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Abstract

Social stress in the form of conflict between romantic partners is a salient correlate of substance
use disorders (SUD), and also plays an integral role in SUD treatment outcomes. Neuroimaging
has advanced the study of social stress on SUD etiology, course, and treatment. However, no
neuroimaging paradigms have yet been developed to examine neural responses to conflict among
romantic couples. In order to fill this gap in the literature, the goal of this exploratory study was to
examine the preliminary feasibility of a novel relationship conflict fMRI paradigm. We compared
the effects of an auditory relationship conflict versus a neutral cue on functional connectivity in
corticolimbic brain regions, and the associations between neural activities and self-report ratings
of relationship adjustment, substance use problems, and intimate partner violence. We also
explored sex differences in neural correlates of relationship conflict versus neutral cues.
Participants demonstrated increased functional connectivity between the amygdala and the
prefrontal cortex during the relationship conflict cue compared to the neutral cue. Intimate partner
violence was associated with functional connectivity. Sex differences emerged in neural responses
to the relationship conflict cue compared to the neutral cue. Collectively, the findings demonstrate
preliminary validity of this novel neurocimaging paradigm for couples.
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1. Introduction

Substance use disorders (SUD) are a tremendous public health problem (Whiteford et al.,
2013). Couple conflict occurs in both distressed and healthy relationships, and constructive
conflict is central to adaptive relationship functioning (Lavner et al., 2016; Williamson et al.,
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2015). However, a large and complex literature demonstrates that social stress, particularly
in the form of relationship conflict among romantic couples, is a salient correlate of SUD.
The consensus in this literature is that SUD shares a mutually causal association with
relationship conflict such that SUD has detrimental effects on relationship conflict, and
relationship conflict precipitates excessive substance use (Breslau et al., 2011; Leonard and
Eiden, 2007; Testa and Derrick, 2013).

For example, laboratory-based spousal interactions are negatively impacted by alcohol
administration (Testa et al., 2014) and acute intoxication is a well-established causal factor
in the incidence of relationship conflict in the form of intimate partner violence (IPV)
(Devries et al., 2014; Margolin et al., 2013; Mattson et al., 2010; Quigley et al., 2013; Testa
and Derrick, 2013; Testa et al., 2003). SUD is both an acute and longitudinal predictor of
relationship conflict (Cranford et al., 2011; Field and Caetano, 2003), and married couples in
which one partner meets diagnostic criteria for SUD are nearly twice as likely to divorce
compared to those without SUD (Breslau et al., 2011).

Neuroimaging has proven integral to advancing our understanding of the etiological
underpinnings of SUD, and has informed the development of novel interventions to treat
SUD. Valid neuroimaging paradigms, such as alcohol and drug cue paradigms, have proven
crucial to the identification of targets for pharmacological treatments, examination of
prognostic indicators of pharmacological and behavioral treatment response, and
characterization and clarification of treatment outcomes (Cabrera et al., 2016; Goldstein and
Volkow, 2011; Gu et al., 2010; Jasinska et al., 2014; Schacht et al., 2013; Sinha, 2007;
Volkow and Baler, 2013). Toward that end, neuroimaging studies employing a vast array of
paradigms have advanced the literature examining mechanisms by which social stress and
substance use behaviors are linked (Sinha, 2012; Sinha and Li, 2007). The literature in this
area continues to advance at a fast pace and with a high level of precision with regard to the
roles that specific brain regions play in risk, resilience, and recovery/relapse to SUD.
Specifically, much attention has focused on the role of impaired prefrontal cortex (PFC)
regulation of limbic brain regions such as the amygdala (AMY)(Koob and Volkow, 2016).
The AMY plays a crucial role in threat perception, fear conditioning, emotional salience,
and heightened memory for emotional events (Pitman et al., 2012; Wassum and Izquierdo,
2015). The PFC is responsible for executive functioning and disrupting habitual or
compulsive behaviors that are not adaptive (Pitman et al., 2012). Dysregulation of the PFC-
AMY circuitry (i.e., lack of “top down” control) likely makes it difficult to modulate
maladaptive cognitions such as craving-related thoughts or behaviors like impulsive
substance use (Goldstein and Volkow, 2011; Koob and Volkow, 2016). Using validated
paradigms such as facial recognition and the Trier Social Stress Task, individuals with SUD
demonstrate lower PFC-AMY functional connectivity in response to stress and emotion cues
compared to healthy controls (Crunelle et al., 2015; Kaag et al., 2018; O’Daly et al., 2012;
Wade et al., 2017). Lower corticolimbic connectivity is also associated with a significantly
shorter time to relapse (Beck et al., 2012; McHugh et al., 2014). However, other studies have
reported greater PFC-AMY functional connectivity in substance users in some experimental
conditions. For example, in one study (O’Daly et al., 2012), individuals who had
experienced single detoxifications, multiple detoxification, and social drinkers were
compared on their responses to implicit versus explicit fearful faces recognition task.
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Findings indicate that increased functional connectivity occurred between corticolimbic
brain regions during the implicit task. In another study, Seo et al. (2011) examined
functional connectivity in response to stress and alcohol cues among socially drinking men
and women. Increased connectivity in different brain regions was observed by sex and in
response to stress versus alcohol cues. Some studies have examined neural correlates of
general anger and aggression, including functional connectivity of the PFC with other brain
regions. These studies have been conducted among individuals with criminal convictions,
traumatic brain injuries, normative populations and individuals with intermittent explosive
disorder and schizophrenia (see Rosell and Siever, 2015, for review). To our knowledge,
only one study to date has examined neural correlates of aggression associated with
substance use. Denson et al. (2018) found that healthy young men intoxicated by alcohol
demonstrated decreased activity in the prefrontal cortex, caudate, and ventral striatum while
activity in the hippocampus was heightened compared to participants in the placebo
condition. In this study, aggressive behavior was positively associated with activation in the
medial and dorsolateral prefrontal cortex compared to participants in the placebo condition.

No studies to date have examined neural correlates of relationship conflict among normative
couples or couples with SUD. A significant barrier to advancing this area of the literature is
that neuroimaging procedures have not been developed or adapted for use among couples,
despite the tremendous progress that has been made to validate and refine neuroimaging
paradigms for individuals. The development of a neuroimaging paradigm for couples is
essential to conduct studies aimed at clarifying neural processes underlying the bidirectional
association between relationship functioning and SUD. Understanding the neural response to
relationship conflict may support SUD treatment development given the importance of
relationship health in successful treatment outcomes.

Relationship conflict is known to impede effective treatment for SUD, while adaptive
relationship functioning is known to facilitate SUD treatment outcomes (Cranford et al.,
2011; Rodriguez et al., 2013; Testa et al., 2014). Specifically, adaptive relationship
functioning positively influences SUD treatment initiation, outcome, and maintenance of
treatment gains (Grosso et al., 2013; Lebow et al., 2012; Meis et al., 2013; O’Farrell and
Clements, 2012). Recent studies suggest that women in SUD treatment with higher
relationship satisfaction experience fewer cravings (Owens et al., 2013). Individuals who
have supportive partners have greater motivation for SUD treatment and drink less during
treatment for alcohol use disorder (Grosso et al., 2013; McCrady et al., 2002). Some studies
have indicated that partner involvement in treatment for alcohol use disorders may help
prevent relapse (Nattala et al., 2010; Walitzer and Dermen, 2004). While the effects of
maladaptive relationship functioning on substance use behaviors and treatment have been
examined less thoroughly, literature has demonstrated that maladaptive relationship
functioning is associated with greater substance use (Cranford et al., 2011; Quigley et al.,
2013; Rodriguez et al., 2013; Testa et al., 2014). One study found a daily temporal
association between relationship conflict in the form of psychological IPV victimization and
substance use among men (Testa and Derrick, 2013), and another study observed a
longitudinal association between poor relationship functioning and alcohol use disorder
development (Whisman et al., 2006). Additional research shows that relationship conflict
may have a causal effect on relapse (Maisto et al., 1995; Mattson et al., 2010). Maladaptive
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relationship functioning might play a particularly salient role in SUD among women.
Relationship distress been shown to be a primary reason for women’s SUD treatment
seeking and is associated with increased risk for SUD relapse (Green et al., 2008; Lemke et
al., 2007).

The well-documented efficacy of couples therapies to treat SUD further underscores the
importance of the role of relationship functioning in SUD and recovery. Recent studies
indicate that couples SUD treatment outperforms individual SUD treatment (McCrady et al.,
2016; McHugh et al., 2010; Powers et al., 2008; Schumm et al., 2014). Notably, adaptive
changes in relationship functioning are a significant mechanism of change in treatment
outcomes (Magill et al., 2015; McCrady et al., 2016; McCrady et al., 2002; Schumm et al.,
2014). Thus, continuing to refine and improve methods to enhance couples treatment
development research in the area of SUD is critical.

The current study is the first to explore the feasibility of a novel neuroimaging paradigm in
order to examine neural correlates of relationship conflict. To accomplish this goal, we
adapted an auditory cue paradigm developed by Sinha and Tuit (2012) which is commonly
employed in the context of individual neuroimaging research, especially among individuals
with SUD (Sinha et al., 2009; Sinha et al., 2006; Sinha and Li, 2007). In its original form,
personalized stress paradigms are created for each individual participant relevant to any
topic they recently found stressful (i.e., being fired from a job, being pulled over by police,
being reprimanded by a work superior). This auditory cue paradigm has been used most
commonly to elicit stress in order to examine the effects of stress on substance craving,
vulnerability to SUD relapse, and to identify the neural underpinnings that link emotional
distress with substance use behaviors. Couple conflict may differ in that it is co-created by
both members of the couple and is a shared experience, although each partner might have
different emotional, behavioral, and neurobiological responses to this unique stressor. The
present adaptation was designed to measure each partner’s unique response to the shared
experience. Couple conflict is known to elicit emotional and physiological stress responses
that predict relationship and health outcomes (Ditzen et al., 2007; Heffner et al., 2006;
Kiecolt-Glaser et al., 2003). However, it is not yet known whether relationship conflict
among distressed, substance-misusing couples shares neural underpinnings with SUD or
responses to other stressors that have previously been examined.

Areas that have commonly been identified as relevant to the link between social stress and
substance use behaviors include striatallimbic-prefrontal regions such as the AMY, anterior
cingulate cortex, caudate, putamen, thalamus, and striatum (Sinha, 2008). These regions
have been established as relevant through the use of neuroimaging studies comparing neural
activation under stress and substance cues as compared to neutral cues and through the
comparison of individuals with substance use disorders and healthy individuals. It is
hypothesized that these regions link stress with addiction through their involvement in
emotional processing and regulation and the ability to regulate impulsive behavior (Sinha,
2012; Wilcox et al., 2016). It is hypothesized that in addition to the causal link established
between acute stress states and vulnerability to substance use and relapse, individuals with
chronic excessive substance use might incur maladaptive changes to this neural circuitry
which, over time, inhibits one’s ability to adaptively manage stress (Sinha, 2001).
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We examined the effects of relationship conflict cues versus neutral cues on (1)
corticolimbic functional activation and connectivity, and (2) associations between
corticolimbic functional connectivity during the conflict cue and self-report ratings of
relationship adjustment, substance use problems, and IPV victimization and perpetration.
Although this study is preliminary, sex differences in the neurobiological link between stress
reactivity and SUD have been observed (Fox and Sinha, 2009; Li et al., 2005; Potenza et al.,
2012). In addition, the role of sex is a critical focus of the current clinical and preclinical
literature examining both behavioral and neurobiological mechanisms of substance use
disorder development, change in substance use behavior, treatment engagement, and
treatment outcome (Bazargan-Hejazi et al., 2016; Becker and Koob, 2016; Greenfield et al.,
2007; Holmes et al., 2016; Sugarman et al., 2014). These differences appear to emerge as
early as during adolescence (Johnson et al., 2015; Kuhn, 2015). Thus, a secondary goal of
this study was to explore sex differences in neural correlates of relationship conflict versus
neutral cues in order to inform the design future studies aimed at refining this paradigm.

As a result of previous literature demonstrating increased functional connectivity in
corticolimbic brain regions in response to stress versus neutral cues (O’Daly et al., 2012;
Seo et al., 2011), we hypothesized that participants would demonstrate greater corticolimbic
reactivity and functional connectivity for conflict cues as compared to the neutral cues, as an
index of an elevated stress response. The amygdala served as the limbic region of interest
given its role in stress reactivity. The PFC region of interest was the lateral orbitofrontal
(OFC) cortex given its role in conscious regulation of amygdala responses (Wilcox et al.,
2016). We also hypothesized that increased AMY-OFC connectivity in response to
relationship conflict cues would be associated with poorer relationship adjustment, greater
quantity/frequency of substance use, and greater severity of alcohol and drug problems and
IPV victimization and perpetration. Finally, we hypothesized that females would show
greater corticolimbic reactivity and AMY-OFC connectivity than males in response to
relationship conflict cues as reported in some prior studies examining stress versus drug cues
(Potenza et al., 2012; Seo et al., 2011).

2. Method

2.1. Participants

All procedures were IRB approved and participants provided written informed consent prior
to completing any study procedures. Participants were recruited using advertisements placed
in the community, local treatment clinics, and on the internet. Participation was open to
couples aged 18-65 of any sex and sexual orientation who were able to comprehend English
and function at an intellectual level sufficient to provide informed consent and accurately
complete assessment instruments (as determined by a Mini Mental Status Exam score > 26).
Eleven couples enrolled in the study. One couple withdrew prior to the neuroimaging scan,
resulting in a total sample of 10 couples (V= 20 total participants; 9 males, 11 females). The
current sample included one same-sex female couple. In addition, at least one partner within
each dyad was required to have engaged in hazardous drinking (i.e., 4 or more drinks for
women, 6 or more for men) during the past 60 days or meet DSM-1V diagnostic criteria for
current substance use disorder and relationship distress as indicated by a score of < 13 on the
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DAS-4 (Sabourin et al., 2005). Exclusion criteria included (1) meeting DSM-IV criteria for a
history of or current psychotic or bipolar affective disorder, (2) current suicidal or homicidal
ideation and intent, (3) pregnancy for women, and (4) past 6 months severe and unilateral
IPV with current partner. Additional exclusion criteria were any contraindications for MRI
scanning (i.e., metal in or on the body, orthodontics, and history of concussion or head
injury, claustrophobia). Sample demographic and clinical characteristics are presented in
Table 1.

The most frequent topic of conflict was disagreements about finances/money, followed by
conflict over substance use and trust. All of the participants in this study (V= 20, 100%)
reported at least one instance of IPV perpetration during the past six months. Eighteen
participants (90.0%) who participated in this study reported at least one instance of IPV
victimization. Both participants who reported no IPV victimization were men.

2.2. Procedure

This study was carried out in accordance with the Declaration of Helsinki. All study
procedures were IRB-approved. Potential participants were screened by telephone and those
meeting preliminary eligibility criteria scheduled for an in-person appointment. Procedures
took place in one study visit. All participants completed informed consent and baseline
assessment procedures in a private room separate from their partner. Women completed a
urine pregnancy test. If negative, both partners completed breathalyzer tests and urine drug
screens. Both partners within each couple completed all study procedures.

2.3. Measures

2.3.1. Diagnostic evaluation—The Mini-International Neuropsychiatric Interview
(MINI; Sheehan et al., 1998) was used to assess current and history of DSM-IV psychiatric
diagnoses, including substance abuse and dependence. Intellectual capacity to participate
was assessed using the Mini Mental Status Exam (Folstein et al., 1975).

2.3.2. Substance use—The Time Line Followback (TLFB; Sobell and Sobell, 1992) is
a calendar-assisted, semi-structured interview which was used to assess quantity and
frequency of alcohol and both illicit and prescription drugs (e.g., prescription opioids,
benzodiazepines, and psychostimulants). Participants report the total number of days
substances are used and the amount of substance used (e.g., standard drink units for alcohol,
number of joints for marijuana) during the 60 days prior to participating in the study.

Alcohol and drug use problem severity was assessed using the 10-item self-report Alcohol
Use Disorders Identification Test (AUDIT; Babor et al., 2001). Items are rated on a scale
from O (never) to 4 (more than 4 times per week) and summed to obtain a total score. Drug
use problems were assessed with the 10-item version of the Drug Abuse Screening Test
(DAST; Skinner, 1982). Each item was rated 0 (no) or 1 (yes) and summed to produce a total
score.

2.3.3. Relationship adjustment—The brief version of the Dyadic Adjustment Scale
(DAS-4; Sabourin et al., 2005) is a self-report questionnaire used to assess couple
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functioning. Item scores were summed to obtain a total score ranging from 1 to 21. Higher
scores reflect higher levels of relationship adjustment, and scores below 13 reflect
relationship distress.

2.3.4. Intimate partner violence—IPV victimization and perpetration was measured
using the 78-item Revised Conflict Tactics Scale (CTS-2; Straus et al., 2003). Response
categories that comprised a range of values were recoded (Straus et al., 2003) (i.e., 3-5 times
(recoded to 4), 6-10 times (recoded to 8), 11-20 times (recoded to 15), and more than 20
times (recoded to 25)). Severity scores for each participant were calculated for victimization
and perpetration subscales by summing the respective responses for the psychological,
physical, and sexual IPV subscales. The sexual IPV subscale scores excluded items 15 and
16. Analyses were conducted by examining the maximum victimization and perpetration
score within each couple in order to minimize reporting discrepancies between partners.

2.4. Auditory cue development

Each individual participant created an auditory neutral cue recording pertaining to their
normal morning routine. Consistent with the manualized procedures developed by Sinha and
Tuit (2012), a script of this recording was developed and translated into a 3-min audio
recording. In order to develop relationship conflict cues, each partner identified a topic of
relationship difficulty and couples completed an audio-recorded conflict task. A coin flip
determined the topic of the discussion (i.e. disagreements about finances/household
spending; infidelity/suspected infidelity; substance use behaviors) and the couple was asked
to work towards a resolution or agreement on that topic. This procedure is extensively used
in observational studies examining relationship conflict (Hahlweg et al., 2000; Hellmuth and
McNulty, 2008; Miller et al., 2013). The recorded conflict discussion was subsequently
translated into an audio recording which served as the relationship conflict cue. Both
partners within each couple listened to the identical conflict cue during the neuroimaging
scan.

2.5. Functional neuroimaging procedures

A relationship conflict cue block was created consisting of the recorded conflict discussion
divided into two three-min segments each. Similarly, a neutral block was created in which
participants heard a script describing their typical morning routine at home divided into two
segments of 3-min each. During the relationship conflict cue, participants saw a visual
display that said “allow” and were instructed to allow themselves to experience any thoughts
or emotions related to the cue. Order of presentation of the relationship conflict versus
neutral cues was counterbalanced between participants. Three-minute blocks of the
relationship conflict cue alternated with three-minute blocks of the neutral cue with no inter-
stimulus interval or silent period. A standard fixation point was presented for 30 s before the
start of the cue. Presentation of the cues used E-Prime (Psychology Software Tools, Inc.,
Pittsburgh, PA) Audio Stimulus Presentation Software (http://www.pstnet.com).

Neuroimaging data were acquired on a Siemens Trio 3T scanner using a 32-channel head
coil. Functional images were obtained using an echoplanar imaging (EPI) sequence (36
slices, TR=2200 ms, TE=35 ms, FOV=192 mm, slice thickness =3 mm). A high-resolution
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T1-weighted MPRAGE anatomical image was also obtained for each participant (TR=1900
ms, TE=2.26 ms, voxel dimensions 1.0 x 1.0 x 1.0 mm, 192 slices).

2.6. Data analytic plan

Post-acquisition preprocessing and statistical analysis of all of imaging data were performed
using FEAT (FMRI Expert Analysis Tool) Version 5.98, part of FSL (FMRIB’s Software
Library). Pre-processing consisted of skull stripping using the Brain Extraction Tool (BET),
slice timing correction, high-pass temporal filtering with a cutoff of 100 s, MCFLIRT
motion correction, and spatial smoothing (using a Gaussian kernel of FWHM 5 mm). FLIRT
(FMRIB’s Linear Image Registration Tool) was used to transform the images to standard
space (Montreal Neurological Institute; MNI).

The primary analysis was a functional connectivity analysis using a Psychophysiological
interaction (PPI) seed-based approach (Friston et al., 1997). Mean BOLD time series were
extracted from four seed regions. Bilateral amygdala regions were selected as seed regions
based on their role in prior studies of stress reactivity and SUD (Banks et al. 2007; Koob and
\Volkow, 2016). The left and right amygdala seed regions-of-interest (seed ROIs) were
defined by the amygdala regions in the Harvard—Oxford probabilistic structural atlas.
Additionally, the lateral OFC, a region previous studies have found to play an important role
in emotion regulation and modulation of habitual behavioral responses (Hartikainen et al.,
2012; Hooker et al., 2010; Wilcox et al., 2014; Wilcox et al., 2016), was selected as the
prefrontal seed region due to its recruitment in the experimental cues. OFC ROIs were
defined as 10-mm spheres centered on MNI coordinates of —38, 22, —12 for the left OFC
and 38, 22, —12 for the right OFC.

A whole-brain PPI analysis was conducted to characterize differences in functional
connectivity between the relationship conflict cue and the neutral cue using the four seed
regions (bilateral amygdala, bilateral OFC). The first level PPI analysis for each subject
included two psychological variables to represent the relationship conflict and neutral cues
and one physiological variable (the time series in one of the seed regions described above),
with two interaction terms representing the interaction of the physiological regressor and the
conflict condition (PPIC) or the physiological regressor and the neutral condition (PPIN). A
separate PPI analysis was conducted for each of the four seed regions. Head motion
parameters were added as regressors of no interest. Group-level analyses were carried out
using FLAME 1 (FMRIB’s Local Analysis of Mixed Effects) to generate z statistical images
contrasting males and females. Contrasts were specified as Males > Females, Males <
Females, Males mean, Females mean, and Group mean. For clusters showing significant
between-group differences in activation, the most probable anatomical label from the
Harvard-Oxford Cortical and Subcortical Structural Atlas packaged in FSL was used with
MNI coordinates (x, y, and 2).

To examine associations between functional connectivity for the conflict cue and relevant
clinical measures, we extracted parameter estimates converted to percent signal change
(using featquery) in the following connections of interest: left amygdala seed-left frontal
operculum (LAMG-LFO), right amygdala seed-left frontal operculum (RAMG-LFO), left
amygdala seed-left inferior frontal gyrus (LAMG-LIFG), right amygdala seed-left inferior
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frontal gyrus (RAMG-LIFG), left OFC seed-right amygdala (LOFC-RAMG) and right OFC
seed-right amygdala (ROFC-RAMG). We then used Spearman-rank correlations to
determine whether AMY-PFC connectivity in the relationship conflict cue was modulated by
self-report measurement of alcohol (AUDIT) and drug (DAST) problems, relationship
adjustment (DAS-4), or IPV (CTS-2). If the correlation was significant for the conflict cue,
we tested whether it was also significant for the neutral cue to determine the specificity of
the association to processing conflict. These correlations were intended to establish effect
sizes to help formulate hypotheses for future studies; therefore, there was no correction for
multiple tests.

General linear model (GLM)-based analyses were also conducted to identify (a) the full
network of regions involved in listening to relationship conflict, (b) to isolate sex differences
in activation of this network and (c) to ensure that the OFC seed region was implicated in
relationship conflict cue processing. Motion parameters were included as covariates of no
interest along with predictors for each of the two experimental conditions (conflict cue,
neutral cue). The primary contrast of interest was Conflict > Neutral cues. Group-level
analyses were performed by combining data from all participants in a mixed effect GLM
(using FLAMEDZ) to identify regions where males and females exhibited differential brain
responses to the two experimental cues. In addition to examining the group mean, four group
contrasts were specified: Males > Females, Males < Females, Males mean, and Females
mean. For each significant cluster of activation (cluster corrected Z= 2.3 < 0.05), the most
probable anatomical label from the Harvard—Oxford cortical and subcortical structural Atlas
packaged in FSL was used with MNI coordinates (x, y; and 2).

3. Results

3.1. PPI analysis with the bilateral amygdala seeds

None of the contrasts revealed significant connectivity with the right or left amygdala seed
regions in the group as a whole. However, IPV perpetration correlated positively with
RAMG-LIFG connectivity during the neutral condition only (rho = 0.461 (p=0.04). IPVV
perpetration was not associated with LAMG-LIFG connectivity during either cue. IPV
victimization correlated positively with RAMG-LIFG connectivity during conflict (rho =
0.487 (p=0.02) but also for the neutral condition (rho = 0.57, p< 0.001). IPV victimization
was not associated with LAMG-LIFG connectivity during either cue. Correlations by sex
were not significant for any of the correlations with clinical measures.

Sex differences emerged for the PPIC condition. During the relationship conflict cue (PPIC),
females showed greater functional connectivity than males between the right amygdala and
the left inferior frontal cortex (opercular portion) and mid-cingulate (see Table 2). This
activation extended into other regions, including the left caudate and the triangular portion of
the inferior frontal gyrus (Fig. 1a). Males did not show any significant connectivity with the
two amygdala seeds.
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3.2. PPl analysis with the bilateral orbitofrontal cortex seeds

The group as a whole showed right OFC-right frontal pole connectivity for the conflict
condition alone (PPIC; see Fig. 1b). During the relationship conflict cue as compared to the
neutral cue (PPIC > PPIN), the right orbitofrontal cortex (OFC) was more strongly
functionally connected to the right amygdala / hippocampus in males (see Table 2; Fig. 1c).
A second cluster of activation included several other brain regions, such as the posterior
cingulate; however, the average locus of activation across these diverse regions fell in the
cerebrospinal fluid (CSF) and white matter. There were no regions that were more strongly
functionally connected in females as compared to males for this contrast.

During the conflict cue compared to the neutral cue (PPIC > PPIN) in direct comparison to
males, females showed greater left OFC functional connectivity with the right middle
temporal gyrus (Table 2; Fig. 1d), and this activation also extended into the right insula, right
amygdala and temporal pole. Males did not show any regions with greater left OFC
functional connectivity than females during the relationship conflict cue. Correlations with
clinical measures were not significant for any of the contrasts using the OFC seeds.

3.3. General linear model results

The exploratory contrasts (Males > Females or Females > Males) did not reveal any regions
differentially activated by sex for the relationship conflict cue compared to the neutral cue.
However, there was extensive activation for the other contrasts, as shown in Table 3.
Relationship conflict recruited an extended network of regions including the frontal pole,
lateral temporal cortex, the caudate nucleus and precuneus.

4. Discussion

Converging literature indicates that social stress in the form of relationship conflict is a
salient correlate of SUD. The extent to which a couple is functioning adaptively versus
maladaptively plays an important role in SUD etiology, course, and treatment.
Neuroimaging studies have been successfully employed to identify neural correlates of
SUD, with a particular focus on the neural underpinnings of the link between social stress
and SUD. However, no studies to date have examined the neural correlates of relationship
conflict among couples. This remaining limitation in the literature is due primarily to the
absence of a paradigm designed to accomplish this goal. This study addressed this gap in the
literature by examining the preliminary feasibility of a novel paradigm for assessing neural
processes during relationship conflict among couples with substance misuse. The
development of a neuroimaging protocol for couples is essential for clarifying the neural
processes contributing to the bidirectional association between relationship functioning and
SUD and, subsequently, improving the methods employed to conduct SUD treatment
development research. Although preliminary, results from this study provide a platform for
future research to refine this approach and to examine the validity of the paradigm in an
adequately powered study.

The GLM findings indicated that the relationship conflict cue elicited a robust neural
response, engaging a large network of brain regions including the frontal pole, precuneus,
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lateral temporal cortex, the caudate and thalamus. The functional connectivity hypotheses
were partially supported by the PPI analysis in that participants showed greater functional
connectivity between the hippocampus and the right OFC during the relationship conflict
cue as compared to the neutral cue. This pattern of findings offers initial support for validity
of the task in that the relationship conflict cue elicited a neural response consistent with
those observed in other stressor paradigms in SUD populations (Sinha et al., 2009; Sinha
and Li, 2007). As such, the MRI-adapted version of the relationship conflict cue could
potentially be used to examine neural processes associated with relationship conflict and
SUD. This finding should inform hypotheses examined in future adequately powered
studies.

The paradigm also revealed potential sex differences in functional connectivity for the
relationship conflict cue. Similar to other work examining socially-oriented stressors such as
social threat and emotion recognition (Etkin et al., 2011; Filkowski et al., 2017; Tobia et al.,
2017), women showed greater functional connectivity between the amygdala and several
regions of the prefrontal cortex during the conflict cue, as compared to males. Three
previous studies have found dysregulated PFC-AMY connectivity among women with [PV
victimization (Fonzo et al., 2010; Satterthwaite et al., 2016; Simmons et al., 2008); however,
participants in both of these studies were recruited specifically due to having a diagnosis of
posttraumatic stress disorder resulting from IPV victimization. In addition, previous
literature demonstrates extensive sex differences in neural correlates of addiction, with a
specific focus on the role of stress in addiction (Becker and Hu, 2008; Fattore, 2015;
Milivojevic et al., 2017). For example, Potenza et al. (2012) reported greater corticostriatal-
limbic reactivity in female cocaine users in response to stress cues compared to males. This
suggests that women experiencing relationship conflict and substance misuse in their
relationship may recruit a more extensive network of prefrontal brain regions when
processing relationship conflict. Women not only had greater connectivity with paralimbic
regions (right amygdala-anterior cingulate connectivity and left OFC-insula connectivity)
during the relationship conflict cue, but they also showed increased connectivity with
regions implicated in cognitive processing (right amygdala - left IFG and left OFC and
temporal regions). In contrast, men were more likely to recruit a single limbic circuit
involving the right hippocampus and right OFC) in response to the relationship conflict cue.
Seo et al. (2011) similarly reported that fMRI response to stress cues was isolated to limbic
and paralimbic regions in male social drinkers (amygdala, hippocampus, cingulate and
insula) but fMRI response to stress cues engaged lateral prefrontal regions (superior and
middle frontal cortex) in female social drinkers. Similar to Seo et al. (2011), we speculate
that the prefrontal and temporal lobe regions are involved in cognitive processing. However,
the examinations of sex differences in this study are exploratory and these preliminary
findings should be interpreted with caution. These exploratory analyses were examined as a
result of previous literature suggesting differences in functional connectivity among men and
women with substance misuse, and other literature suggesting neurobiological differences in
the association between social stress and substance use disorders between men and women.
In the absence of larger sample powered to rigorously test sex differences, the value of these
preliminary findings is that they suggest that future studies examining this paradigm,
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particularly among populations with substance misuse, should be designed with the intention
to examine possible sex differences in brain responses to the paradigm.

In the present context, these left-hemisphere regions have been associated with processing
language. The inferior frontal gyrus is consistent with Broca’s area, a major locus for
production of speech. The left temporal cortex has been associated with processing the
meaning of speech and semantic content. Given the verbal nature of the relationship conflict
cues, engagement of left-hemisphere language regions for this task is not surprising.
However, the present findings further suggest that women demonstrate greater co-activation
of these regions with the amygdala in stressful contexts.

Although more research is needed to refine this procedure, replicate the findings, and
conduct a rigorous examination of the validity of the procedure, the results suggest that the
neural patterns identified in response to the relationship conflict cue could reveal sex-
specific social stress responses. Because examinations of sex differences in addiction have
focused primarily on hormonal, neurochemical, and structural/functional differences with
some attention to behavioral correlates such as emotion regulation (Cahill, 2006; Fox and
Sinha, 2009; Milivojevic et al., 2017), it is critical for future studies to thoroughly examine
behavioral, relational, and personality characteristics that might also explain or be associated
with the neurobiological sex differences often observed in populations with SUD. Such
patterns may be important for determining if the sex differences revealed in this study can be
replicated and if so, clarifying why theses sex differences emerged in our examination of the
connection between relationship functioning and SUD.

With regard to self-report clinical measures, IPV victimization and perpetration were
associated with increased functional connectivity between the right amygdala and left
prefrontal cortex during the conflict or neutral cues. Whereas IPV perpetration was only
associated with this connectivity during the neutral cue, IPV victimization was associated
with this connectivity during both the neutral and conflict cues. This suggests that IPV
victimization and perpetration may be an especially important set of variables to examine
when conducting examinations of functional connectivity as it may contribute to individual
differences in neural patterns and their connections with behavior. While numerous studies
have examined neural correlates of stress tasks, only three have done so in a sample
specifically recruited due to IPV exposure (Fonzo et al., 2010; Satterthwaite et al., 2016;
Simmons et al., 2008). These studies did not examine neural correlates of relationship
conflict or IPV specifically. Because no other clinical measures were associated with
functional connectivity, and because IPV is highly prevalent and salient in SUD populations
(Afifi et al., 2009; Chermack et al., 2008; Leonard and Homish, 2008), our preliminary
findings suggest that IPV is an important consideration in the refinement of this procedure.

Another important consideration is that IPV is heterogenous with regard to frequency,
severity, and directionality (Henning et al., 2006; Langhinrichsen-Rohling et al., 2012). The
neurocognitive effects of head trauma are also associated with IPV (Kwako et al., 2011).
Future studies should explicitly examine this factor as it relates to neural correlates of couple
functioning and IPV. Future studies would also benefit from applying this procedure among
couples with co-occurring SUD and IPV and adapting the procedure to examine IPV-specific
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cues. Examining sex differences in response to IPV-specific cues is also an important future
direction. Sex plays a prominent role in the link between social stress and addiction
(Bobzean et al., 2014), and sex and gender roles are a longstanding and prominent topic of
debate in the IPV field. For example, debate exists regarding motivations for use of IPV, the
extent and nature of negative sequelae of IPV, and the impact of societal gender roles in the
occurrence and maintenance of IPV between men and women in both heterosexual and
same-sex couples.

In light of the expansion of couple interventions to other areas of mental and physical health
intervention research (e.g., depression, cancer, and smoking) (Barbato and D’ Avanzo, 2008;
LaChance et al., 2015; Scott et al., 2004), results from this study may contribute to the
refinement and adaptation of these procedures for use in other populations. While this study
is the first to provide evidence to support the use of a relationship conflict paradigm that can
be used during MRI scanning, additional work is needed to determine the full utility of the
paradigm and to advance theory connecting relationship functioning with SUD.

The goal of the current study was to establish the utility and feasibility of a relationship
conflict fMRI paradigm. Given this goal, some of the analyses were considered exploratory
and did not correct for multiple comparisons, as in evaluating correlations between fMRI
connectivity and clinical measures. Larger samples are needed in future work to increase
statistical power and allow for more nuanced analyses that consider important covariates and
moderators. The small sample size of the present study also limited our ability to account for
non-independence of data within couples, which is a critical next step for future studies on
this topic. Relatedly, only two couples in this sample were substance-discordant (one as
opposed to both partners reported SUD), which prevented us from examining possible neural
factors associated with this pattern within couples. For instance, research suggests that
concordant versus discordant substance use behavior contributes significantly to SUD,
treatment, IPV, and relationship outcomes among couples (Crane et al., 2016; Homish and
Leonard, 2007; Leonard et al., 2014), and both directionality and severity of IPV are likely
to play a role in partners’ responses to relationship conflict cues in SUD populations
(Langhinrichsen-Rohling et al., 2012; Straus, 2008). Because relationship conflict and SUD
have a bidirectional association and share common psychosocial underpinnings such as
impulsivity, poor coping, and poor emotion regulation skills, future studies can improve on
the current design by including a more comprehensive clinical battery.

There are several other limitations to consider. The present study did not employ a healthy
control group including non-distressed, non-substance misusing couples, which is an
important next step for future studies. While a validated interview instrument was employed
to assess SUD diagnostic criteria, measurement can be improved in future studies by
employing more nuanced structured clinical interviews to assess DSM-5 (rather than DSM-
IV) diagnostic criteria for SUD. The study is limited by a lack of pre-post procedure ratings
of subjective reactivity to the conflict discussion and the fMRI scan, as well as a lack of
observational coding of specific partner behaviors during the conflict cue. Assessing
participants’ objective conflict behaviors and self-reported subjective responses to the
procedure will allow future studies to more accurately characterize partners’ experience of
the procedures and to examine the extent to which the conflict content was meaningful to
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each participant. Importantly, these data will help characterize similarities and discrepancies
between partners’ experiences of a co-created conflict, which is a common theme in couple
research and treatment. Short-term longitudinal studies are also needed to examine the
directionality of effects between relationship functioning and substance use chronicity,
severity, and concordance within dyads. Couples in this study also varied in terms of the
length of their relationship and overall, relationship length reported by participants was
brief. Results may have differed among more established couples. Future studies should
examine additional relationship factors such as commitment level when assessing neural
correlates of dyadic conflict. Future studies would also benefit from exploring neural
responses to substance use-specific conflict in order to map more clearly onto content
commonly applied in couples therapies to treat SUD. Given the exploratory nature of the
current study, we did not examine physiological reactivity to the cues employed here. Future
research would benefit from including measures such as heart rate and cortisol reactivity,
which have been employed in previous studies of stress reactivity.

In summary, the findings provide modest, preliminary support of the validity of the
relationship conflict paradigm tested in this study. The findings suggest that a future study
that is adequately designed with appropriate control groups and powered to test the validity
of the paradigm is warranted. Findings also suggest that future studies to refine and adapt the
procedure are warranted to advance the SUD treatment development field. This procedure
could serve as an assessment tool to shed light on specific neural pathways through which
relationship conflict increases risk of SUD, and vice versa. Understanding these neural
pathways will inform theory relating to SUD and its relational underpinnings, and inform
the development of future interventions that incorporate brain imaging as part of the initial
assessments and symptom tracking.
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Right amygdala connectivity Right OFC connectivity
conflict condition Conflict > Neutral
F>M B M>F

Right OFC connectivity Left OFC connectivity
conflict condition Conflict > Neutral
group mean F>M
Fig. 1.

Results from the voxel-wise psychophysiological interaction (PPI) analysis. (A) Regions that
were more strongly functionally connected to the right amygdala seed region in the conflict
condition for females vs. males. (B) Regions that were more strongly functionally connected
to the right orbitofrontal cortex (OFC) in the conflict versus neutral contrast for males vs.
females. (C) Regions that were more strongly functionally connected to the right
orbitofrontal cortex (OFC) in the conflict condition for the group mean. (D) Regions that
were strongly functionally connected to the left OFC seed region in the conflict vs. neutral
contrast for females vs. males. All activation was significant at a cluster corrected threshold
of 2.33, Z< 0.05. The left hemisphere is shown on the right of each image. zcoordinates in
Montreal Neurological Institute space are shown for each slice.
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