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Abstract: 

Background: Episodic Future Thinking (EFT) is a cognitive function that allows individuals to imagine 

novel experiences that may happen in the future. Prior studies show that EFT is impaired in different 

groups of substance users such as alcohol and heroin users. However, there is no evidence regarding the 

neurobiological mechanisms of EFT in cannabis users. 

Aim: We aimed to compare brain activations of regular cannabis users and non-using controls during an 

EFT fMRI task. Exploratory analyses were also conducted to investigate the association between EFT and 

cannabis use variables (e.g. duration of use, age onset, etc.). 
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Method: Twenty current cannabis-users and 22 drug-naïve controls underwent a single session fMRI 

while completing a task involving envisioning future-related events and retrieval of past memories as a 

control condition. The EFT fMRI task was adapted from the autobiographical interview and composed of 

20 auditory cue sentences (10 cues for past and 10 cues for future events). Participants were asked to 

recall a past or generate a future event, in response to the cues, and then rated their vividness after each 

response.  

Results: We found that cannabis-users compared to non-user controls had lower activation within the 

cerebellum, medial, and superior temporal gyrus, lateral occipital cortex, and occipital fusiform gyrus 

while envisioning future events. Cannabis-users rated the vividness of past events significantly lower than 

non-users (P<0.005). There were marginal group differences for rating the vividness of future events 

(P=0.052).  

Conclusion: Cannabis users, compared to drug-naïve controls, have lower brain activation in EFT 

relevant regions. Thus, any attempts to improve aberrant EFT performance in cannabis-users may benefit 

from EFT training. 

Keywords: Episodic Future Thinking, Mental Time Travel, Cognitive Functions, Cannabis, fMRI 

 

1) Introduction: 

There has been a significant interest in studying cannabis over the last few years in the field of addiction 

medicine (1, 2). Indeed, cannabis is the most widely used illicit psychoactive substance in the world (3, 

4). 188 million people worldwide use cannabis (5), and 10 to 30% of cannabis users endorse symptoms 

consistent with a Cannabis Use Disorder (CUD) (6). According to the current revision of the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-5), CUD is defined by criteria including impaired 

control (e.g., hazardous use), social dysfunctions (e.g., interpersonal problems), risky behaviors, and 

physiological adaptation (i.e. tolerance) (7-8, 4, 9-10). Both acute and long-term uses of cannabis are 

associated with aberrant cognition in a wide range of cognitive domains (11-12). Several neuroimaging 
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studies have reported structural (13) and functional (14) brain alterations in individuals with CUD (15-

17), specifically in the memory-related brain pathways (18) (For a review see 19).  

While the association between cannabis use and cognitive functioning has been well-investigated in many 

cognitive domains (20- 23), our knowledge of links between cannabis use and future-oriented cognition is 

still limited. Episodic Future Thinking (EFT) is a human-specific capacity to mentally simulate the 

experiences which might happen in one‘s personal future and to pre-experience novel events (24-27). The 

Constructive Episodic Simulation Hypothesis proposes that the main process underlying EFT is the 

episodic memory, which refers to the ability to retrieve and recollect personal events and experiences that 

happened in the past (28). Neuroimaging findings show that episodic memory, where people retrieve past 

experiences, and EFT, where people imagine potential future experiences share common neural correlates 

comprising the Medial Temporal Lobe, Inferior Temporal Gyrus, Precuneus, Posterior Cingulate Cortex, 

Medial Prefrontal Cortex, and Lateral temporal and Parietal Cortex (29, 27). Results from different 

studies also associate EFT to a range of higher-order cognitive functions including decision-making, 

planning, intention formation, and emotion regulation (30, 31). Mentally traveling to the future is an 

essential ability that enables individuals to imagine themselves through different future situations and 

simulate or predict the actions as well as their consequences and acting upon them (i.e., goal-directed 

behavior) (32-34).  EFT impairment in substance users is clinically significant due to its role in self-

control and adaptive behaviors (34-35). Studies show that EFT is a powerful and vital function that guides 

our actions, based on our imagined future events and their outcomes (36-37). Moreover, in the context of 

addiction treatment, poor EFT may affect the risk of relapse and exert a significant influence on an 

individual‘s response to psychotherapy (38- 39). EFT is an effective facilitation technique to reduce 

impulsive behaviors and delay discounting, as well as to enhance prospective memory (40-45, 27). 

Therefore, EFT is a critical cognitive function for substance users to mentally imagine the risky situations 

that may happen in the future and to plan for a goal-based behavioral response (46-47).  

In the addiction field, few studies have been probed into EFT function in groups of heroin, alcohol, and 

cannabis users, as well as pathological gamblers (48-54). Regardless of some methodological differences, 
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all these studies point to the existence of impairments in EFT. For example, a study that examined EFT in 

a group of heroin users concluded that heroin- dependent patients demonstrated a significant deficit in the 

details for imagined future events (48). Another study concluded that opiate users have difficulties to self-

initiate preparatory behaviors in order to meet their future needs along with a general lack of foresight 

(49). In another study comparing the EFT between heroin and alcohol users, results showed a significant 

impairment of EFT associated with heroin use compared to alcohol users and healthy controls (51). 

Moreover, EFT has been reported to be disrupted in regular cannabis users by generating less episodic 

details relating to novel future scenarios compared to the groups of recreational users and a non-user 

group (52). A most recent study found an association between the severity of cannabis use and reduced 

responsiveness to emotionally intense future events in adolescent cannabis users using an fMRI task (55). 

However, no previous studies have examined EFT in adult cannabis-users using fMRI, and the existing 

evidence is mostly originated from findings from behavioral measures. 

 

The rationale behind conducting the present study stems from four key findings of previous studies: a) 

Episodic memory is the primary function of EFT that is reported to be impaired in cannabis users (56-57, 

28); b) The Medial Temporal Lobe (MTL) is the key region of the brain related to EFT, specifically for 

the scene construction component, which has been indicated to be altered due to heavy use of cannabis 

(58-64, 29); c) EFT deficits are found in psychiatric disorders with common neurobiological substrates as 

cannabis use, including schizophrenia (65-66) and major depression (67-68); d) Normal function of EFT 

demands intact executive functions. Meanwhile, the ability to flexibly integrate and recombine the 

episodic memories related to the past in order to generate, construct, and elaborate future scenarios 

depends on the executive functions of the brain (69). Therefore, we aimed to examine the neural 

underpinnings of EFT in cannabis users vs. drug-naïve controls, with a whole-brain analysis approach. 

Since this study was the first one using fMRI to investigate neural underpinnings of EFT in cannabis 

users, we used a whole-brain analysis, in an unbiased manner, to not only focus on the brain regions 
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formerly known to be involved in EFT, but also other regions that have different activation patterns in 

cannabis users relative to controls and co-activate while engaging in an EFT task. 

We aimed to address the limitation of the literature to date, specifically by: (i) adding neuroimaging 

evidence, using fMRI as a precise tool, to the limited existing evidence of the relationship between 

cannabis use and EFT (ii) investigating the association between cannabis use levels (e.g.  Frequency of 

use and the age of onset), and EFT performance (iii) examining the association between global cognitive 

performance, depression, anxiety, and EFT functioning. 

Based on the literature to date, it is hypothesized that (i) cannabis users may show lower brain activations 

while engaging in an EFT task relative to controls in memory-related brain regions specifically Medial 

Temporal Lobe as the key region serving EFT (ii) cannabis use patterns such as frequency of use, 

duration of use, and age of onset may contribute to EFT performance (iii) EFT function in cannabis users 

may be correlated with levels of depression, anxiety and global cognitive performance. 

To achieve these aims, we conducted this fMRI study investigating EFT function in a group of 20 

individuals diagnosed with CUD and a control group of 22 people that underwent an fMRI task 

comprised of EFT and episodic memory conditions.  

 

2) Method 

 Participants 

A total of 42 right-handed adults aged 18 to 37 years were recruited for this study via social media and 

community advertisements (e.g. flyers). These comprised 20 current cannabis users with a moderate to 

severe DSM-V CUD, and 22 non-using controls (henceforth termed controls) matched by age, gender, 

and education level. Participants were screened for: (i) current or prior history of neurological disorders 

(e.g. multiple sclerosis, epilepsy), head injury with loss of consciousness, traumatic brain injury, (ii) 

psychiatric disorders (e.g. major depression), (iii) excessive drinking (defined as 21 standard units per 

week for men and 14 for women) (70), left handedness (measured with ‗The Edinburgh handedness 
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inventory’) (71, 72); (iv) any MRI contraindications; (v) < 25 score on the Montreal Cognitive 

Assessment (MoCA) (73-75), (vi) severe depression, i.e. >20 score on the Beck Depression Inventory 

(BDI-II) (76-77), (vi) severe anxiety, i.e. > 20 score on Beck Anxiety Inventory (BAI) (78). All 

participants provided written informed consent and were compensated for their participation (500,000 

IRR). This study was approved by Iran University of Medical Sciences ethics committee 

(IR.IUMS.REC.1398.070) and was conducted in accordance with the Declaration of Helsinki.  

 Screenings and behavioral assessments  

In order to include eligible participants, the following baseline screenings were administered by a trained 

clinical practitioner: 

Depression and anxiety symptom scores were measured by the BDI (76-77) and the BAI (78-79) 

respectively. CUD was confirmed via using the Persian version of DSM-5 checklist of symptoms (7). 

MoCa was employed for cognitive impairment screening (cut-off< 25) since it is reported to have an 

acceptable sensitivity for the rapid identification of cognitive deficits in individuals with substance 

use disorder (75, 80). To tailor the length of cue sentences to participants‘ memory recall abilities, 

Rey Auditory Verbal Learning Test (RAVLT) was used (81-82). A six-panel oral fluid (saliva) drug 

test kit (WONDFO biotech, USA) was employed to screen the participants‘ drug use (Amphetamines, 

Methamphetamine, Methadone, Morphine, Benzodiazepine, and Cannabis) and making sure that they 

are not poly-drug users. 

 

 fMRI task  

Figure 1 overviews task trials. We used an fMRI task with two different sets of active trials: a future 

events generation component that involved envisioning personal situations which might happen in a 

specific temporal and spatial context in the future, a past retrieval component in which the participants 

recalled episodic memories related to their past. We used a block design with 2 conditions (10 trials each, 

total of 20 trials): EFT, episodic memory as an active control, and fixation cross at the beginning of each 

trial as a passive control. The EFT task was adapted from the Autobiographical Interview (83-84).  
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Each trial started with a crosshair fixation with closed eyes (15s), followed by an auditory presented cue 

sentence (5s), along with a 15s gap during which participants had to recall or mentally construct the 

relevant memory. Immediately after this time, participants were asked to rate the vividness of their 

memory on a scale from 1 to 4 (ranging from ―1 = inability to imagine or retrieve relevant event‖ to ―4 = 

extremely vivid event‖) using an MRI-compatible response box placed under their both hands (totally 

10s) (Figure 1). Each trial took 45 seconds, and the total duration of the fMRI task was 15 minutes). In 

both sets of active trials, participants were presented with cue sentences recorded in a female voice, 

presented in a randomized order using Psychtoolbox-3 software (MATLAB 8.0 and Statistics Toolbox 

8.1, The MathWorks, Inc., Natick, Massachusetts, United States) and an MRI-compatible headphone with 

standard volume.  

20 cue sentences that were presented via audio used in the fMRI task. Ten out of 20 cue sentences were 

related to EFT trials (e.g., ―Imagine you are traveling by train in the future‖), and the other 10 cue 

sentences were related to the Episodic memory trials (e.g., ―Recall a memory of dining with your family‖), 

The details of the process to select the sentences and normalizing them is described in detail in 

Supplementary material section 1. 

 

 Procedures 

Prior to the scanning, participants were provided with verbal instructions and familiarized with the task 

and did a rehearsal practice outside the scanner, using two cue sentences different from those presented 

inside the scanner. Due to the importance of visual imagery in EFT (85), all participants were scanned 

with eyes closed, and all instructions were provided via audio (including presentation of the cue sentences 

for EFT and episodic memory conditions as well as instruction for resting state and rating scales). 

Therefore, any potential effects of visual imagery were not confounded by requirements to visually attend 

to external task-relevant stimuli (86). 

The fMRI task instructions are presented in the Supplementary material section 1. 
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Figure 1: fMRI Experimental Design: a) the episodic memory trial in which participants recalled past events related to the 

presented cues and rated the vividness of the recalled events; b) The EFT trial in which participants generated future events 

related to the presented cues and rated the vividness of the generated event 

 

 MRI data acquisition 

Data were acquired on a Siemens MAGNETOM Prisma 3Tesla (Siemens Medical Solutions, Erlangen, 

Germany) scanner, devoted to research purposes at the National Brain Mapping Lab (www.nbml.ir), 

using a 64-channel phased-array head coil. At the beginning of the scanning session, standard T1-

weighted MPRAGE (Magnetization Prepared Rapid Gradient Echo) anatomical scans were obtained 

(TA= 4:12 min; TR= 1800 ms; TE= 3.53 ms; TI: 1100 ms; Voxel size= 1.0×1.0×1.0 mm; Flip angle= 7 

degrees; Multi-slice mode= sequential; FOV Read= 256 mm; Matrix size= 256×256×160; Number of 

slices= 160). The T2*-weighted functional images were acquired using blood oxygen level-dependent 

(BOLD) contrast, with 40 mT/m gradients, and by coverage of the whole head and with a gradient-echo 

echo-planar imaging (EPI) sequence with a repetition time (TR) of 3000 ms, 40 slices with 3.0×3.0×3.0 

mm voxels, an Echo-time (TE) of 30 ms and a flip angle of 90 degrees. A total of 310 volumes were 

obtained for a total scanning time length of 930 s (15:30 m). MRI-compatible headphones and response 

http://www.nbml.ir/
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keys were employed during the scan. Head Motion was restricted using a standard firm padding that 

surrounded the head. The headphone volume was set on a comfortable level before starting the scanning 

session (Volume= 4, Prisma scanner). 

 

 MRI data analysis 

All analyses were performed using the fMRI Expert Analysis Tool (FEAT), part of FMRIB‘s Software 

Library (FSL, http://www.fmrib.ox.ac.uk/fsl; 87) (version 5.0.9). The preprocessing procedure consisted 

of: 1) Motion correction using MCFLIRT, FSL (Motion Correction from FMRIB‘s Linear Image 

Registration Tool); 2) Skull-stripping for removal of non-brain tissue from the structural T1-weighted 

images using Brain Extraction Tool (BET); 3) Slice-timing correction (data acquisition: interleaved); 4) 

Spatial smoothing using a Gaussian kernel of FWHM= 6.0 mm; 5) Melodic ICA data exploration to 

identify remaining data artifacts and to help exploring activation in the data; 6) Multiplicative mean 

intensity normalization of the volume at each time point; 7) High-pass temporal filtering (Gaussian-

weighted least-squares straight line fitting, with sigma = 60.0s) and; 8) Normalization of the functional 

images to the standard Montreal Neurological Institute (MNI) (Montreal Neurological Institute, Montreal, 

Canada) brain atlas was also performed via: I) Co-registration of the functional images to the high-

resolution T1-weighted scan using FLIRT (FMRIB‘s Linear Image Registration) and the BBR 

(Boundary-Based Registration) cost function; and II) Linear registration of the structural T1 images to the 

MNI space, with 12 DOF. 

The first-level analysis was performed using FEAT toolbox, FSL, for each participant, based on a General 

Linear Model (GLM) statistical analysis. Three regressors were defined in the analysis based on the two 

active conditions (i.e., EFT and Episodic memory) and the fixation cross control and residuals (e.g., 

instructions) by creating a boxcar function of tasks (for each condition), against rest by applying the 

canonical hemodynamic response function. Therefore, for each participant, three images were produced: 

EFT (future), Episodic memory (past), EFT>EM (future>past). 

http://www.fmrib.ox.ac.uk/fsl
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Second-level analysis for the group comparisons was performed by FLAME (FMRIB‘s Local Analysis of 

Mixed Effects) for calculating the average brain activations of each group, and for measuring the group 

differences (Z-threshold= >2.3). The false discovery rate was also calculated to control and refine the 

multiple comparison error (P-FDR< 0.05). 

Anatomic labeling, and locating the activations were performed using the Montreal Neurological Institute 

(MNI) atlas and Harvard-Oxford cortical and subcortical structural atlases, with a subsequent visual 

inspection of different activation clusters, overlaid on the T1-weighted image of the MNI152 atlas. 

 

 Behavioral Data Analysis 

The independent samples t-test and χ
2
 test were used for group comparisons on demographic and 

substance use levels and other behavioral measures. Pearson correlations were run to explore the 

associations between demographic and substance use pattern measures with other behavioral results, 

including BAI, BDI, MoCa, and vividness ratings of past and future events. Statistical analyses were 

conducted with the SPSS software (version: 19.0, IBM Corp., Armonk, NY, USA, 2017). The P-value 

was set at p<0.05. 

 

3) Results  

 Demographic characteristics  

Table 1 overviews sample characteristics. 42 Participants aged 21-37 years (Mean= 26.39, SD= 3.59), 

were eligible for this study. Two participants in the cannabis users group had missing RAVLT data. 

Groups comprised 22 controls (13 males), and 20 cannabis users (11 males) and were matched by age and 

years of education (Table 1). The cannabis use pattern of the cannabis user group, along with the alcohol 

and nicotine use patterns of both groups is demonstrated in Table 1. 
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Table 1: Overview of sample‘ demographic, education, mental health and cognitive characteristics. and alcohol, 

nicotine and cannabis use patterns 

 Cannabis users 

(n=20)  

 

Controls (n=22) 

 

 

 

 N/ mean (SD) t (df) p 

Gender , total N (male) 20 (11) 22 (13) NA 0.27 

Age, years 26.70 (3.32) 26.10 (3.88) -0.53 (39) 0.59 

Education, years 15.55 (1.31) 16.29 (1.52) 1.65 (39) 0.10 

BAI 10.11 (7.54) 6.55 (5.22) -1.67 (29.86) 0.10 

BDI-II 16.11 (11.05) 8.55 (8.21) -2.37 (31.20) 0.02* 

MoCa 25.50 (1.43) 26.95 (1.46) 3.20 (38.92) 0.003* 

RAVLT (Word Span) 7.75 (1.54) 10.10 (1.72) -3.91 (37.64) 0.04* 

Past  episodes’ vividness  27.95 (3.88) 32.47 (4.96) 3.25 (37.61) 0.002* 

Future episodes’ vividness  30.75 (3.11) 33.43 (5.18) 2.01 (33.01) 0.052 

Alcohol use (N Yes: No) 16:4 15:7 NA 0.001* 

Nicotine use (N Yes: No) 14:6 9:13 NA 0.27 

Cannabis use Age of onset 19.35 (1.84) NA NA NA 

Duration of use (years) 7.40 (3.05) NA NA NA 

Frequency 

of use 

(days per 

week) 

< 2 0 NA NA NA 

3-4 2 NA NA NA 

5-6 4 NA NA NA 

Daily 14 NA NA NA 

*P= <0.05; NA= not applicable; BAI: Beck Anxiety Inventory; BDI: Beck Depression Inventory; MoCa: Montreal Cognitive 

Assessment; RAVLT: Ray Auditory Verbal Learning Test 
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 Behavioral Results: 

a) Baseline assessments group comparison 

Results of the t-test group comparison showed a significant difference in BDI-II and MoCa scores 

between cannabis user and control groups. There was no significant difference between the two groups in 

BAI scores, RAVLT word span subset scores of two groups differed significantly as well, but still were in 

the proposed range (7-9 words) for generating the cue sentences. (Table 1). 

 

b) Episodic future thinking and episodic memory vividness 

The independent samples t-test results have also revealed that the mean of vividness ratings related to 

past event retrieval trials was significantly different (t= 3.25, P<0.005) between cannabis user 

(Mean=27.95, SD=3.88) and control groups (Mean=32.47, SD=4.96). Thus, the vividness ratings of the 

past episodes were significantly lower in the cannabis users group. The mean of vividness ratings related 

to the future events construction condition was different (P= 0.052) in the cannabis user (Mean=30.75, 

SD=3.11) and control (33.43, SD=5.18) group comparison, yet not in a statistically significant way. 

 

c) Correlations 

There was a significant negative correlation between mean score of EFT and the level of anxiety (r= -

0.52, P=0.01) and the level of depression (r= -0.62, P=0.003) in the control group. While, in the cannabis 

user group, EFT was correlated with the global cognitive functioning (i.e. MoCa scores) (r= 0.49, P=0.02) 

and the age of onset of cannabis use (r= 0.50, P=0.02). Furthermore, global cognitive functioning was 

negatively correlated with the age of onset of cannabis use (r= -0.68, P=0.001). No other correlations 

were significant. 
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 fMRI task results: 

The whole-brain analysis showed that while participants (controls‘ average activations and cannabis-

users‘ average activations) were engaging in the EFT task and envisioning future events, the Inferior 

frontal gyrus, Orbitofrontal gyrus, Frontal pole, Insular cortex, Medial frontal gyrus, Frontal operculum 

cortex, Precuneus, Supracalcarine cortex, Superior parietal lobule, Cerebellum, Occipital fusiform gyrus, 

Lingual gyrus, Lateral occipital cortex, right Caudate, and Precentral gyrus activations were observed. 

The EFT>Episodic memory contrast results also revealed significant brain activations in the Medial 

frontal gyrus, Inferior temporal gyrus, Lingual gyrus, Temporal fusiform gyrus, Lateral occipital cortex, 

Occipital fusiform gyrus, Precenteral gyrus, right Putamen, and Cerebellum (Table 2 and Figure 2). 

The results also showed that while participants were engaging in the episodic memory task and retrieving 

events that have happened in the past, the Para-hippocampal gyrus, right Hippocampus, Oritofrontal 

cortex, Medial frontal gyrus, Inferior frontal gyrus, Superior frontal gyrus, Medial temporal gyrus, 

Inferior temporal gyrus, Postcentral gyrus, Supramarginal gyrus, Para-cingulate gyrus, Lingual gyrus, 

Post-central gyrus, Supramarginal gyrus, Superior parietal lobule, Occipital fusiform gyrus, Lateral 

occipital cortex, Angular gyrus, and Cerebellum were activated (Table 2 and Figure 2). 

The complete task results are presented in separate tables in supplementary material section 3. 

 

 Group comparisons: 

The whole-brain second-level analysis (i.e. group comparison) compared cannabis users and controls‘ 

brain areas activated in EFT and episodic memory trials, comprising in 2 contrasts (cannabis-

users>controls, controls<cannabis-users) 

Results on brain activations of both groups in the episodic memory and EFT trials are shown in Table 2. 

Cannabis users vs. controls showed lower cerebellar activations during the EFT task (future contrast) (i.e. 

left hemisphere, inferior semi-lunar lobule). Moreover, EFT>Episodic memory contrast, which showed 

the subtraction of past related brain activations from the future condition contrasts of two groups and was 

our main contrast of interest, indicated a lower brain activation in the cannabis user group vs. controls in 
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the medial temporal lobe, superior temporal gyrus, occipital fusiform gyrus, lateral occipital gyrus, and 

the cerebellum (Figure 2). During the episodic memory trials, the control group demonstrated a higher 

activation in their right frontal pole and inferior frontal gyrus compared to the cannabis user group, 

respectively. The cannabis user group did not show any higher brain activations in any of the three 

experimental conditions, compared to the control group (cannabis-users>controls). 

Figure 2. Brain activity patterns associated with 3 experimental conditions (EFT, EFT>Episodic memory, episodic memory), 

demonstrating 3 contrasts (controls> cannabis-users, controls average activations, and cannabis-users average activations). Z-

threshold= >2.3 

The cannabis user group showed a significant decreased brain activation in the left cerebellum, medial and superior temporal gyrus, 

occipital fusiform gyrus and the lateral occipital gyrus during the EFT condition, and significant lower brain activation in the right 

frontal pole and inferior frontal gyrus during the episodic memory condition.  

EFT= Episodic Future Thinking, EM=Episodic Memory. 
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Cluster # voxels Z-

max 
X,Y,Z Brain region BA Cluster # voxels Z-

max 
X,Y,Z Brain region BA 

EFT 

(future contrast) 
controls- average cannabis users- average 

1 32786 6.71 -20,-62,50 Precuneus C, 

Supracalcarine C, 
Superior Parietal 

Lobule 

7 1 37079 6.71 -20,-62,50 Precuneus C 7 

2 1748 5.55 36- , 76- ,32 Lateral Occipital 
C 

18 2 1516 5.55 -36,-76,32 Occipital Fusiform G 37 

3 696 5.53 34,50,32 Medial Frontal G, 

Frontal Operculum 
C, Inferior Frontal 

G, L Frontal Pole 

10, 
46 

3 1328 5.53 34,50,32 Inferior Frontal 

Gyrus, Frontal 
Operculum C, R 

Frontal Pole, Orbito-

frontal G 

44,11 

4 286 8.22 18, 84- , 20-  Occipital Fusiform 

G, Lingual G 
37 4 441 8.22 18,-84,-20 Lateral Occipital C 18 

controls > cannabis users cannabis users>controls 

1 469 4.21 -16,-74,-

30 

L cerebellum, 

Inferior semi-lunar 

lobule 

- No effect 

EFT>Episodic memory 

(future – past contrast) 

controls- average cannabis users- average 
1 979 4.97 4,-60,-2 Cerebellum, 

Temporal 

Fusiform G, 
Lateral Occipital 

C 

37, 
38 

1 979 4.09 50,0,44 Medial Frontal G 46 

      2 897 5.55 44,-76,12 Inferior Temporal G  20 
controls > cannabis users cannabis users>controls 

1 76 4.73 -14,-90,-

26 
Occipital Fusiform 

G, Lateral 
Occipital G, 

Cerebellum 

37 No effect 

2 878 3.42 -60,-4,-8 Superior Temporal 
G, Medial 

Temporal G 

21,22 

Episodic memory 

(past contrast) 
controls- average cannabis users- average 

1 4724 4.23 -56,-48,-4 Medial temporal 

G, Inferior 
Temporal G, 

Angular G 

20, 
39 

1 7263 

4.65 

-36,-84,-6 Parahippocampal G, 

Inferior Temporal G, 
Medial temporal G 

20, 21 

2 3483 6.46 -38,-72,28 Post-central G, 
Supramarginal G, 

Lateral Occipital 

C  

40 2 5101 5.03 32,-90,2 Oritofrontal C, 
Inferior Frontal G 

44, 45 

3 2903 9.89 32,-74,-50 Parahippocampal 

G, R 

Hippocampus 

27,28 3 4558 5.86 -28,28,2 Medial frontal G, 

Inferior Frontal G 
9, 10 

      4 1492 5.23 -26,-68,50 Medial frontal G 46 
 

      5 510 7.78 8,4,28 Cerebellum, 

Occipital Fusiform G 
37 

controls > cannabis users cannabis users>controls 
1 416 3.55 48,48,8 R Frontal Pole, 

Inferior Frontal G 

(Pars triangularis) 

45 No effect 

Table 2. The results of brain activations in the EFT and episodic memory conditions as well as EFT>Episodic memory contrast, 

in the 4 contrasts of cannabis-users>controls, controls < cannabis-users, controls average activations, and cannabis-users average 

activations  

B: bilateral; R: right; L: left; G: gyrus, C: cortex, BA: Brodmann area 
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Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 

 

4) Discussion 

We sought to investigate the brain underpinnings of EFT in cannabis users versus drug-naïve controls. 

We used fMRI data under two different conditions, including a past retrieval condition in which the 

participants recalled episodic memories related to their past, as well as a future events generation 

condition that involved envisioning future personal situations. We found that cannabis users vs. controls 

have lower brain activations (as measured by BOLD fMRI) in the Medial temporal lobe, Occipital 

fusiform gyrus, Lateral occipital cortex, and the cerebellum, during an EFT fMRI task; and lower 

vividness ratings for both past and future events.  

Our results extend the prior evidence showing impairment of EFT associated with regular cannabis use 

adding precise neuroimaging evidence to the sole existing behavioral data (52). Our study, to our best 

knowledge, is the first study to use fMRI to probe into EFT functioning in cannabis users and compare 

the brain activations related to envisioning future events to drug-naïve controls using a whole-brain 

approach, given the exploratory nature of the study. 

The function of the Medial Temporal Lobe has been consistently implicated in fMRI studies examining 

future-oriented cognition (e.g. imagination of hypothetical future scenarios, scene-construction) (88-94, 

27). This idea also fits in findings of Medial Temporal Lobe activations during both construction phase of 

EFT, when individuals initially generate a specific event in response to a cue (e.g., doctor appointment), 

as well as the elaboration phase, when individuals subsequently elaborate the generated event with as 

many details (60). There is also existing evidence from a seminal PET study showing significant levels of 

activations in the Medial temporal lobe as measured by regional cerebral blood flow, while participants 

were talking about their future prospects, compared to talking about their past experiences (95). 

Furthermore, the Medial temporal lobe is a core part of the Default Mode Network (96- 99), which has 

been ascribed to EFT (91, 100-102). Accordingly, the results of our study suggest that cannabis users 
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showed decreased activation in the Medial temporal lobe, which may be associated with EFT impairment. 

Intrestingly, Medial temporal lobe has been reported to be associated with structural (103-106) and 

functional (64, 107-112) brain abnormalities in cannabis users. The Medial temporal lobe plays a major 

role in the goal-directed decision-making while representing the effects of future on the value of choices 

(113). This is particularly important in the context of addiction, in which smaller immediate rewards are 

preferred over larger delayed rewards (52, 114).  

Our results also show that cannabis users had decreased activation in their cerebellum while imagining 

themselves in future events. This finding is consistent with that from a previous study showing higher 

activation of the cerebellum during envisioning future compared to recollecting past experiences (58). 

Hence, the lower activation in the cerebellum in Cannabis users may potentially account for the lower 

scores in the subjective vividness ratings of imagined future events in this group. Finally, the cerebellum 

has a high density of CB1 cannabinoid receptors (115), depicting neuroanatomical and neurofunctional 

changes in regular Cannabis users compared to non-using controls (116-121, for a review see 122). These 

findings could potentially justify our results, indicating deficits in cerebellar activity in cannabis users.  

In the current study, the Lateral Occipital Cortex has also been found to exhibit lower activation in 

cannabis users. According to the crucial role of this region in the scene construction element of EFT 

(123), it could possibly explain the lower scores of cannabis users in subjective vividness ratings of the 

events. This finding is consistent with the notion that different elements of a recalled or envisioned 

memory may re-evoke sensory and perceptual information related to the original event (124, 91; 29). The 

Lateral Occipital Cortex also plays a critical role in mental imagery and object perception, which are 

fundamental components of the EFT (125-129).  

The Occipital Fusiform Gyrus, which plays an essential role in the visual information processing and face 

perception (130-131) exhibited lower activations in cannabis users in the current study, while participants 

were engaged in the EFT task. This region has been shown to contribute to future episodic simulation 

associated with achieving a goal, as Gerlach and colleagues showed in a group of healthy participants 

(132). Several fMRI studies have also supported the role of Occipital Fusiform Gyrus in processing the 
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visual semantic component of semantic memory (133-136). Notably, semantic memory (i.e. general 

personal knowledge) is a key component of the EFT (i.e. generate subsequent episodic details) (137-139). 

Moreover, the Occipital Fusiform Gyrus has a high distribution of CB1 receptors (140) and has been 

previously reported to have a significantly lower cortical thickness in Cannabis users (141). However, it 

has been shown that Tetrahydrocannabinol (THC) administration attenuates Occipital Fusiform Gyrus 

spontaneous activity and evokes visual hallucination in intoxicated individuals (142). Hence, the finding 

of decreased activation in the Occipital Fusiform Gyrus of cannabis users in the current study may have 

an important implication in the visual imagery component of EFT, as well as difficulties in generating 

novel episodes in aid of visual semantic memory in cannabis users. 

Our findings also show a significant association between envisioned future events‘ vividness and global 

cognitive functioning in cannabis users. Previous studies that assessed global cognitive functioning with 

MoCA reported significant deficiencies in Cannabis users compared to Controls (143-144). This finding 

may implicate the notable relationship between EFT and cognitive functions such as memory, which is 

believed to be serving EFT function as a fundamental component (145). Hence, global cognitive 

impairment in Cannabis users may potentially reduce their ability to mentally travel in the future.  

The other noteworthy association that has been found in this study is the significant relationship between 

EFT function and the age of onset of cannabis use. We found that those participants who started using 

cannabis in earlier ages had rated their constructed memories as less vivid in the EFT condition. This 

result supports the previous literature suggesting the relationship between the age of onset and 

neurocognitive impairments in this group (146-154). 

Our study has several limitations that should be addressed. The first limitation was regarding the baseline 

assessments that have been done for depression and global cognitive function; although we determined 

these factors as inclusion and exclusion criteria and recruited those participants who obtained scores in 

the normal range, a significant difference was found between the groups. Another limitation of this study 

is the different patterns of substance use among Cannabis users; although the eligible participants 
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consisted of those who have not used any drugs except cannabis in the last 60 days, their prior history of 

substance was relatively diverse.  

Nonetheless, to our best knowledge, the current study is among the first studies that used fMRI to 

measure EFT in substance users. We have provided new evidence for the altered activations in brain 

regions, including the Medial temporal lobe, Lateral occipital cortex, Occipital fusiform gyrus, and 

cerebellum in Cannabis users during the EFT condition, and frontal pole and Inferior frontal gyrus during 

the episodic memory condition. Future studies could benefit from a baseline assessment of participants‘ 

mental imagery ability and matching the groups with considering this ability. Additionally, future studies 

are needed to elucidate the mechanisms of EFT in different substances such as stimulants and 

psychedelics. Finally, cognitive training programs that apply for substances users (155) may also benefit 

from targeting EFT (similar to the program used by Ernst et al. (156) and Sofis et al. (157)). 

 

5) Conclusion 

In conclusion, our results provide the first neuroimaging evidence that supports those from previous 

behavioral studies indicating that cannabis users vs. drug-naïve controls may have difficulties in 

envisioning the future and acting upon it accordingly. We also found that this impairment affects brain 

functions in regions associated with episodic future thinking and mental imagery such as the medial 

temporal lobe, lateral occipital cortex, and cerebellum. These findings have important implications in 

using and developing new interventions that rely on future-based cognition (simulation, prediction, 

intention and planning). 
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 Supplementary materials- section 1 

The adapted cue words were checked for concreteness and imageability and then transformed into short 

sentences (Clark & Paivio, 1991). According to the participants memory abilities (assessed by RAVLT 

word span subtest), cue sentences, including 7-9 words, were developed. The developed sentences were 

subsequently normalized in a group of 40 healthy subjects to be rated for imageability and familiarity 

(having previous experience of the situation) on a 4- point Likert scale (ranging from ―1 = very hard to 

imagine‖ to ―4 = clearly imaginable‖). Eventually, 20 cue sentences were selected to be presented in the 

fMRI scanner. The selected cue sentences for EFT condition were rated highly imaginable among 80% 

(n=32) of the raters, and the cues selected for episodic memory condition were indicated to have been 

formerly experienced among 90% (n=36) of the raters. Ten out of 20 cue sentences were related to the 

episodic memory condition to be retrieved (e.g., ―Recall a memory of dining with your family‖), and the 

other 10 cue sentences were related to EFT condition to be envisioned (e.g., ―Imagine you are traveling 

by train in the future‖). 

 Supplementary materials- section 2 

The given instructions for the EFT condition was as follows: ―You will hear a short sentence proposing 

you to imagine a novel event happening in your future; after hearing the sentence, you will have 15 

seconds to generate and imagine the event happening in a specific time and place as an episode of a 

movie in the first-person point of view, then you have to appraise the vividness of the event that you 

imagined, based on the details you have constructed as imagining the future event and rate it on a 1 to 4 

scale, at last‖. For the episodic memory condition, participants were instructed as follows ―You will hear 

a short sentence proposing you to recall a previously happened event in your past (i.e., a memory); after 

hearing the sentence, you will have 15 seconds to recall the event that has happened in a specific time 

and place as an episode of a movie in the first-person point of view, then you have to appraise the 
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vividness of the event that you recalled, based on the details you have remembered as recalling the 

memory and rate it on a 1 to 4 scale, at last‖. 

 

 Supplementary materials- section 3 

fMRI task results: 

1) Contrast 1- EFT (future) 

a) Controls: 

Brain region Z Y X Z-max Cluster 

Occipital Fusiform Gyrus, Lingual Gyrus 20 -84 -18 22/8 4 
Right Caudate 18 0 10 78/7 4 

Medial Frontal Gyrus,  Inferior Frontal Gyrus 16 34 50 -29/7 4 
Right frontal pole,  Inferior Frontal Gyrus 16 34 54 -26/7 4 

Insular Cortex, Orbitofrontal Cortex 4 -14 42 -96/6 4 

Occipital Fusiform Gyrus, Lingual Gyrus 22 -80 -16 91/6 4 
Medial Frontal Gyrus 32 50 34 53/5 3 

Precentral Gyrus, Inferior Frontal Gyrus 4 16 43 18/5 3 

Frontal Operculum, Insular cortex 10 18 34 33/4 3 
Inferior Frontal Gyrus, frontal pole 8 22 62 78/3 3 

Inferior Frontal Gyrus, frontal pole 16 20 38 73/3 3 

Frontal Operculum, Insular cortex, Orbitofrontal cortex 6 24 30 38/3 3 
Lateral Occipital Cortex, Superior Occipital Gyrus 32 76 -36 -33/3 2 

Lateral Occipital Cortex, Superior Occipital Gyrus 38 70 -30 -16/3 2 

Lateral Occipital Cortex, Superior Occipital Gyrus 26 74 -46 -9/3 2 
Lateral Occipital Cortex, Superior Occipital Gyrus 34 70 -48 -87/3 2 

Lateral Occipital Cortex, Superior Occipital Gyrus 26 74 -42 -81/3 2 

Precuneus Cortex, Supracalcarine Cortex 50 62 -20 -71/6 2 
Precuneus Cortex, Supracalcarine Cortex 52 70 -16 -01/4 1 

Lateral Occipital Cortex 50 70 -16 -36/3 1 

Precuneus Cortex 62 68 -8 -1/3 1 

Precuneus Cortex 50 60 -8 -7/2 1 

Lateral Occipital Cortex, Superior Occipital Gyrus 52 64 -30 -53/2 1 

The results of brain activations in the EFT contrast- controls‘ average activations 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 
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Brain activity patterns associated with EFT condition in drug-naïve controls (Z-threshold= >2.3) 

 

b) Cannabis users 

Brain region Z Y X Z-max Cluster 

Lateral Occipital Cortex 20 -84 -18 22/8 4 
Right Caudate 18 0 10 78/7 4 

Inferior Frontal Gyrus 16 34 50 -29/7 4 

Inferior Frontal Gyrus 16 34 54 -26/7 4 
Insular cortex 4 -14 42 -96/6 4 

Occipital Fusiform Gyrus 22 -80 -16 91/6 4 

Frontal pole 32 50 34 53/5 3 

Inferior Frontal Gyrus 4 16 48 18/5 3 

Insular cortex 10 18 34 33/4 3 

Inferior Frontal Gyrus 8 22 62 78/3 3 
Inferior Frontal Gyrus 16 20 58 73/3 3 

Orbitofrontal Cortex 6 24 30 58/3 3 

Lateral Occipital Cortex 32 76 -36 -55/5 2 
Lateral Occipital Cortex 38 70 -30 -16/5 2 

Lateral Occipital Cortex 40 74 -30 -16/5 2 

Lateral Occipital Cortex 26 74 -46 -9/3 2 
Lateral Occipital Cortex 34 70 -48 -87/3 2 

Lateral Occipital Cortex 26 74 -42 -81/3 2 

Precuneus Cortex 50 62 -20 -71/6 1 
Precuneus Cortex 52 70 -16 -01/4 1 

Precuneus Cortex 60 72 -16 -36/3 1 

Precuneus Cortex 62 68 -8 -1/3 1 
Precuneus Cortex 60 60 -8 -7/2 1 

Precuneus Cortex, Lateral Occipital Cortex 52 64 -30 -53/2 1 

The results of brain activations in the EFT contrast- cannabis users‘ average activations 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 

 



 
 

 40 

 

Brain activity patterns associated with EFT condition in cannabis users (Z-threshold= >2.3) 
 

 

 

 

c) Contols>cannabis users 

Brain region Z Y X Z-max Cluster 

Left Cerebellum- Inferior Semi-lunar lobule 30 -74 -16 -21/4 1 

Left Cerebellum- Inferior Semi-lunar lobule 44 -58 -18 -09/4 1 

Left Cerebellum- Inferior Semi-lunar lobule 46 -80 -26 -01/4 1 
Left Cerebellum 44 -80 -18 -4 1 

Left Cerebellum 32 -86 -12 -5/3 1 

Left Cerebellum 44 -72 -24 -38/3 1 

The results of brain activations in the EFT contrast- Contols>cannabis users 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 
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Brain activity differences associated with EFT condition in control> cannabis user contrast (Z-threshold= >2.3) 
 

2) Contrast 2- EFT >Episodic memory 

a) Controls: 

Brain region Z Y X Z-max Cluster 

Lingual Gyrus, Cerebellum 2 -60 -4 97/4 1 
Cerebellum 14 -66 -4 86/4 1 

Lingual Gyrus, Cerebellum 12 -64 -8 82/4 1 

Temporal Fusiform Gyrus 8 -32 -36 -77/4 1 

Occipital Fusiform Gyrus 12 -74 -4 -62/4 1 

Lateral Occipital Cortex 2 78 -40 61/4 1 

The results of brain activations in the EFT >Episodic memory contrast- controls‘ average activations 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 
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Brain activity patterns associated with EFT>EM contrast in drug-naïve controls (Z-threshold= >2.3) 

 

b) Cannabis users: 

Brain region Z Y X Z-max Cluster 

Lateral Occipital Cortex 12 76 -44 55/5 2 

Lateral Occipital Cortex 8 -58 -40 55/5 2 
Lateral Occipital Cortex 20 74 -44 54/5 2 

Lateral Occipital Cortex 14 64 -40 49/5 2 

Medial Temporal Gyrus 6 60 -50 4/5 2 

Lateral Occipital Cortex 18 82 -32 25/5 2 

Medial Frontal Gyrus 44 0 50 09/4 1 

Medial Frontal Gyrus 38 2 46 87/3 1 
Medial Frontal Gyrus 24 10 40 79/3 1 

Medial Frontal Gyrus 22 16 48 53/3 1 

Medial Frontal Gyrus 48 4 52 51/3 1 
Right Putamen 12 8 -28 49/3 1 

The results of brain activations in the EFT >Episodic memory contrast- cannabis users‘ average activations 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 
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Brain activity patterns associated with EFT>EM contrast cannabis users (Z-threshold= >2.3) 
 

c) Controls>cannabis users 

Brain region Z Y X Z-max Cluster 

Medial Temporal Gyrus 8 -4 -60 -42/3 2 

Superior Temporal Gyrus 14 -16 -44 -39/3 2 

Medial Temporal Gyrus 12 -16 -50 -34/3 2 
Superior Temporal Gyrus 0 24 -54 -27/3 2 

Medial Temporal Gyrus 8 -20 -64 -25/3 2 

Medial Temporal Gyrus 8 -18 -50 -23/3 2 
Occipital Fusiform Gyrus 26 -90 -14 -73/4 1 

Occipital Fusiform Gyrus 24 -84 -22 -54/3 1 

Lateral Occipital Cortex 30 -58 -36 -46/3 1 
Cerebellum 32 -74 -16 -37/3 1 

Cerebellum 28 -72 -36 -32/3 1 

Cerebellum 32 -74 -20 -27/3 1 

The results of brain activations in the EFT >Episodic memory contrast- Contols>cannabis users 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05 
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Brain activity differences associated with EFT>EM contrast in control> cannabis users (Z-threshold= >2.3) 
 

3) Contrast 3- Episodic memory (past) 

a) Controls: 

Brain region Z Y X Z-max Cluster 

Cerebellum 50 -74 -32 89/9 3 

Occipital Fusiform Gyrus,  Lingual Gyrus 18 -80 -16 31/9 3 

Cerebellum 46 -76 -34 16/8 3 
Cerebellum 46 -72 -36 84/7 3 

Right Hippocampus, Parahippocampal Gyrus 12 -34 -20 35/7 3 

Cerebellum 44 -62 -30 11/7 3 
Lateral Occipital Cortex 28 72 -38 -46/6 2 

Lateral Occipital Cortex 30 74 -42 -26/5 2 

Lateral Occipital Cortex 32 76 -34 -85/4 2 
Postcentral Gyrus, Supramarginal Gyrus 44 32 -44 -65/4 2 

Superior Parietal lobule, Angular Gyrus 44 56 -34 -62/4 2 

Lateral Occipital Cortex 36 72 -36 -6/4 2 

Medial Temporal Gyrus 4 -48 -56 -23/4 1 
Medial Temporal Gyrus, Angular Gyrus 0 46 -66 -18/4 1 

Inferior temporal Gyrus 16 -46 -54 -81/3 1 

Inferior temporal Gyrus 10 -48 -52 -69/3 1 
Medial Temporal Gyrus 14 -42 -52 -41/3 1 

Medial Temporal Gyrus 6 -30 -62 -38/3 1 

The results of brain activations in the Episodic memory contrast- controls‘ average activations 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 
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Brain activity patterns associated with episodic memory condition in drug-naïve controls (Z-threshold= >2.3) 

 

 

 

 
 

b) Cannabis users: 

Brain region Z Y X Z-max Cluster 

Postcentral Gyrus 48 40 -48 -78/7 5 

 Inferior Frontal Gyrus 8 68 26 -51/7 5 

Cerebellum 32 -72 -46 65/6 5 

Paracingulate Gyrus 46 26 0 58/6 5 
Cerebellum 42 -64 -46 54/6 5 

Occipital Fusiform Gyrus 24 -84 -8 46/6 5 

Medial Frontal Gyrus 32 20 50 23/5 4 
Medial Frontal Gyrus 36 4 -26 12/5 4 

Medial Frontal Gyrus 32 20 34 79/4 4 
Medial Frontal Gyrus 32 36 30 48/4 4 

Medial Frontal Gyrus 34 24 36 34/4 4 

Medial Frontal Gyrus 32 14 46 88/3 4 
Medial Temporal Gyrus, Superior Temporal Gyrus 10 -40 -66 -36/5 3 

Medial Temporal Gyrus, Superior Temporal Gyrus 10 -44 -60 -11/5 3 

Medial Temporal Gyrus, Superior Temporal Gyrus 6 -38 -64 -05/5 3 
Medial Temporal Gyrus, Superior Temporal Gyrus 14 -40 -64 -97/4 3 

Medial Temporal Gyrus, Superior Temporal Gyrus 10 -30 -66 -45/4 3 

Medial Temporal Gyrus, Superior Temporal Gyrus 12 -28 -66 -4/4 3 
Insular cortex 4 26 34 03/5 2 

Orbitofrontal Gyrus Inferior Frontal Gyrus 0 18 56 95/4 2 

Orbitofrontal Gyrus Inferior Frontal Gyrus 0 28 44 39/4 2 
Orbitofrontal Gyrus Inferior Frontal Gyrus 6 16 38 26/4 2 

Insular cortex 6 -20 30 78/3 2 

Frontal Operculum Cortex 0 26 38 56/3 2 
Occipital Fusiform Gyrus 30 -38 -32 -65/4 1 

Occipital Fusiform Gyrus 26 -30 -42 -47/4 1 

Superior Temporal Gyrus 28 -34 -42 -36/4 1 
Superior Temporal Gyrus 24 -68 -30 -84/3 1 

Parahippocampal Gyrus 22 -34 -36 -54/3 1 

Parahippocampal Gyrus 24 -60 -30 -24/3 1 

The results of brain activations in the Episodic memory contrast- cannabis users‘ average activations 
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Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05). 
 

 

Brain activity patterns associated with episodic memory condition contrast in cannabis users (Z-threshold= >2.3) 
 

 

c) Controls> cannabis users 

Brain region Z Y X Z-max Cluster 

Right Frontal pole 8 48 48 55/3 1 

Right Frontal pole 8 54 46 53/3 1 

Inferior Frontal Gyrus 6 42 48 31/3 1 
Inferior Frontal Gyrus 0 42 5 21/3 1 

Inferior Frontal Gyrus 0 40 46 2/3 1 

Right Frontal pole 16 54 42 19/3 1 

The results of brain activations in the Episodic memory contrast- Contols>cannabis users 

Each activation pattern is reported by the number of clusters, number of voxels in each cluster, maximum z-value of the cluster, 

and the coordinates (x,y,z) of the voxel with the highest z-value in the cluster. The reported clusters survive a whole-brain 

threshold of Z>2.3 (P<0.05 
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Brain activity differences associated with episodic memory condition in control> cannabis users (Z-threshold= >2.3) 

 


