t  

p  

a  

i  

2  

w  

s  

g  

a  

t  

l

2

2

 

t  

i  

(  

r  

h  

c  

i  

g  

c  

A  

a  
.2. Neural cue-reactivity: traditional vs. temporal dynamics 

Cue-exposure paradigms have been broadly implemented into neu-

oimaging paradigms to characterize cue-induced brain reactivity

mong individuals with substance use disorder (SUD) ( Carter and

iffany, 1999 ; Childress et al., 1999 ; Pineles et al., 2013 ; Regier et al.,

021 , 2017 ; Volkow, 2006 ; Wetherill et al., 2014 ). A recent review

upports the utility of cue-reactivity paradigms with the observation

hat enhanced corticolimbic brain reactivity to drug cues measured at

aseline predicts future relapse ( Moeller and Paulus, 2018 ). Although

undreds of addiction neuroimaging publications have used fMRI cue-

eactivity paradigms to assess brain activity among SUD populations

 Ekhtiari et al., 2022 ), the conventional approach has been to average

he cue-response (versus a control condition) across the entire duration

f the paradigm ( Hartwell et al., 2011 ; Schacht et al., 2013 ; Van Hedger

t al., 2018 ). This approach assumes a cue-induced brain response is

onsistent across the duration of a task; however, data from our lab

 Regier et al., 2021 , 2017 ) and others ( Ekhtiari et al., 2021 ) suggest that

he brain exhibits temporal dynamics in response to repeated evocative

timuli . 

Measuring the change in brain response to repeated stimuli within

 task (e.g., habituation of the amygdala response to repeated stim-

li) has been found to be more reliable than averaging over the en-

ire task ( Plitcha et al., 2014 ), and it may be a novel method for

dentifying aberrant underlying neural circuits. Indeed, research sug-

ests that a non-habituating amygdala response (which we have la-

eled NHAR) may be a biomarker for certain mental health conditions,

ncluding anxiety ( Avery and Blackford, 2016 ; Bas-Hoogendam et al.,

019 ; Blackford et al., 2013 ), autism ( Kleinhans et al., 2016 , 2009 ;

wartz et al., 2013 ), and schizophrenia ( Holt et al., 2005 ; Williams et al.,

013 ). NHAR refers only to the deviation from the “typical ” adaptive

esponse of the amygdala (i.e., habituation); thus, NHAR could include

esponses that are the same or even increasing across the task. In the

ddiction literature, recent studies have begun to examine neural habit-

ation to cue exposure in individuals with SUD ( Ekhtiari et al., 2021 ;

afakesh et al., 2022 ; Murphy et al., 2018 ; Regier et al., 2021 ). For

xample, a recent paper demonstrated habituation to drug cues in a

opulation with methamphetamine use disorder but no relationship to

ifetime drug use or craving ( Ekhtiari et al., 2021 ). Recent data from

ur lab suggest that variability in neural habituation is found in indi-

iduals with active SUD and that it corresponds with prior experiences,

uch as trauma ( Regier et al., 2017 ), and with future behaviors, such

s drug use ( Regier et al., 2021 ). For example, a NHAR (as well as a

ack of habituation in other regions) to drug cues was associated with

orse outcomes (i.e., > 85% positive urine drug screens during 8 weeks

f outpatient treatment), whereas habituation to drug cues character-

zed better outcomes (i.e., < 40% positive urine drug screens during 8

eeks of outpatient treatment). One other study found that patients with

pioid use disorder demonstrated NHAR compared to healthy controls,

nd this differential temporal response was related to increased craving

 Murphy et al., 2018 ). 

.3. Neural correlates of trauma and cannabis-use disorder 

Research indicates that exposure to trauma and childhood mal-

reatment has long-lasting neurobiological effects on the amygdala

 Pagliaccio et al., 2015 ; Yamamoto et al., 2017 ), regardless of whether

rauma exposure leads to PTSD ( Hart and Rubia, 2012 ). A common

nding in neuroimaging research examining individuals with trauma

istory is increased activity in the amygdala to evocative stimuli, espe-

ially ‘threatening’ or ‘aversive’ stimuli ( Kim et al., 2019 ; Patel et al.,

012 ; Regier et al., 2017 ; Shvil et al., 2013 ; Stevens et al., 2017 ;

eicher et al., 2016 ). In addition, previous studies have found a lack of

eural habituation (in the amygdala and other regions) among trauma-

xposed (non-PTSD) populations ( Kim et al., 2019 ; Regier et al., 2017 ;

tevens et al., 2017 ). For example, our study found a relationship be-
2 
ween prior trauma and an increased neural response to novel drug cues

nd a non-habituating neural response to repeated drug cues in a pop-

lation with cocaine use disorder ( Regier et al., 2017 ). However, no

tudies have studied NHAR as it relates to prior trauma and behavioral

orrelates in a population with CUD. 

.4. Cue-Reactivity, trauma, and behavioral correlates 

A heightened neural response to stimuli is thought to reflect prob-

ems characteristic of posttraumatic stress, including disrupted cogni-

ive and emotional processing and impaired regulation of negative af-

ective states ( Shvil et al., 2013 ), which parallels neuroimaging find-

ngs associated with SUD ( Koob and Volkow, 2016 ), including CUD.

imilarly, NHAR is thought to stem from dysregulated inhibitory cir-

uits that result in maladaptive responses to familiar, non-threatening

timuli ( Kosaka et al., 2003 ; Wright et al., 2001 ). Impaired regula-

ion is a risk factor for drug misuse and developing a SUD ( Quinn and

romme, 2010 ), and aberrant amygdala activity has been observed

mong cannabis users when attempting to regulate emotions in re-

ponse to aversive cues ( Zimmermann et al., 2017 ). Several research

tudies have shown that hyperactive subcortical circuits (including the

mygdala) are related to increased drug craving ( Childress et al., 1999 ;

artwell et al., 2011 ; Murphy et al., 2018 ; Volkow, 2006 ). In ad-

ition, studies with trauma-exposed cannabis users demonstrated in-

reased cannabis craving following personalized trauma-cue exposure

 Farrelly et al., 2022 ), shown to correlate with PTSD symptom severity

 Romero-Sanchiz et al., 2022 ). 

.5. Purpose of present study 

As described above, the variability in temporal dynamics (e.g.,

HAR) may offer a unique way of identifying nuanced heterogeneity

mong psychiatric populations that might otherwise be overlooked us-

ng conventional approaches (e.g., averaging brain response across an

ntire cue task). The present study aims to determine differential tempo-

al patterns within a single aversive cue-exposure task among a cohort of

ndividuals with CUD grouped by those with trauma-exposure (TR-Y) vs.

hose without (TR-N). This study focused on an aversive cue-reactivity

aradigm to evaluate group differences. Considering prior work on

mygdala reactivity to aversive cue-exposure among trauma-exposed

ndividuals ( Kim et al., 2019 ; Patel et al., 2012 ; Protopopescu et al.,

005 ; Regier et al., 2017 ; Stevens et al., 2017 ; Teicher et al., 2016 ),

e hypothesized that, in a CUD population, amygdala response to aver-

ive cues would differ between groups. Specifically, the TR-Y (vs. TR-N)

roup would exhibit amygdala hyperreactivity to novel aversive cues

nd a NHAR to repeated aversive cues. We further hypothesized that

hese differences would be related to self-reported emotional dysregu-

ation and cannabis craving. 

. Materials and methods 

.1. Participants 

The study sample included 33 individuals (23 men) with CUD,

aking part in a larger cannabis outpatient treatment study examin-

ng neural and behavioral features predictive of treatment outcomes

 Wetherill et al., 2014 ). The data used in the analyses is from a neu-

oimaging session at baseline. Participants had not set a quit date, nor

ad they begun treatment. All participants were medically stable, met

riteria for CUD, and had no additional comorbid psychiatric disorders,

ncluding PTSD, other than tobacco use disorder (See Table 1 for demo-

raphics). Recruitment, informed consent, and eligibility criteria pro-

edures are detailed in prior published work ( Wetherill et al., 2014 ).

ll study procedures adhered to the Declaration of Helsinki and were

pproved by the University of Pennsylvania Institutional Review Board.
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Table 1 

Demographics and behavioral health variables by trauma group. 

Total sample 

( n = 33) 

Trauma-No 

( n = 15) 

Trauma-Yes 

( n = 18) 

Group 

Differences 

Age ( M , SD) 29.45 (7.44) 30.73 (7.18) 28.39 (7.67) .376 

Sex ( n ,%) 

-Male 

-Female 

23 (69.7%) 

10 (30.3%) 

9 (60%) 

6 (40%) 

14 (77.8%) 

4 (22.8%) 

.448 

Race ( n ,%) 

-White 

-Black 

-Other 

6 (18.2%) 

25 (75.8%) 

2 (6%) 

2 (13.3%) 

12 (80%) 

1 (6.7%) 

4 (22.2%) 

13 (72.2%) 

1 (5.6%) 

.484 

Ethnicity ( n ,%) 

-Not Hispanic/Latino 

-Hispanic/Latino 

30 (90.9%) 

3 (9.1%) 

13 (86.7%) 

2 (13.3%) 

17 (94.4%) 

1 (5.6%) 

.579 

Education (years) 12.82 (1.67) 13.00 (2.04) 12.67 (1.38) .576 

Cannabis use, past 30 days 

(TLFB) 

24.79 (7.39) 25.00 (6.88) 24.61 (7.97) .882 

Cannabis use, years (ASI) 11.15 (7.91) 11.20 (8.51) 11.11 (7.63) .975 

Cannabis Craving 4.06 (3.03) 4.00 (3.00) 4.11 (3.142) .918 

Cigarette Smoker ( n ,%) 20 (60.6%) 8 (53.3%) 12 (66.7%) .493 

Cigarettes Per Day (TLFB) 

( M , SD) 

10.24 (9.46) 9.33 (10.80) 11.00 (8.42) .622 

NicDays30 (TLFB) ( M , SD) ‘ 15.19 (14.30) 13.86 (14.90) 16.22 (14.24) .651 

PCL ( M , SD) 26.64 (9.124) 23.20 (6.85) 29.5 (9.94) 0.046 

DERS ( M , SD) 65.24 (17.91) 61.20 (18.77) 68.61 (16.94) .243 

HAM-D ( M , SD) 3.42 (3.75) 2.13 (2.97) 4.50 (4.06) .070 

HAM-A ( M , SD) 3.55 (4.03) 4.47 (4.89) 2.78 (3.19) .237 

Note. Abbreviations: M (SD): mean (standard deviation); n (%): frequency (sample percentage); TLFB: Timeline Followback; ASI: Addiction 

Severity Index; PCL: PTSD Checklist; DERS: Difficulties with Emotion Regulation Scale; HAM-D: Hamilton Rating Scale for Depression; HAM-A: 

Hamilton Rating Scale for Anxiety. 
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Fig. 1. Significant interaction of group (TR-Y [filled circle, solid] vs TR-N [open 

square, dashed]) x Half (novel cues in Half1 vs repeated cues in Half2) for the 

(averaged) bi-lateral amygdala response (i.e., parameter estimates, see meth- 

ods). Changes across the task resulted in a significant difference to repeated 

cues between TR-Y and TR-N. † indicates a significant interaction; ∗ indicates a 

significant difference between groups in Half2 (repeated cues). 
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.2. Study procedures 

Participants completed a battery of self-report questionnaires, diag-

ostic and clinical interviews, and an MRI session. Participants were

nstructed to abstain from alcohol and illicit substances for 24 h before

he MRI session and completed a urine drug screen (UDS) and alco-

ol breathalyzer prior to scanning. All participants tested positive on

he UDS for cannabis and negative for other substances. Tobacco using

articipants were permitted to smoke cigarettes on scan-day but were

rohibited from smoking within the 20-minute period leading up to the

canning session to mitigate any cardiovascular effects of recent smok-

ng on brain imaging results. 

.3. Measures 

Cannabis, alcohol, and other drug use within the past 30 days was

ssessed with the Timeline Followback interview (TLFB; Sobell and

obell, 1992 ), and the Addiction Severity Index (ASI; Denis et al.,

013 ) assessed lifetime alcohol and substance use and age of onset for

annabis use. The Mini-International Neuropsychiatric Interview (MINI;

heehan et al., 1998 ) was used to assess psychiatric diagnoses, and the

amilton Rating Scale for Depression (HAM-D; Hamilton, 1960 ) and

amilton Anxiety Scale (HAM-A; ( Hamilton, 1959 ) assessed for depres-

ion and anxiety. To characterize symptoms that can emerge in response

o trauma exposure, the PTSD Checklist for Civilians (PCL; Weathers

t al., 1993 ) measured posttraumatic stress symptom severity and as

 clinical validator for the TR-Y subgroup. The Difficulties in Emo-

ion Regulation Scale (DERS; Gratz and Roemer, 2004 ) assessed self-

eported difficulties regulating unpleasant emotions. As previously de-

cribed ( Childress et al., 1999 ), craving was measured during the MRI

essions prior to cue presentation. Briefly, participants were instructed

o give a verbal answer to the prompt: “Using a scale of 0–9, with 0 mean-

ng none or not at all and 9 meaning extremely, indicate to what degree you

re now experiencing any craving or desire for marijuana? ” ( Fig. 1 and

ig. 2 ). 
3 
.4. Trauma-Yes vs. Trauma-No subgroups 

In the present study, trauma status was based on participant re-

ponses to the clinician-administered MINI (i.e., ‘have you ever experi-

nced…an extremely traumatic event…’ ) and an ASI addendum question

bout trauma (i.e., “In your life, have you ever had any experiences that
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Fig. 2. Brain response to aversive cues in Half2 (repeated cues) correlated with 

baseline craving scores, plotted separately for TR-Y (filled circles, solid line) and 

TR-N (open squares, dashed lines) groups. There was no overall correlation of 

brain response to repeated cues and craving; however, between the correlations 

of TR-Y with craving ( r = 0.47, p < 0.05) and TR-N with craving ( r = − 0.22, NS) 

there was a significant difference (z score = 2.1, p = 0.02). 
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e  
ere so frightening, horrible, or upsetting that others rarely go through ? ”).

articipants who endorsed trauma via both the MINI and the ASI ques-

ion were designated as the trauma-exposure group. Participants who

id not endorse trauma via either method were designated as the no-

rauma group. When discrepancies ( n = 4) were noted (i.e., endorsing

rauma on ASI but not MINI or vice versa), a licensed clinical psychol-

gist carefully reviewed MINI and ASI responses; PCL items that refer-

nced ‘symptoms due to past events’ were used as guidance to help make

he final determination of trauma status. Using these methods, 18 indi-

iduals were designated as the trauma-exposure group (TR-Y) and 15

s the no-trauma group (TR-N). Of note, no participants in the present

tudy were diagnosed with PTSD as this diagnosis was exclusionary for

he parent study. 

.5. Imaging methods 

Neural responses were measured during exposure to aversive stimuli,

escribed elsewhere ( Wetherill et al., 2014 ). The scanning session was

omposed of a 33 ms cue-presentation paradigm, a Go/No-Go task, and

00 ms cue-presentation task, with all tasks presented in the same order

cross all participants. The present study restricted focus to the 500 ms

ask. Briefly, target (aversive) and neutral (comparator) cues were pre-

ented for 500 ms interspersed with an interstimulus interval of random

uration (i.e., jittered) of between 1000 and 2000 ms. Target stimuli

onsisted of 24 aversive and 24 comparator (i.e., neutral) cues, pre-

ented once (Half1) during the first half and then repeated, in pseudo-

andom order, during the second half (Half2) of the cue task. This re-

ulted in 48 presentations of both aversive and neutral cues. Aversive

ues were selected from the bottom quartile (most negative) of the In-

ernational Affective Picture Series database ( Lang et al., 1999 ); neutral

ues that matched the aversive cues in size, luminosity and complexity

onsisted of buildings, signs, everyday objects, etc. Target stimuli were
4 
ntermixed with other evocative cues (cannabis, sex) and presented in a

seudo-random order. 

.5.1. MRI acquisition, preprocessing, and analyses 

As described in detail previously ( Wetherill et al., 2014 ), T2 ∗ -

eighted blood oxygen level-dependent (BOLD) images were acquired

sing a Siemens 3T scanner (Siemens AG, Erlangen, Germany). Param-

ters used for the single-shot gradient echo (GRE) echo planar imaging

EPI) sequence were: field of view (FOV) = 192, matrix 64 ×64, TR = 2 s,

E = 30 ms, flip angle = 80°. Images were slice time corrected, realigned

nd unwarped, co-registered to the structural MRI image, normalized to

he Montreal Neurological Institute (MNI) standard space, and smoothed

sing an 8-mm full-width at half-maximum Gaussian kernel. Individ-

al first-level (within-subject) analyses were conducted using a general

inear model to measure relationships between event-related BOLD sig-

als and regressors encoding experimental conditions (e.g., 500 msec

versive cues). Experimental conditions and canonical hemodynamic re-

ponse functions were convolved to create regressors. Motion estimates

ade during motion correction were added as control factors. Two first-

evel contrasts were used for this analysis: aversive – neutral in Half1

novel exposure) and aversive – neutral in Half2 (repeated exposure).

maging data analyses were run with Statistical Parametric Mapping

oftware (SPM12, Wellcome Department of Cognitive Neurology, Lon-

on, UK) within a MATLAB environment (MATLAB 2019a; The Math-

orks, Inc., Natick, Massachusetts, USA). 

.5.2. Primary analyses 

Second-level analyses tested for associations between trauma and

hange in response from novel to repeated exposure in the amyg-

ala. Left and right amygdala were defined a priori as anatomi-

al regions of interest (aROIs) via the Harvard-Oxford probabilistic

natomical atlas included with the FMRIB Software Library (FSL); they

ere then thresholded (min = 20) and binarized via FSL maths. Using

hese aROIs, mean parameter estimates were extracted via Marsbar

 http://marsbar.sourceforge.net ) from the two first-level contrasts and

ntered into a 2 × 2 repeated measures ANOVA: Group (TR-Y vs. TR-N)

 Half (novel vs repeated exposure). Four post-hoc tests were conducted:

) TR-Y vs. TR-N, novel; 2) TR-Y vs. TR-N, repeated; 3) TR-Y, novel vs

epeated; and 4) TR-N, novel vs repeated. False Discovery Rate (FDR)

as used to correct for multiple comparisons. Effect sizes for the pri-

ary analyses were calculated via Cohen’s d ( Cohen, 1992 ). Parameter

stimates from the amygdala were subsequently used to test whether

hanges in the brain response to novel or repeated aversive cues were

ssociated with baseline craving and emotional regulation scores. R val-

es were calculated for the overall cohort and for TR-Y and TR-N sep-

rately. Putative differences in R values between the two groups were

etermined with a Fisher z transformation analysis. 

.5.3. Exploratory analyses 

Exploratory analyses were run for additional aROIs, which were de-

ned a priori (see Section 2.5.2 for method). These aROIs, including

entral medial frontal and visual cortices, ventral striatum, posterior

ingulate cortex, and hippocampus, were previously identified as im-

ortant for distinguishing subgroups in the literature ( Avery and Black-

ord, 2016 ; Blackford et al., 2013 ; Kleinhans et al., 2009 ; Sinha et al.,

016 ; Stevens et al., 2017 ; Williams et al., 2013 ). 

. Results 

.1. Corroboration of trauma status 

Individuals’ posttraumatic stress symptom severity, assessed with

CL scores, was examined for a potential corroboration of the trauma

plit. Scores on the PCL range from 17 to 85, with higher scores re-

ecting greater posttraumatic stress symptom severity. The TR-Y group

ndorsed significantly higher scores on the PCL ( M = 29.50, SD = 9.94)

http://marsbar.sourceforge.net
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C  
han the TR-N group ( M = 23.20, SD = 6.85; t (31) = 2.075, p = 0.046),

s would be expected (see Table 1 ). 

.2. Demographic comparisons 

There were no differences between TR-Y and TR-N groups on any de-

ographic measures, clinician-administered measures, self-report mea-

ures, or substance use severity measures, except for PCL scores (see

.1). 

.3. Imaging results: Primary 

Analysis revealed a significant interaction of Group (TR-Y vs. TR-N)

 Half (novel vs repeated exposure) in the left ( F (1,31) = 7.42, p = 0.011,

ohen’s d = 0.95) and right amygdala ( F (1,31) = 5.31, p = 0.028, Co-

en’s d = 0.95). Posthoc tests showed significant amygdala reactivity

ifferences between groups to repeated (but not novel) cues (left amyg-

ala: p < 0.001, Cohen’s d = 1.25; right amygdala: p = 0.002, Cohen’s

 = 1.19). There were no differences between the left and right amyg-

ala; thus, parameter estimates were averaged and treated as one aROI

or the remainder of the analyses. 

A significant relationship was found for greater TR-Y amygdala re-

ctivity to repeated cues and higher craving scores ( r = 0.47, p < 0.05);

here was a non-significant inverse correlation between TR-N amyg-

ala response to repeated cues and craving scores ( r = − 0.22, NS).

his resulted in a significant difference between the two correlations

z score = 2, p = 0.018). There was no significant association between

mygdala response and emotion regulation scores, as measured by the

ERS. 

.4. Results: Exploratory 

Exploratory analyses tested whether there were interaction (or main)

ffects in other relevant aROIs (see methods). Uncorrected results sug-

est a significant interaction effect in the hippocampus (See Supplemen-

al Figure 1). 

. Discussion 

.1. Summary and interpretations 

This study tested whether prior trauma interacted with the amyg-

ala response to novel or repeated aversive cues in individuals with

UD. Specifically, we tested whether there were differences in the ini-

ial response to novel aversive (vs. neutral) cues and whether there was

 non-habituating amygdala response (NHAR) to repeated aversive (vs.

eutral) cues. We found a significant interaction of TR-Y vs. TR-N and

mygdala response to novel vs. repeated cues, with group differences

o repeated (but not novel) cues; the TR-Y group exhibited a NHAR to

epeated cues compared to the TR-N group. NHAR significantly corre-

ponded with baseline craving scores for the TR-Y group, with greater

mygdala response to repeated cues positively correlating with higher

raving scores, significantly different from the (non-significant) inverse

orrelation in the TR-N group. 

The study is in line with recent evidence showing a non-habituating

esponse (in the amygdala and other regions) in trauma-exposure (non-

TSD) populations ( Kim et al., 2019 ; Regier et al., 2017 ) and other types

f pathology. Typically, the amygdala reliably habituates to repeated

timuli ( Plichta et al., 2014 ). Thus, when it does not (i.e., NHAR), it has

een linked to mental health conditions, including anxiety ( Avery and

lackford, 2016 ; Bas-Hoogendam et al., 2019 ; Blackford et al., 2013 ),

utism ( Kleinhans et al., 2016 ; Swartz et al., 2013 ), and schizophrenia

 Holt et al., 2005 ; Williams et al., 2013 ). Of note, prior studies found

hat those with trauma exposure and a diagnosis of PTSD did not ap-

ear to have a NHAR to negative cues. Instead, increased habituation in

hose with PTSD was linked to worse PTSD symptoms ( Kim et al., 2019 ;
5 
tevens et al., 2017 ); yet, it is unclear whether this is due to a height-

ned response to novel negative stimuli or a non-habituating response

o repeated negative stimuli. Previously, we found that both the initial

heightened but rapidly habituating ” response and the “non-habituating

esponse to repeated cues ” were linked to prior trauma ( Regier et al.,

017 ), but only a non-habituating response was linked to outcomes

 Regier et al., 2021 ). 

The present study adds to this data, showing findings of an in-

eraction between trauma exposure and NHAR associated with crav-

ng in a CUD population, and that in the TR-Y group, the NHAR cor-

esponded with baseline craving and thus relapse vulnerability (e.g.,

eo and Sinha, 2014 ; Serre et al., 2015 ; Weiss, 2005 ). Only one other

tudy found a relationship between NHAR and craving in a substance-

se population ( Murphy et al., 2018 ). However, this is the first study

o show a relationship in those with CUD and that prior trauma inter-

cts with NHAR and craving. Recent findings show that trauma-exposed

annabis users report increased cannabis craving following trauma cues

 Farrelly et al., 2022 ) and that the link between symptom severity

nd craving is greater following trauma cues relative to cannabis cues

 Romero-Sanchiz et al., 2022 ). Trauma exposure is common within the

UD population ( Kevorkian et al., 2015 ) and contributes to difficulty

ith cannabis cessation ( Bonn-Miller et al., 2015 ). For example, stud-

es have found that cannabis use is linked with greater posttraumatic

tress symptom severity ( Bonn-Miller et al., 2013 ; Lee et al., 2018 ;

ilkinson et al., 2015 ) and increased distress intolerance ( Farris and

etrik, 2016 ). 

In contrast to our hypothesis, we did not find a relationship between

motional regulation (measured with DERS) and NHAR. Prior work sup-

orts a relationship between emotion dysregulation and CUD ( Bonn-

iller et al., 2015 ), and the relationship between symptom severity and

spects of CUD appears to be fully mediated by difficulties in emotion

egulation ( Bonn-Miller et al., 2011 ). However, the present results sug-

est NHAR may not be an underlying neural correlate of the relationship

etween emotional dysregulation and CUD. 

Our results suggest a putative brain mechanism by which NHAR

mong TR-Y subjects may reflect a unique clinical feature requiring

 transdiagnostic treatment approach. Transdiagnostic treatment ap-

roaches, which integrate evidence-based interventions to simultane-

usly address a range of disorders ( Schaeuffele et al., 2021 ), may hold

romise for CUD and posttraumatic stress. Prior research suggests the

tility of integrating specific components of cognitive behavioral ther-

py (CBT) for anxiety and posttraumatic stress with CBT and motivation

nhancement therapy components for drug misuse ( Murray et al., 2014 ;

uckner et al., 2021 , 2019 ). However, additional research is needed

o determine how such approaches result in desired outcomes across

UD populations with varying posttraumatic stress. Although mental

ealth symptoms did not differ between groups and no one had PTSD

in this pre-existing dataset), recent research showing an association be-

ween untreated traumatic stress and increased prospective cannabis use

 Hicks et al., 2022 ; Metrik et al., 2022 ) warrants the implementation

ransdiagnostic treatment approaches to mitigate cannabis use. 

.2. Limitations and future directions 

Several limitations should be considered. The sample size was small;

 larger CUD sample with and without trauma is needed to replicate the

urrent findings. The small sample size also precluded analyses of the

ERS sub-factors or how specific emotion regulation difficulties may be

ssociated with brain reactivity. The sample was also comprised of both

obacco users and non-users. While the TR-Y and TR-N groups did not

tatistically differ in terms of number of smokers, frequency or number

f cigarettes smoked, nicotine dependence is an important comorbidity

hat should be accounted for statistically in future studies. Future studies

ight apply the current study’s conceptual framework (i.e., measuring

he change in amygdala response over time to aversive cues) to a larger

UD sample with greater variability in trauma exposure. Additionally,
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H  
 more thorough evaluation type of trauma exposure (i.e., Life Events

hecklist for DSM-5; Weathers et al., 2013) and PTSD (i.e., Clinician-

dministered PTSD Scale, CAPS; Weathers et al., 2013) would enable a

ore nuanced investigation into the role that specific trauma exposures

nd PTSD symptom clusters (i.e., avoidance, hyperarousal) might inter-

ct with CUD and associate with NHAR, in addition to helping address

oted discrepancies of self-reported trauma. Additional limitations are

nherent due to the study being a secondary analysis utilizing previously

ollected data. First, there are only two repetitions for which to measure

he NHAR; multiple repetitions would allow for applying a slope anal-

sis suggested by previous studies ( Plichta et al., 2014 ). Second, this

econdary analysis focused on aversive cue exposure using a task that

ncluded other evocative cues and was part of a battery of fMRI tasks.

herefore, it cannot be ruled out that exposure to other cues presented

n the present task (i.e., drug, sex) or preceding tasks influenced the

resent findings. Another limitation is the lack of control or comparison

roups (i.e., non-CUD trauma-exposed cohort, healthy controls), limit-

ng the inferences that can be made. 

.3. Conclusions 

This is a novel secondary analysis of data collected in individuals

ith CUD with or without prior trauma. We found that those with CUD

nd trauma exhibited a non-habituating amygdala response (NHAR)

o repeated aversive cues compared to those with CUD but without

rauma. NHAR aligned with craving scores in the TR-Y (but not TR-

) group, with amygdala response to repeated cues positively correlat-

ng with craving scores. These results suggest that NHAR may interact

ith trauma, producing a relapse-vulnerability subgroup and that in-

erventions aimed at addressing NHAR may help prevent craving and

ubsequent relapse. 

Contributors: PR and MG contributed equally. Conceptualization

PR, MG), functional MRI Data acquisition and pre-processing (KJ, PR);

ehavioral data acquisition (SD, MG); behavioral data analyses (MG,

R); functional MRI data analyses (PR); writing the original draft (MG,

R); re-visions and editing (ARC, TF, RW). This manuscript has been

ead and approved by all authors. 

uthor disclosures 

ole of funding source 

This study was supported by the Commonwealth of Pennsylvania

ommonwealth Universal Research Enhancement (CURE) grant. The

unding source had no other role in the research other than financial

upport. All authors have read and approved the final manuscript. 

onflict of Interest 

Given her role as Editor-in-Chief, Teresa Franklin, PhD had no in-

olvement in the peer-review of this article and has no access to infor-

ation regarding its peer-review. Given her role as an Editorial Board

ember, Reagan Wetherill, PhD had no involvement in the peer-review

f this article and has no access to information regarding its peer-review.

ull responsibility for the editorial process for this article was delegated

o Associate Editor, Sherry McKee, PhD. 

cknowledgements 

We thank the clinical and support staff at the Center for the Studies

f Addiction, Perelman School of Medicine at the University of Penn-

ylvania, the MRI technical staff at the Hospital of the University of

ennsylvania, and all individuals who participated in this research. 
6 
upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.dadr.2022.100098 . 

eferences 

grawal, A., Lynskey, M.T., 2014. Cannabis controversies: how genetics can inform the

study of comorbidity. Addiction 109, 360–370. doi: 10.1111/add.12436 . 

very, S.N., Blackford, J.U., 2016. Slow to warm up: the role of habituation in social fear.

Soc. Cogn. Affect. Neurosci. 11, 1832–1840. doi: 10.1093/scan/nsw095 . 

as-Hoogendam, J.M., van Steenbergen, H., Blackford, J.U., Tissier, R.L.M., van der

Wee, N.J.A., Westenberg, P.M., 2019. Impaired neural habituation to neutral faces in

families genetically enriched for social anxiety disorder. Depress. Anxiety 36, 1143–

1153. doi: 10.1002/da.22962 . 

lackford, J.U., Allen, A.H., Cowan, R.L., Avery, S.N., 2013. Amygdala and hippocampus

fail to habituate to faces in individuals with an inhibited temperament. Soc. Cogn.

Affect. Neurosci. 8, 143–150. doi: 10.1093/scan/nsr078 . 

onn-Miller, M.O., Boden, M.T., Vujanovic, A.A., Drescher, K.D., 2013. Prospective in-

vestigation of the impact of cannabis use disorders on posttraumatic stress disorder

symptoms among veterans in residential treatment. Psychol. Trauma: Theory Res.

Practice Policy 5, 193–200. doi: 10.1037/a0026621 . 

onn-Miller, M.O., Moos, R.H., Boden, M.T., Long, W.R., Kimerling, R., Trafton, J.A., 2015.

The impact of posttraumatic stress disorder on cannabis quit success. Am. J. Drug

Alcohol Abuse 41, 339–344. doi: 10.3109/00952990.2015.1043209 . 

onn-Miller, M.O., Vujanovic, A.A., Boden, M.T., Gross, J.J., 2011. Posttraumatic stress,

difficulties in emotion regulation, and coping-oriented marijuana use. Cogn. Behav.

Ther. 40, 34–44. doi: 10.1080/16506073.2010.525253 . 

uckner, J.D., Morris, P.E., Zvolensky, M.J., 2021. Integrated cognitive-behavioral therapy

for comorbid cannabis use and anxiety disorders: the impact of severity of cannabis

use. Exp. Clin. Psychopharmacol. 29, 272–278. doi: 10.1037/pha0000456 . 

uckner, J.D., Zvolensky, M.J., Ecker, A.H., Schmidt, N.B., Lewis, E.M., Paulus, D.J.,

Lopez-Gamundi, P., Crapanzano, K.A., Bakhshaie, J., 2019. Integrated cognitive be-

havioral therapy for comorbid cannabis use and anxiety disorders: a pilot randomized

controlled trial. Behav. Res. Ther. 115, 38–45. doi: 10.1016/j.brat.2018.10.014 . 

arter, B.L., Tiffany, S.T., 1999. Meta-analysis of cue-reactivity in addiction research. Ad-

diction 94, 327–340 . 

hildress, A.R., Mozley, P.D., McElgin, W., Fitzgerald, J., Reivich, M., O’Brien, C.P., 1999.

Limbic activation during cue-induced cocaine craving. Am. J. Psychiatry 156, 11–18.

doi: 10.1176/ajp.156.1.11 . 

ohen, J., 1992. Statistical Power Analysis. Curr. Dir. Psychol. Sci. 1, 98–101 . 

ougle, J.R., Bonn-Miller, M.O., Vujanovic, A.A., Zvolensky, M.J., Hawkins, K.A., 2011.

Posttraumatic stress disorder and cannabis use in a nationally representative sample.

Psychol. Addict. Behav. 25, 554–558. doi: 10.1037/a0023076 . 

avis, M.L., Powers, M.B., Handelsman, P., Medina, J.L., Zvolensky, M., Smits, J.A.J.,

2015. Behavioral therapies for treatment-seeking cannabis users: a meta-

analysis of randomized controlled trials. Eval. Health Prof. 38, 94–114.

doi: 10.1177/0163278714529970 . 

enis, C.M., Cacciola, J.S., Alterman, A.I., 2013. Addiction Severity Index (ASI) summary

scores: comparison of the Recent Status Scores of the ASI-6 and the Composite Scores

of the ASI-5. J. Subst. Abuse Treat. 45, 444–450. doi: 10.1016/j.jsat.2013.06.003 . 

khtiari, H., Kuplicki, R., Aupperle, R.L., Paulus, M.P., 2021. It is never as good the sec-

ond time around: brain areas involved in salience processing habituate during re-

peated drug cue exposure in treatment engaged abstinent methamphetamine and opi-

oid users. Neuroimage 238, 118180. doi: 10.1016/j.neuroimage.2021.118180 . 

khtiari, H., Zare-Bidoky, M., Sangchooli, A., Janes, A.C., Kaufman, M.J., Oliver, J.A.,

Prisciandaro, J.J., Wüstenberg, T., Anton, R.F., Bach, P., Baldacchino, A., Beck, A.,

Bjork, J.M., Brewer, J., Childress, A.R., Claus, E.D., Courtney, K.E., Ebrahimi, M.,

Filbey, F.M., Ghahremani, D.G., Azbari, P.G., Goldstein, R.Z., Goudriaan, A.E.,

Grodin, E.N., Hamilton, J.P., Hanlon, C.A., Hassani-Abharian, P., Heinz, A.,

Joseph, J.E., Kiefer, F., Zonoozi, A.K., Kober, H., Kuplicki, R., Li, Q., London, E.D., Mc-

Clernon, J., Noori, H.R., Owens, M.M., Paulus, M.P., Perini, I., Potenza, M., Potvin, S.,

Ray, L., Schacht, J.P., Seo, D., Sinha, R., Smolka, M.N., Spanagel, R., Steele, V.R.,

Stein, E.A., Steins-Loeber, S., Tapert, S.F., Verdejo-Garcia, A., Vollstädt-Klein, S.,

Wetherill, R.R., Wilson, S.J., Witkiewitz, K., Yuan, K., Zhang, X., Zilverstand, A., 2022.

A methodological checklist for fMRI drug cue reactivity studies: development and ex-

pert consensus. Nat. Protoc. 1–31. doi: 10.1038/s41596-021-00649-4 . 

arrelly, K.N., Romero-Sanchiz, P., Mahu, T., Barrett, S.P., Collins, P., Rasic, D., Stew-

art, S.H., 2022. Posttraumatic Stress Disorder Symptoms and Coping Motives are In-

dependently Associated with Cannabis Craving Elicited by Trauma Cues. J. Trauma

Stress 35, 178–185. doi: 10.1002/jts.22715 . 

arris, S.G., Metrik, J., 2016. Acute effects of cannabis on breath-holding duration. Exp.

Clin. Psychopharmacol. 24, 305–312. doi: 10.1037/pha0000075 . 

rant, J.D., Agrawal, A., Werner, K.B., McCutcheon, V.V., Nelson, E.C., Madden, P.A.F.,

Bucholz, K.K., Heath, A.C., Sartor, C.E., 2017. Phenotypic and familial associations

between childhood maltreatment and cannabis initiation and problems in young adult

European-American and African-American women. Drug Alcohol Depend. 179, 146–

152. doi: 10.1016/j.drugalcdep.2017.06.038 . 

ratz, K.L., Roemer, L., 2004. Multidimensional assessment of emotion regulation and

dysregulation: development, factor structure, and initial validation of the diffi-

culties in emotion regulation scale. J. Psychopathol. Behav. Assess. 26, 41–54.

doi: 10.1023/B:JOBA.0000007455.08539.94 . 

amilton, M., 1960. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 23,

56–62 . 

https://doi.org/10.1016/j.dadr.2022.100098
https://doi.org/10.1111/add.12436
https://doi.org/10.1093/scan/nsw095
https://doi.org/10.1002/da.22962
https://doi.org/10.1093/scan/nsr078
https://doi.org/10.1037/a0026621
https://doi.org/10.3109/00952990.2015.1043209
https://doi.org/10.1080/16506073.2010.525253
https://doi.org/10.1037/pha0000456
https://doi.org/10.1016/j.brat.2018.10.014
http://refhub.elsevier.com/S2772-7246(22)00073-7/sbref0011
https://doi.org/10.1176/ajp.156.1.11
http://refhub.elsevier.com/S2772-7246(22)00073-7/sbref0013
https://doi.org/10.1037/a0023076
https://doi.org/10.1177/0163278714529970
https://doi.org/10.1016/j.jsat.2013.06.003
https://doi.org/10.1016/j.neuroimage.2021.118180
https://doi.org/10.1038/s41596-021-00649-4
https://doi.org/10.1002/jts.22715
https://doi.org/10.1037/pha0000075
https://doi.org/10.1016/j.drugalcdep.2017.06.038
https://doi.org/10.1023/B:JOBA.0000007455.08539.94
http://refhub.elsevier.com/S2772-7246(22)00073-7/sbref0023


P.S. Regier, M.J. Gawrysiak, K. Jagannathan et al. Drug and Alcohol Dependence Reports 5 (2022) 100098 

H  

H  

H  

 

H  

 

 

H  

 

 

J  

 

 

K  

 

 

K  

 

K  

 

K  

 

K  

K  

 

 

K  

L  

 

L  

 

L  

 

M  

 

M  

 

 

 

M  

 

 

M  

 

 

P  

 

 

P  

 

P  

 

P  

 

 

P  

 

 

 

Q  

R  

 

 

R  

 

 

 

R  

 

 

S  

 

 

S  

 

S  

 

S  

 

S  

 

 

C  

 

 

S  

 

S  

 

 

S  

 

S  

 

S  

 

S  

 

 

S  

 

 

 

S  

 

T  

 

V  

 

V  

 

W  

 

 

W  

W  

 

 

 

W  

 

 

amilton, M., 1959. The assessment of anxiety states by rating. Br. J. Med. Psychol. 32,

50–55. doi: 10.1111/j.2044-8341.1959.tb00467.x . 

art, H., Rubia, K., 2012. Neuroimaging of child abuse: a critical review. Front. Hum.

Neurosci. 6, 52. doi: 10.3389/fnhum.2012.00052 . 

artwell, K.J., Johnson, K.A., Li, X., Myrick, H., LeMatty, T., George, M.S., Brady, K.T.,

2011. Neural correlates of craving and resisting craving for tobacco in nicotine depen-

dent smokers. Addict. Biol. 16, 654–666. doi: 10.1111/j.1369-1600.2011.00340.x . 

icks, T.A., Bountress, K.E., Adkins, A.E., Svikis, D.S., Gillespie, N.A., Dick, D.M., Spit

For Science Working Group, null, Amstadter, A.B., 2022. A longitudinal mediational

investigation of risk pathways among cannabis use, interpersonal trauma exposure,

and trauma-related distress. Psychol. Trauma. https://doi.org/10.1037/tra0001207 

olt, D.J., Weiss, A.P., Rauch, S.L., Wright, C.I., Zalesak, M., Goff, D.C., Dit-

man, T., Welsh, R.C., Heckers, S., 2005. Sustained activation of the hippocam-

pus in response to fearful faces in schizophrenia. Biol. Psychiatry 57, 1011–1019.

doi: 10.1016/j.biopsych.2005.01.033 . 

afakesh, S., Sangchooli, A., Aarabi, A., Helfroush, M.S., Dakhili, A., Oghabian, M.A.,

Kazemi, K., Ekhtiari, H., 2022. Temporally dynamic interaction between drug cue re-

activity and response inhibition: an fMRI study among people with methamphetamine

use disorder. https://doi.org/10.21203/rs.3.rs-712109/v1 

evorkian, S., Bonn-Miller, M.O., Belendiuk, K., Carney, D.M., Roberson-Nay, R.,

Berenz, E.C., 2015. Associations among trauma, posttraumatic stress disorder,

cannabis use, and cannabis use disorder in a nationally representative epidemiologic

sample. Psychol. Addict. Behav. 29, 633–638. doi: 10.1037/adb0000110 . 

im, Y.J., Rooij, S.J.H., Ely, T.D., Fani, N., Ressler, K.J., Jovanovic, T., Stevens, J.S., 2019.

Association between posttraumatic stress disorder severity and amygdala habituation

to fearful stimuli. Depress. Anxiety 36, 647–658. doi: 10.1002/da.22928 . 

leinhans, N.M., Johnson, L.C., Richards, T., Mahurin, R., Greenson, J., Dawson, G., Ayl-

ward, E., 2009. Reduced neural habituation in the amygdala and social impairments

in autism spectrum disorders. Am. J. Psychiatry 166, 467–475 . 

leinhans, N.M., Richards, T., Greenson, J., Dawson, G., Aylward, E., 2016. Altered Dy-

namics of the fMRI Response to Faces in Individuals with Autism. J. Autism Dev.

Disord. 46, 232–241. doi: 10.1007/s10803-015-2565-8 . 

oob, G.F., Volkow, N.D., 2016. Neurobiology of addiction: a neurocircuitry analysis.

Lancet Psychiatry 3, 760–773. doi: 10.1016/S2215-0366(16)00104-8 . 

osaka, H., Omori, M., Iidaka, T., Murata, T., Shimoyama, T., Okada, T.,

Sadato, N., Yonekura, Y., Wada, Y., 2003. Neural substrates participating in

acquisition of facial familiarity: an fMRI study. Neuroimage 20, 1734–1742.

doi: 10.1016/S1053-8119(03)00447-6 . 

roon, E., Kuhns, L., Hoch, E., Cousijn, J., 2020. Heavy cannabis use, dependence and the

brain: a clinical perspective. Addiction 115, 559–572. doi: 10.1111/add.14776 . 

ang, P.J., Bradley, M.M., Cuthbert, B.N., 1999. International Affective Picture System

(IAPS): Instruction manual and Affective ratings. The center For Research in Psy-

chophysiology. University of Florida . 

ee, J.Y., Brook, J.S., Finch, S.J., Brook, D.W., 2018. Trajectories of cannabis use beginning

in adolescence associated with symptoms of posttraumatic stress disorder in the mid-

thirties. Subst. Abus. 39, 39–45. doi: 10.1080/08897077.2017.1363121 . 

undqvist, T., 2005. Cognitive consequences of cannabis use: comparison with abuse of

stimulants and heroin with regard to attention, memory and executive functions. Phar-

macol. Biochem. Behav. 81, 319–330. doi: 10.1016/j.pbb.2005.02.017 . 

etrik, J., Stevens, A.K., Gunn, R.L., Borsari, B., Jackson, K.M., 2022. Cannabis use and

posttraumatic stress disorder: prospective evidence from a longitudinal study of vet-

erans. Psychol. Med. 52, 446–456. doi: 10.1017/S003329172000197X . 

oeller, S.J., Paulus, M.P., 2018. Toward biomarkers of the addicted human

brain: using neuroimaging to predict relapse and sustained abstinence in sub-

stance use disorder. Prog. Neuropsychopharmacol. Biol. Psychiatry 80, 143–154.

doi: 10.1016/j.pnpbp.2017.03.003 , Neuroimaging in psychiatry: Steps toward the

clinical application of brain imaging in psychiatric disorders . 

urphy, A., Lubman, D.I., McKie, S., Bijral, P.S., Peters, L.A., Faiz, Q., Holmes, S.E., Ander-

son, I.M., Deakin, B., Elliott, R., 2018. Time-dependent neuronal changes associated

with craving in opioid dependence: an fMRI study: craving in opioid dependence.

Addict. Biol. 23, 1168–1178. doi: 10.1111/adb.12554 . 

urray, L.K., Dorsey, S., Haroz, E., Lee, C., Alsiary, M.M., Haydary, A., Weiss, W.M.,

Bolton, P., 2014. A Common Elements Treatment Approach for Adult Mental Health

Problems in Low- and Middle-Income Countries. Cogn. Behav. Pract. 21, 111–123.

doi: 10.1016/j.cbpra.2013.06.005 . 

agliaccio, D., Luby, J.L., Bogdan, R., Agrawal, A., Gaffrey, M.S., Belden, A.C., Bot-

teron, K.N., Harms, M.P., Barch, D.M., 2015. Amygdala functional connectivity, HPA

axis genetic variation, and life stress in children and relations to anxiety and emotion

regulation. J. Abnorm. Psychol. 124, 817–833. doi: 10.1037/abn0000094 . 

atel, R., Spreng, R.N., Shin, L.M., Girard, T.A., 2012. Neurocircuitry models of posttrau-

matic stress disorder and beyond: a meta-analysis of functional neuroimaging studies.

Neurosci. Biobehav. Rev. 36, 2130–2142. doi: 10.1016/j.neubiorev.2012.06.003 . 

ineles, S.L., Suvak, M.K., Liverant, G.I., Gregor, K., Wisco, B.E., Pitman, R.K., Orr, S.P.,

2013. Psychophysiologic reactivity, subjective distress, and their associations with

PTSD diagnosis. J. Abnorm. Psychol. 122, 635–644. doi: 10.1037/a0033942 . 

lichta, M.M., Grimm, O., Morgen, K., Mier, D., Sauer, C., Haddad, L., Tost, H.,

Esslinger, C., Kirsch, P., Schwarz, A.J., Meyer-Lindenberg, A., 2014. Amyg-

dala habituation: a reliable fMRI phenotype. Neuroimage 103, 383–390.

doi: 10.1016/j.neuroimage.2014.09.059 . 

rotopopescu, X., Pan, H., Tuescher, O., Cloitre, M., Goldstein, M., Engelien, W.,

Epstein, J., Yang, Y., Gorman, J., LeDoux, J., Silbersweig, D., Stern, E., 2005.

Differential time courses and specificity of amygdala activity in posttraumatic

stress disorder subjects and normal control subjects. Biol. Psychiatry 57, 464–473.

doi: 10.1016/j.biopsych.2004.12.026 . 

uinn, P.D., Fromme, K., 2010. Self-regulation as a protective factor against risky drinking

and sexual behavior. Psychol. Addict. Behav. 24, 376–385. doi: 10.1037/a0018547 . 
7 
egier, P.S., Jagannathan, K., Franklin, T.R., Wetherill, R.R., Langleben, D.D., Gawyr-

siak, M., Kampman, K.M., Childress, A.R., 2021. Sustained brain response to re-

peated drug cues is associated with poor drug-use outcomes. Addict. Biol. 26, e13028.

doi: 10.1111/adb.13028 . 

egier, P.S., Monge, Z.A., Franklin, T.R., Wetherill, R.R., Teitelman, A., Jagannathan, K.,

Suh, J.J., Wang, Z., Young, K.A., Gawrysiak, M., Langleben, D.D., Kampman, K.M.,

O’Brien, C.P., Childress, A.R., 2017. Emotional, physical and sexual abuse are associ-

ated with a heightened limbic response to cocaine cues. Addict. Biol. 22, 1768–1777.

doi: 10.1111/adb.12445 . 

omero-Sanchiz, P., Mahu, I.T., Barrett, S.P., Salmon, J.P., Al-Hamdani, M., Swans-

burg, J.E., Stewart, S.H., 2022. Craving and emotional responses to trauma and

cannabis cues in trauma-exposed cannabis users: influence of PTSD symptom severity.

Addict. Behav. 125, 107126. doi: 10.1016/j.addbeh.2021.107126 . 

AMHSA, 2021. Key substance use and mental health indicators in the United States:

results from the 2020 National Survey on Drug Use and Health (NSDUH Series H-56

No. HHS Publication No.PEP21-07-01-003). Center for Behavioral Health Statistics

and Quality, Substance Abuse and Mental Health Services Administration. 

atre, D.D., Bahorik, A., Zaman, T., Ramo, D., 2018. Psychiatric Disorders and Comorbid

Cannabis Use: how Common Is It and What Is the Clinical Impact? J. Clin. Psychiatry

79. doi: 10.4088/JCP.18ac12267 , 18ac12267 . 

chacht, J.P., Anton, R.F., Myrick, H., 2013. Functional neuroimaging studies of alcohol

cue reactivity: a quantitative meta-analysis and systematic review. Addict. Biol. 18,

121–133. doi: 10.1111/j.1369-1600.2012.00464.x . 

chaeuffele, C., Schulz, A., Knaevelsrud, C., Renneberg, B., & Boettcher, J. (2021). CBT

at the Crossroads: The Rise of Transdiagnostic Treatments. International Journal of

Cognitive Therapy, 14(1), 86-113. doi: 10.1007/s41811-020-00095-2 . 

ehl, H., Terrett, G., Greenwood, L.-.M., Kowalczyk, M., Thomson, H., Poudel, G., Man-

ning, V., Lorenzetti, V., 2021. Patterns of brain function associated with cannabis

cue-reactivity in regular cannabis users: a systematic review of fMRI studies. Psy-

chopharmacology (Berl.) 238, 2709–2728. doi: 10.1007/s00213-021-05973-x . 

hapter 21 - The neurobiology of alcohol craving and relapse Seo, D.,

Sinha, R.Sullivan, E.V., Pfefferbaum, A. (Eds.), 2014. Handbook of Clin-

ical Neurology, Alcohol and the Nervous System. Elsevier 355–368.

doi: 10.1016/B978-0-444-62619-6.00021-5 . 

erre, F., Fatseas, M., Swendsen, J., Auriacombe, M., 2015. Ecological momentary as-

sessment in the investigation of craving and substance use in daily life: a systematic

review. Drug Alcohol Depend. 148, 1–20. doi: 10.1016/j.drugalcdep.2014.12.024 . 

heehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., Her-

gueta, T., Baker, R., Dunbar, G.C., 1998. The Mini-International Neuropsychiatric

Interview (M.I.N.I.): the development and validation of a structured diagnostic psy-

chiatric interview for DSM-IV and ICD-10. J. Clin. Psychiatry (20) 22–33 59 Suppl . 

herman, B.J., McRae-Clark, A.L., 2016. Treatment of cannabis use disorder: cur-

rent science and future outlook. Pharmacotherapy 36, 511–535. doi: 10.1002/phar.

1747 . 

hvil, E., Rusch, H.L., Sullivan, G.M., Neria, Y., 2013. Neural, psychophysiological, and

behavioral markers of fear processing in PTSD: a review of the literature. Curr. Psy-

chiatry Rep. 15, 358. doi: 10.1007/s11920-013-0358-3 . 

inha, R., Lacadie, C.M., Constable, R.T., Seo, D., 2016. Dynamic neu-

ral activity during stress signals resilient coping. PNAS 201600965.

https://doi.org/10.1073/pnas.1600965113 

obell, L.C., Sobell, M.B., 1992. Timeline follow-back: a technique for assessing self-

reported alcohol consumption. In: Measuring Alcohol Consumption: Psychoso-

cial and Biochemical Methods. Humana Press, Totowa, NJ, US, pp. 41–72.

doi: 10.1007/978-1-4612-0357-5_3 . 

tevens, J.S., Kim, Y.J., Galatzer-Levy, I.R., Reddy, R., Ely, T.D., Nemeroff, C.B., Hu-

dak, L.A., Jovanovic, T., Rothbaum, B.O., Ressler, K.J., 2017. Amygdala reactiv-

ity and anterior cingulate habituation predict posttraumatic stress disorder symp-

tom maintenance after acute civilian trauma. Biol. Psychiatry 81, 1023–1029.

doi: 10.1016/j.biopsych.2016.11.015 . 

wartz, J.R., Wiggins, J.L., Carrasco, M., Lord, C., Monk, C.S., 2013. Amygdala habituation

and prefrontal functional connectivity in youth with autism spectrum disorders. J. Am.

Acad. Child Adolesc. Psychiatry 52, 84–93 . 

eicher, M.H., Samson, J.A., Anderson, C.M., Ohashi, K., 2016. The effects of childhood

maltreatment on brain structure, function and connectivity. Nat. Rev. Neurosci. 17,

652–666. doi: 10.1038/nrn.2016.111 . 

an Hedger, K., Keedy, S.K., Mayo, L.M., Heilig, M., de Wit, H., 2018. Neural responses to

cues paired with methamphetamine in healthy volunteers. Neuropsychopharmacol-

ogy 43, 1732–1737. doi: 10.1038/s41386-017-0005-5 . 

olkow, N.D., 2006. Cocaine Cues and Dopamine in Dorsal Striatum: mechanism of

Craving in Cocaine Addiction. J. Neurosci. 26, 6583–6588. doi: 10.1523/JNEU-

ROSCI.1544-06.2006 . 

eathers, F., Litz, B., Herman, D., Huska, J., & Keane, T. (October 1993). The PTSD Check-

list (PCL): Reliability, Validity, and Diagnostic Utility . Paper presented at the Annual

Convention of the International Society for Traumatic Stress Studies, San Antonio,

TX. 

eiss, F., 2005. Neurobiology of craving, conditioned reward and relapse. Curr. Opin.

Pharmacol. 5, 9–19. doi: 10.1016/j.coph.2004.11.001 . 

erner, K.B., McCutcheon, V.V., Agrawal, A., Sartor, C.E., Nelson, E.C., Heath, A.C.,

Bucholz, K.K., 2016. The association of specific traumatic experiences with

cannabis initiation and transition to problem use: differences between African-

American and European-American women. Drug Alcohol Depend. 162, 162–169.

doi: 10.1016/j.drugalcdep.2016.03.003 . 

etherill, R.R., Childress, A.R., Jagannathan, K., Bender, J., Young, K.A., Suh, J.J.,

O’Brien, C.P., Franklin, T.R., 2014. Neural responses to subliminally presented

cannabis and other emotionally evocative cues in cannabis-dependent individuals.

Psychopharmacology (Berl.) 231, 1397–1407. doi: 10.1007/s00213-013-3342-z . 

https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.3389/fnhum.2012.00052
https://doi.org/10.1111/j.1369-1600.2011.00340.x
https://doi.org/10.1016/j.biopsych.2005.01.033
https://doi.org/10.1037/adb0000110
https://doi.org/10.1002/da.22928
http://refhub.elsevier.com/S2772-7246(22)00073-7/sbref0033
https://doi.org/10.1007/s10803-015-2565-8
https://doi.org/10.1016/S2215-0366(16)00104-8
https://doi.org/10.1016/S1053-8119(03)00447-6
https://doi.org/10.1111/add.14776
http://refhub.elsevier.com/S2772-7246(22)00073-7/sbref0038
https://doi.org/10.1080/08897077.2017.1363121
https://doi.org/10.1016/j.pbb.2005.02.017
https://doi.org/10.1017/S003329172000197X
https://doi.org/10.1016/j.pnpbp.2017.03.003
https://doi.org/10.1111/adb.12554
https://doi.org/10.1016/j.cbpra.2013.06.005
https://doi.org/10.1037/abn0000094
https://doi.org/10.1016/j.neubiorev.2012.06.003
https://doi.org/10.1037/a0033942
https://doi.org/10.1016/j.neuroimage.2014.09.059
https://doi.org/10.1016/j.biopsych.2004.12.026
https://doi.org/10.1037/a0018547
https://doi.org/10.1111/adb.13028
https://doi.org/10.1111/adb.12445
https://doi.org/10.1016/j.addbeh.2021.107126
https://doi.org/10.4088/JCP.18ac12267
https://doi.org/10.1111/j.1369-1600.2012.00464.x
https://doi.org/10.1007/s41811-020-00095-2
https://doi.org/10.1007/s00213-021-05973-x
https://doi.org/10.1016/B978-0-444-62619-6.00021-5
https://doi.org/10.1016/j.drugalcdep.2014.12.024
http://refhub.elsevier.com/S2772-7246(22)00073-7/sbref0061
https://doi.org/10.1002/phar.\penalty -\@M 1747
https://doi.org/10.1007/s11920-013-0358-3
https://doi.org/10.1007/978-1-4612-0357-5_3
https://doi.org/10.1016/j.biopsych.2016.11.015
http://refhub.elsevier.com/S2772-7246(22)00073-7/sbref0067
https://doi.org/10.1038/nrn.2016.111
https://doi.org/10.1038/s41386-017-0005-5
https://doi.org/10.1523/JNEUROSCI.1544-06.2006
https://doi.org/10.1016/j.coph.2004.11.001
https://doi.org/10.1016/j.drugalcdep.2016.03.003
https://doi.org/10.1007/s00213-013-3342-z


P.S. Regier, M.J. Gawrysiak, K. Jagannathan et al. Drug and Alcohol Dependence Reports 5 (2022) 100098 

W  

 

 

W  

 

W  

 

 

Y  

 

 

Z  

 

ilkinson, S.T., Stefanovics, E., Rosenheck, R.A., 2015. Marijuana use is associated with

worse outcomes in symptom severity and violent behavior in patients with posttrau-

matic stress disorder. J. Clin. Psychiatry 76, 1174–1180. doi: 10.4088/JCP.14m09475 .

illiams, L.E., Blackford, J.U., Luksik, A., Gauthier, I., Heckers, S., 2013. Re-

duced habituation in patients with schizophrenia. Schizophr. Res. 151, 124–132.

doi: 10.1016/j.schres.2013.10.017 . 

right, C.I., Fischer, H., Whalen, P.J., McInerney, S.C., Shin, L.M., Rauch, S.L., 2001.

Differential prefrontal cortex and amygdala habituation to repeatedly presented

emotional stimuli. Neuroreport 12, 379–383. doi: 10.1097/00001756-200102120-

00039 . 
8 
amamoto, T., Toki, S., Siegle, G.J., Takamura, M., Takaishi, Y., Yoshimura, S., Okada, G.,

Matsumoto, T., Nakao, T., Muranaka, H., Kaseda, Y., Murakami, T., Okamoto, Y., Ya-

mawaki, S., 2017. Increased amygdala reactivity following early life stress: a potential

resilience enhancer role. BMC Psychiatry 17, 27. doi: 10.1186/s12888-017-1201-x . 

immermann, K., Walz, C., Derckx, R.T., Kendrick, K.M., Weber, B., Dore, B.,

Ochsner, K.N., Hurlemann, R., Becker, B., 2017. Emotion regulation deficits in regular

marijuana users. Hum. Brain Mapp. 38, 4270–4279. doi: 10.1002/hbm.23671 . 

https://doi.org/10.4088/JCP.14m09475
https://doi.org/10.1016/j.schres.2013.10.017
https://doi.org/10.1097/00001756-200102120-\penalty -\@M 00039
https://doi.org/10.1186/s12888-017-1201-x
https://doi.org/10.1002/hbm.23671

	Trauma exposure among cannabis use disorder individuals was associated with a craving-correlated non-habituating amygdala response to aversive cues.
	1 Introduction
	1.1 Cannabis use disorder and trauma
	1.2 Neural cue-reactivity: traditional vs. temporal dynamics
	1.3 Neural correlates of trauma and cannabis-use disorder
	1.4 Cue-Reactivity, trauma, and behavioral correlates
	1.5 Purpose of present study

	2 Materials and methods
	2.1 Participants
	2.2 Study procedures
	2.3 Measures
	2.4 Trauma-Yes vs. Trauma-No subgroups
	2.5 Imaging methods
	2.5.1 MRI acquisition, preprocessing, and analyses
	2.5.2 Primary analyses
	2.5.3 Exploratory analyses


	3 Results
	3.1 Corroboration of trauma status
	3.2 Demographic comparisons
	3.3 Imaging results: Primary
	3.4 Results: Exploratory

	4 Discussion
	4.1 Summary and interpretations
	4.2 Limitations and future directions
	4.3 Conclusions

	Author disclosures
	Role of funding source

	Conflict of Interest
	Acknowledgements
	Supplementary materials
	References


