NEUROIMAGING STUDIES OF SUBSTANCE USE AND TRAUMA
Supplemental Methods
Neuroimaging Techniques
Pronounced advances have been made in technologies that explore human brain structure and function in vivo. The main tool used for all studies included in this review is functional magnetic resonance imaging (fMRI). In a research setting, fMRI is used as a proxy to measure differences in brain function across different conditions and psychopathology. The tasks used in the studies reviewed here fall under event-related and block designs. Event-related tasks were developed to improve the temporal resolution; specifically, the presentation of trials is jittered to model the transient responses of separate trial types 1. Block designs are the simplest designs that measure neural activation across a task block to exhibit a single magnitude of activity across certain trials that reflect both the sustained and transient BOLD activity 1. Statistical contrasts are created to determine brain activity during interest versus control trials. To streamline the review, we have organized the manuscript by regions of interest (ROI) most relevant to each domain, described in greater detail below.
Though not the focus of the current review, some of the studies included functional connectivity (FC) in secondary analyses. FC explores brain activation (or deactivation) happening in close temporal proximity across multiple regions 2. It is thought that if these brain regions activate or deactivate close in time, there is a temporal relationship and a correlation between their activation. Thus, some studies also sought to determine whether a functional relationship existed in brain regions responsible for our domains of interest.
Pathways to SUD Development 
Domain 1: Reward 
A reward is a stimulus, object, or event that leads to approach behavior, decision-making, positive emotion, or positive reinforcement 3. Neuroimaging tasks that probe reward-related neurocircuitry in SUD samples fall under the two broad categories of cue-reactivity and reward-processing tasks. 
During cue-reactivity tasks, participants view rewarding stimuli such as attractive facial expressions and stimuli related to their drug of choice versus images of non-stereotypical attractive faces or drug-neutral cues, respectively. Stimuli can include images or videos of substance paraphernalia or other cues related to substance use, such as odor.
During reward-processing tasks, participants make decisions resulting in gaining or losing secondary reinforcers, such as money. For example, participants may be asked to guess an outcome when shown a stimulus. If participants guess correctly, they gain money, but if they guess incorrectly, they lose money. Other constructs that can be measured using reward-processing tasks include the neural correlates of reward anticipation. 
ROIs. Using contrasts that examine reward versus neutral or gain versus loss trials, the tasks described above have been integral in understanding the brain regions important to the reward neurocircuitry, including the ACC, orbitofrontal cortex (OFC), VTA, striatum, amygdala, and hippocampus. The ACC is important in encoding rewards' net value to maximize reward and minimize punishment 4. The OFC is generally responsible for encoding reward identity 5. The VTA is a subcortical region that releases dopamine in response to a reward and is, therefore, integral to the mesolimbic dopaminergic domain 6. The striatum has a primary role in releasing dopamine and glutamate to other brain regions. The striatum can be separated into subregions, including the globus pallidus, nucleus accumbens, putamen, and caudate. The amygdala is important in reward learning, specifically in creating associations of reward value with neutral stimuli 7. Lastly, the hippocampus establishes associations between reward and the context in which reward is received, attributing memories and learning when a reward is received through retaining high-value events associated with the reward. Given the importance of these regions in reward, we will focus on these six ROIs for the reward domain. 
Domain 2: Negative Emotionality
Researchers have identified negative emotionality, disruptions in reactions to negative emotion, as a key neurofunctional domain to examine the development and maintenance of PTSD+SUD 8, given the association of negative emotional states with craving and relapse 9,10. Paradigms incorporating stimuli that initiate a physiological response have been used to probe participants' anxiety. Such tasks include showing participants images of pictures within the scanner that vary in valence (negative, neutral, or positive) and arousal (low arousal - high arousal). Images can include pictures of scenes or facial expressions that exhibit emotions, including happy, neutral, and fear. Emotion regulation tasks used include presenting negative images, each preceding instruction to either look at a picture or think about the negative image in a less negative way. Threat-related tasks involve participants learning to anticipate via a cue when they receive a highly annoying but not painful shock. 
ROIs. The contrast of interest during the tasks above includes fearful versus neutral or positive stimuli to explore fear-related or threat initiation neurocircuitry. The following regions are integral in threat processing: medial PFC (mPFC), rostral and dorsal anterior cingulate cortex (rACC; dACC, respectively), amygdala, and hippocampus. The mPFC is a regulatory brain region responsible for behavioral flexibility, encoding motivated actions, promoting fear extinction, and goal-directed action 11. In an anxious state, it is believed that anxiety may suppress executive cortical control, allowing the amygdala to bias attention toward threats and guide responding to that threat 12,13. The ACC is separated into many subregions. The rACC plays a similar role in inhibitory fear-potentiated responses to the mPFC. The dACC is implicated in anxiety-related responses 14. The amygdala is responsible for our fight, flight, or freeze response to potentially threatening environmental stimuli 15. Lastly, the hippocampus is central in creating associations with contexts in which threatening stimuli are presented 15. Given the importance of these regions in threat processing, we will focus on these five regions as the ROIs for the negative emotionality domain.
Domain 3: Inhibition
Researchers have identified executive function, the cognitive processes important in the self-regulation of behavioral achievements, as a key neurofunctional domain to examine the development and maintenance of PTSD+SUD 8, given its important role in either disorder 9,10,16. Our review will focus on inhibition (hereafter, the term “inhibition” will be used instead of executive functioning), a key cognitive process critical for substance use 17. Importantly, given its implications in trauma 18,19 and SUD 20, we focused on inhibition under the executive function domain. Inhibitory control, or the inability to prevent a behavioral or prepotent response 21, is a major deficit in individuals with SUD 17. Two experimental paradigms have been used to measure inhibition within the scanner, the ‘Go/No-Go’ and ‘Stop-signal’ tasks. During the completion of these tasks, participants are generally asked to make a response via a button press to stimuli of one type and withhold their response to stimuli of another. 
ROIs. Using contrasts that examine correctly withheld responses versus incorrect responses, the tasks described above are optimal in targeting brain regions responsible for inhibition, including the ventromedial prefrontal cortex (vmPFC), dorsal lateral prefrontal cortex (dlPFC), inferior frontal gyrus (IFG), striatum, and the hippocampus. The vmPFC is responsible for inhibiting a prepotent response during appropriate situations 22,23 and provides goal-directed feedback to motor areas 24. The IFG is important in alerting and shifting attention during salient events 25. The dlPFC is essential in inhibitory control 26, sustained attention, and holding task-relevant information in working memory while presenting distractions 27, including stimulus maintenance and retrieval. The striatum is important in stopping when an inhibitory response is warranted 22,28. Lastly, the hippocampus is key in context-cued response inhibition 29. Given the importance of these regions in inhibition, we will focus on these five ROIs for the inhibition domain.
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