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          ABSTRACT 

Alcohol Use Disorder (AUD) has negative impacts on family member relational 

dynamics and attachment. Increased stress and fear imposed on family members creates 

emotional distress resulting in unmet attachment needs, possibly shifting in family 

members Internal Working Model (IWM) and subsequent attachment style. Attachment 

theory posits that IWMs for attachment styles stay stable over time, however, they can 

be impacted by major life events like those experienced by family members of a loved-

one with AUD. Activation of reward brain regions in response to images of an AUD 

loved-one may be representative of or associated with family members’ current state of 

their attachment style. This study utilized Functional Magnetic Resonance Imaging 

(fMRI) to collect blood-oxygen-level-dependent (BOLD) responses of family members 

when viewing images of an AUD loved-one, among other affective images. A General 

Linear Model with mixed effects was conducted to examine the association between 

BOLD activation responses and attachment anxiety, avoidance, and security among both 

a family member of AUD and control group. Attachment anxiety was positively 

associated with increase activation in the Insular Cortex and Orbitofrontal Cortex while 

attachment security was negatively associated with activation in the Anterior Cingulate 

Gyrus. Clinical implications for such findings are discussed.  

Keywords: Attachment Theory, Family Member Recovery, Neuroscience, Alcohol Use, 

Functional Magnetic Resonance Imaging, BOLD 
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CHAPTER 1 

INTRODUCTION 

Now more than ever addiction is being widely recognized as a family disease with 

research highlighting the negative physical and emotional impacts family members 

experience when caring for an addicted loved-one (Tyo & McCurry, 2020). Within the 

United States, 1 in 5 Americans know someone who has personally suffered from 

addiction and at least 25% of the population belongs to a family affected by addiction in a 

first-degree relative (Report on the Economic Well-Being of U.S. Households in 2017, 

May 2018, 2017). Addiction encompasses the use of substances and/or alcohol and is 

diagnosed based upon a pathological pattern of behaviors centered around the use of the 

substance (i.e, alcohol) (American Psychiatric Association, 2013). Addiction also impacts 

the reward, motivation, and executive functioning systems within the brain which 

contributes to the frequently observed pathological behaviors (Alvarez-Monjaras et al., 

2019; American Psychiatric Association, 2013). For the pupose of this study addiction 

will be referred to as Alcohol Use Disorder (AUD).    

Advancements in exploring and theorizing addiction as a family disease has 

revealed the destructive impacts a loved one’s AUD has on family members individually 

and on close relationships (Leonard & Eiden, 2007; Newcomb, 1994; Whisman, 1999). 

Family members are affected by their loved one’s AUD through the relational 

experiences they have with them (Buckley-Walker et al., 2017; Daley, 2013). Research 

has shown that the presence of AUD within a family system negatively impacts family 

members’ physical and emotional well-being, sense of safety, and instills a persistent 

sense of fearfulness and hopelessness about the future (McCann et al., 2019). The 
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heightened stress and strain placed upon family members’ relationship with their AUD 

loved-one not only negatively impacts relationship quality (McCann  et al., 2019) and 

relational dynamics (Klostermann & O’Farrell, 2013) but also impairs attachment 

(Lander et al., 2013; McCann et al., 2019). Family members not only experience 

increased medical costs but also chronic feelings of mutual alienation, loneliness, 

meaningless-ness, rejection, abandonment, loss, deprivation, guilt, anxiety, rage, 

depression, and worthlessness (Textor, 1987; McFarlane & van der Kolk, 1996; Orford et 

al., 2010, 2013). 

These stressful experiences can have a negative emotional impact that also 

influences a family member’s attachment style likely leading family members to have a 

more insecure attachment style. To counteract these emotions and shifts in attachment 

that result from the negative impacts on relationship quality, family members often also 

shift their behaviors towards a new way of functioning that supports the stability of the 

family (Rotunda et al., 2004; Von Bertalanffy, 1972). Despite family members’ good 

intentions, their behaviors often ultimately become maladaptive and create unhealthy 

relationship dynamics (Lander et al., 2013). Such relational distress has led to the idea of 

family members being “ill” themselves (Atkinson & Fischer, 1996). Research has 

attempted to describe such illness and associated behaviors as codependency (i.e., the 

tendency to over-conform to the requests of the user and to compulsively take-care of 

him/her) (McCrady et al., 2012; Rae & Forbes, 1966; Whitfield, 1987). However, 

discrepancy exists among the definition and measurement of codependency, which has 

made this construct difficult to examine and resulted in codependency becoming a 
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pathological, and to some, even a sexist label that lacks sufficient and substantial 

empirical evidence (Asher & Brissett, 1988; Favorini, 1995; Haaken, 1993). 

Some researchers have suggested that attachment theory is better suited to study 

AUD, noting that many similarities exist between patterns of responding to attachment 

figures and substances of abuse (Cooper et al., 1998; Insel, 2003; Kassel et al., 2007). 

Similarly, attachment theory may also then have important relevance regarding the 

impact of AUD on a family member, and how that family member responds to their AUD 

loved-one based upon the type of attachment they have with their AUD loved-one. 

Nevertheless, research regarding family members’ patterns of responding to their AUD 

loved-one in relation to their current attachment style has been less explored. Given that 

attachment theory focuses on various forms of relationship distress while giving a 

broader framework for thinking about pathological patterns of behavior, family member 

behavioral responses to their AUD loved-one may be better explained through an 

attachment theory lens.  

Attachment theory utilizes concepts such as Internal Working Model (IWM) of 

attachment to help explain how individuals with various attachment styles perceive 

themselves and others within relationships (Gillath et al., 2006; Mikulincer & Shaver, 

2007b). As a loved-one’s AUD worsens and fear of their survival for family members 

increases, family members’ IWM of attachment likely shifts to a more insecure type to 

accommodate current attachment style-based views that motivate family members to 

engage in behaviors that provide them emotional relief. It’s suggested that this process is 

similar to the compulsive behavior seen with AUD loved-ones and the survival related 

importance they have attached to alcohol consumption (Shumway et al., 2019). For those 
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with AUD, alcohol consumption releases a pleasure-based and stress relieving effect of 

dopamine in brain regions associated with reward (Koob & Volkow, 2016). During this 

process, AUD loved-ones form an attachment, even if maladaptive, to alcohol (Burkett & 

Young, 2012).  

A substantial number of studies have explored attachment and the brain utilizing 

neuroimaging techniques to examine the neurological processes associated with different 

types of adult attachment styles in response to attachment-oriented stimuli (Coan et al., 

2006; Coria-Avila et al., 2014; Kim et al., 2010; Riem et al., 2012; Strathearn et al., 

2009). Such research has resulted in the discovery of overlap between brain regions 

involved in both attachment relationships and AUD (Burkett & Young, 2012; Insel, 

2003). However, the majority of studies involving AUD and attachment have mainly 

focused on brain activity related to AUD individuals’ attachment to alcohol 

(Zdankiewicz-Ścigała & Ścigała, 2020), AUD parents’ attachment to their young children 

(Strathearn et al., 2019) and AUD adolescents’ attachment to their parents (McLaughlin 

et al., 2016). However, research is needed that examines associations between family 

members’ brain activation in response to images of a recovering AUD loved-one and 

their adult attachment style. Such research has important implications with respect to 

AUD recovery given that family members are one of the most important support 

structures for AUD recovery (Burkett & Young, 2012; Insel, 2003). The decline in family 

members’ well-being and increased stress placed upon them to help their AUD loved-one 

often results in decreased attention to their own recovery (Ventura & Bagley, 2017) 

making it difficult for them to be supportive of their AUD loved-one (Frye et al., 2008). 

A disruptive cycle can develop or worsen around the stress caused by a loved-one’s 
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AUD, increasing the risk of poor AUD treatment, recovery, and health outcomes for 

family members and their AUD loved-one (Weisner et al., 2010). 

While evidence of AUD’s systemic impact on families has grown, far less 

attention has been given to family members’ recovery. It has been shown that readiness 

to change and family functioning are positively and reciprocally associated with one 

another across time (Bradshaw et al., 2016). Additionally, family members engagement 

in their AUD loved-one’s inpatient family programming enhances healthier patterns of 

behavior within family systems. However, enhancements in family members’ hope have 

been shown to attenuate over time (Shumway et al., 2017). Particularly important to this 

study is recent research regarding family member recovery that has demonstrated altered 

brain activation or functioning of the prefrontal cortex (PFC) of family members with an 

AUD loved-one (Shumway et al., 2019). Such activation has also been found to associate 

with important recovery-related attributes such as codependency (Zielinski et al., 2019), 

family functioning (Agner et al., 2020) and differentiation of self (Zielinski et al., under 

review). However, examining associations between current adult attachment styles and 

functional activation of the brain will shed further light on the impacts of AUD on family 

members and associated altered brain functioning. Such research can also influence 

clinical understanding and use of relational interventions that best support family 

recovery.  

The inclusion of neuroimaging studies regarding family member recovery 

expands our knowledge of the aforementioned negative impacts of AUD on family 

members. More specifically, neuroimaging research on family members can help create a 

greater systemic understanding of how these negative impacts may influence brain 
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activation and function, attachment, and subsequent behaviors of family members. Such 

knowledge is vital to mental health professionals, yet more research is needed that helps 

bridge the gap between mental health professionals understanding of how family 

members’ brain activation and attachment may influence their relational behaviors and 

other recovery dynamics.  

Examining family members current adult attachment style and activation of brain 

regions involved in both AUD and attachment relationships in response to images of a 

recovering AUD loved-one will provide an important new perspective regarding how 

family members experience and respond to situations involving their loved-one with an 

AUD. As previously mentioned, and from an attachment perspective, family members 

may view behaviors that have been labeled as codependent or pathological as essential to 

the survival of their AUD loved-one and the family (McCauley, 2004). Therefore, family 

members may manifest survival-based behaviors and neurological activation in response 

to fear for their AUD loved-one’s survival that is similar to responses to alcohol for 

someone with AUD (McCauley, 2004; Shumway et al., 2019).  

Given that family members have been found to be some of the most important 

social support for their AUD loved-one’s recovery (Bradshaw et al., 2016), are in need of 

their own recovery, and have attachment styles that are impacted by stress (Lander et al., 

2013), the exploration of family members’ attachment and how it associated with brain 

activation in response to images of a loved-one recovering from AUD is warranted. 

Therefore, the aim of this study is to explore associations between family members’ state 

adult attachment styles and brain activation in response to images of an AUD loved-one 

in recovery. This knowledge will better inform helping professionals regarding recovery 
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processes and needs of family members and may ultimately lead to enhanced care, 

intervention, and recovery. 

Reciprocal Influences of AUD and Attachment 

Attachment serves as an innate motivating force that influences the constant 

seeking and maintenance of contact throughout life to ensure survival (Johnson, 2005). 

Emotion is central to attachment, and attachment theory provides a guide for 

understanding and normalizing many of the extreme emotions that accompany distressed 

relationships. According to Johnson (2005) our strongest and most impactful emotions 

arise within attachment relationships because of the pleasurable and unpleasurable 

experiences they create. For example, the pleasurable experience of feeling loved, 

accepted, and happy or the unpleasurable experience of feeling unloved, rejected, or 

fearful. Family environments initially filled with relational distress and unhealthy family 

functioning produce traumatic attachment experiences and influence the development of 

AUD (Chaplin & Sinha, 2013; Fals‐Stewart et al., 2009; Rowe, 2012; Tobler & Komro, 

2010; Tops et al., 2014).  

In an unstable environment, psychological support from primary caregivers’ 

falters, producing negative emotions that do not get addressed. As a result, attachment 

needs go unmet and insecure attachment styles begin to develop increasing the likelihood 

of family members turning to substances as a coping mechanism to modulate distressful 

emotions (Kernberg, 1985; Waska, 2006). Negative experiences had with attachment 

figures early in life often become internalized to create one’s IWM of attachment 

(Bowlby, 1973; J. Holmes, 1993). Such internalizations become mental representations of 

lived experiences a person then uses to construct a sense of self and their views of others, 
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all of which are governed by attachment style  (Bowlby, 1973; Gillath et al., 2006; 

Mikulincer & Shaver, 2007). For those with AUD, growing up in an unstable family 

environment can result in traumatic attachment experiences that create an unhealthy 

attachment style and the need to attach to a substance to cope (Alvarez-Monjaras et al., 

2019; Schindler, 2019).  

Although negative family environments (i.e., relational distress, unhealthy family 

functioning, traumatic attachment experiences) influence the development of AUD across 

the lifespan (Fairbairn et al., 2018), research has also demonstrated a bi-directional 

relationship in that AUD also negatively influences what were initially positive family 

environments (i.e., healthy relationships, family functioning, attachments). Many studies 

have shown that a loved-one’s AUD negatively impacts family, marital, financial, and 

emotional stability; parental competence; family functioning; social and familial 

relationships; and the physical and mental health of family members (Buckley-Walker et 

al., 2017; Choate, 2015; Lander et al., 2013; Weisner et al., 2010; Young et al., 2015). 

Additionally, negative experiences like those resulting from a loved-one’s AUD could 

alter family members IWMs and subsequent attachment style as those negative 

experiences become internalized.  

AUD Influences on Family Members Attachment 

According to Bowlby (1988), if a person does not adjust their IWM as they have 

new experiences throughout life, emotional difficulties and mental health problems 

develop. For family members, maladjustment of their IWM may be represented by the 

relational struggles seen with them and their AUD loved-one. As a loved-one’s AUD 

worsens, what may have once been a secure attachment between family members 



Texas Tech University, Mazie Zielinski, May 2022 

9 

becomes insecure. Such alterations in attachment may be reflected in family members 

behaviors towards their AUD loved-one, or even other family members, given that 

characteristics of an insecure attachment generate a very specific vulnerability to, and 

motivation towards, enabling behaviors (Zimmerman, 2018). 

For example, as family members pursue a loved-one with AUD to provide help, 

their loved-one may withdraw by avoiding family members, which creates an attachment 

injury. This pursue-withdraw interaction involves specific behavioral responses to 

regulate emotions and protect the self from rejection and abandonment, as well as 

regulate one’s IWM (Johnson, 2005). However, this interaction may leave family 

members feeling rejected or abandoned by their AUD loved-one, which they then 

internalize. A family member’s IWM may then adjust to accommodate such insecure 

views of self and others and result in family members behaving in ways that are targeted 

at relieving their own emotional distress. As a result, a cyclical, often pathological 

behavioral pattern ensues that has destructive outcomes on family relationships. These 

habitual responses and self-perpetuating patterns of interaction demonstrate how 

attachment is a systems-based theory (Johnson, 2005) and how AUD is a family disease. 

In sum, a person’s insecure habitual forms of engagement with another can be modified 

by the development of new relationships; however, a person’s insecure habitual forms of 

engagement can also mold their current relationships and thus become self-perpetuating.  

Neurological Impacts of AUD and Attachment  

For family members, the destruction of family ties and relationships leads to 

increased stress, greater efforts toward helping their AUD loved-one and decreased 

attention toward their own wellbeing, which all reinforce a more insecure attachment 
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pattern. Comparable to the neurological dysfunction found with AUD individuals and 

their associated behaviors, family members may also experience neurological dysfunction 

that associates with their attachment-related behaviors. Although family members may 

not be physically using a substance, the trauma caused by the negative experiences 

resulting from AUD may also alter family members reward, motivation, and executive 

functioning systems as family member behaviors shift from caring and helpful to 

survival, fear-based behaviors.  

Alcohol (and substance) use disorder is extensively seen as a neurobiological 

disorder often explained as series of between- and within-brain system neuroadaptations 

that result from repetitive substance use (Alvarez-Monjaras et al., 2019). Such frequent 

use leads to dysregulation of the stress, reward, motivation, and executive systems in the 

brain, resulting in the proper functioning between and within these systems becoming 

impaired (Alvarez-Monjaras et al., 2019). Neuroscience research has revealed that reward 

and stress brain regions involved in the mesolimbic dopamine pathway (Alvarez-

Monjaras et al., 2019; Chambers & Wallingford, 2017) become inflexible in some of 

their structural and functional characteristics (Chambers et al., 2007), and these 

alterations likely underly the compulsive and pathological behavior often observed in 

AUD.  

Similar findings may also be seen with family members and their pathologically 

insecure attachment behaviors towards their AUD loved-one. Research utilizing 

Functional Near-Infrared Spectroscopy (fNIR) is emerging and has examined 

associations between factors such as codependency and family functioning and family 

members’ brain activation in response to images of an AUD loved-one (Agner et al., 
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2020; Zielinski et al., 2019). These studies have only examined activation of the 

prefrontal cortex (PFC) and not the whole brain, resulting in a need for more 

neuroimaging research to confirm their results. However, findings from these initial 

studies point toward potential impairment of family member PFC functioning when it 

comes to responding to their AUD loved-one. Such impairment, or co-impairment, may 

underly the often observed and seemingly compulsive ‘enabling’ behaviors that are 

similar to the described behavior of those with insecure attachments (Dinero et al., 2008; 

Roisman, 2007; Zimmerman, 2018).  

In addition, a large body of research has focused on attachment and the brain 

utilizing neuroimaging techniques to examine how adults with differing attachment styles 

neurologically process attachment relevant information using self-report questionnaires 

or interviews (Coan et al., 2006; Coria-Avila et al., 2014; Kim et al., 2010; Riem et al., 

2012; Strathearn et al., 2009). Findings of such studies have provided information about 

the brain mechanisms that support caregiving and attachment behavior in adult 

relationships and considerable evidence that adult attachment relationships play a key 

role in brain regions involved in reward, stress and motivation (Oliveira & Fearon, 2019). 

Studies have also examined attachment and the brain as it relates to AUD and discovered 

that AUD impacts the same brain regions involved with attachment (Chambers et al., 

2003, 2007; Kalivas & Volkow, 2005). However, research has yet to examine the 

association between adult attachment styles and brain activation of family members in 

response to images of a loved-one who is seeking recovery from AUD. 

Marriage and Family Therapy Involvement in Treatment  
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Considering the widespread effects AUD has on family systems, and their need 

for support, resources, and treatment (McCann & Lubman, 2018), professionals like 

marriage and family therapists (MFTs) are well-positioned to work clinically with this 

population. MFTs are systemically trained on how to approach the study and treatment of 

AUD from a systemic perspective, which is an excellent perspective to aid the 

conceptualization of family members’ role in recovery. Likewise, neuroscience also 

utilizes a systemic framework, emphasizing interactions between neural networks, mind-

body systems and subsystems, and the impact of the environment on brain development 

and functioning (Tootle, 2003). For these reasons, MFT researchers and practitioners are 

uniquely poised to offer innovative contributions to the body of literature on family 

member recovery. Indeed, it is becoming widely recognized that AUD is a family disease 

and can be viewed as such through a family systems lens (Brown & Lewis, 1995; Roth, 

2010).  

Thus far the majority of family member AUD and recovery literature that exists 

uses family systems theory at its lens. Although family systems theory is foundational in 

understanding the systemic impacts of AUD, it’s also important to delve deeper and look 

at family member attachment styles and how attachment might be impacted by the 

overall family environment. Examination of family member attachments could provide 

clearer direction for approaches to treatment, and most specifically approaches involving 

the incorporation of the family and family member recovery. Though AUD can broadly 

be viewed as a systemic issue (i.e. what impacts the person with AUD impacts the entire 

family system) there is still a limited amount of research that supports the recovery of 

family members (Hayes et al., 2019). This is unfortunate, as according to Brown and 
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Lewis (1999), family members need to experience their own personal recovery similar to 

that of the person seeking recovery from AUD.  

For MFTs and other helping professionals, due to the evolving beliefs and 

recognition of AUD as an impactful familial disease, research exploring both the 

behavioral and neurological correlates of impacted family members is needed and can 

inform clinical practice (Shumway et al., 2019). Given the intergenerational transmission 

of attachment patterns and AUD (Rutherford & Mayes, 2017) and the malleability of the 

brain and attachment-related behaviors; treatment and recovery of the AUD family 

system needs to focus on helping all involved develop more adaptive patterns of 

interaction as well as self-regulation. As clinicians sufficiently model rewarding social 

interactions through the use of the therapeutic relationship (e.g. through attention, 

praising, and emotional containment), an individual’s neural functioning may 

progressively become more attuned not only to the needs of themselves but those of 

others as well, lessening the reinforcement of AUD-related cues and hedonic responses 

(Tops et al., 2014). In turn, loved-ones seeking recovery from AUD and family members 

may become more self-reflective in identifying, interpreting, and regulating internal 

attachment responses and needs, which might result in more positive attachment 

experiences during recovery. Given the malleable nature of attachment behaviors through 

both healing and/or painful interactions, assessment of family members’ current 

attachment style in relation to their neurological activation when viewing images of their 

AUD loved-one may be a nuanced and informative way to explore family member 

recovery. Changes in the level of attachment security, however, can also occur when 

routine relationship interactions activate and modify the attachment system.  
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Study Purpose 

The purpose of this study is to utilize secondary family member fMRI data to 

explore the association between adult attachment styles and activation of brain regions 

involved in reward processing in response to images of an AUD loved-one. More 

specifically, adult attachment will be measured using the State Adult Attachment 

Measure (SAAM). Given the research demonstrating the familial discord resulting from a 

loved-ones AUD and the importance of family relationships in recovery, more attention 

needs to be given to the attachment styles of family members who are involved in the 

recovery process. 

Although studies have examined attachment and the brain as it relates to AUD 

parents (Strathearn et al., 2019) and intimate partners (Burkett & Young, 2012) studies 

have not examined adult attachment and brain activation as it relates to family members 

with a biological child or spouse who is seeking recovery from AUD. Given that social 

support, especially family support, is vital to long-term recovery and that major life 

events, like a loved-one’s AUD, can shift IWMs of attachment (Cozzarelli et al., 2003), 

examining associations between adult attachment styles of family members and brain 

activation in response to images of their AUD loved-one is warranted. Therefore, this 

paper aims to further inform professionals in the AUD recovery field by examining the 

relationship between attachment and neural functioning of family members of a loved-

one with AUD. More specifically, this study examined associations between adult 

attachment and the BOLD response of functional brain activation of parents and spouses 

of an AUD loved-one as they viewed images of their AUD loved-one.  
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Research Questions 

1. Do attachment anxiety, avoidance and security associate with brain activation in

brain regions associated with reward processing in response to images of loved-

one with AUD/target family member, regardless of group membership?

2. For the family group, and after controlling for attachment anxiety, avoidance and

security, is there a significant difference in activation of reward regions of the

brain in response to images of an AUD loved-one versus a non-AUD/neutral face

image?

3. After controlling for levels of attachment anxiety, avoidance and security, is there

a significant difference between family and control groups regarding activation of

reward regions in response to AUD loved-one/target family member images?

Hypotheses 

1. A) Activation of regions involved with reward in response to images of an AUD

loved-one will be positively associated with attachment anxiety and negatively

associated with attachment avoidance and attachment security, regardless of

group membership.

B) There will not be any significant interactions between group membership and

attachment anxiety, avoidance, or security. 

2. After controlling for attachment anxiety, avoidance and security, there will be no

significant difference in activation of reward regions in response to images of an

AUD loved-one versus a non-AUD/neutral face image.
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3. After controlling for attachment anxiety, avoidance and security, there will be no

significant difference between family and control groups regarding activation of

reward regions in response to AUD loved-one/target family member images.
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CHAPTER 2 

LITERATURE REVIEW 

Attachment theory posits that we are evolutionary beings and utilizes the concept 

of an Internal Working Model (IWM) of attachment to bridge the gap between cognitive 

science and attachment theory by explaining how over time, experiences with attachment 

figures become internalized (Bowlby, 1973; J. Holmes, 1993). Such internalizations 

become mental representations of lived experiences that a person constructs concerning 

themselves and others which are governed by attachment style (Bowlby, 1973; Gillath et 

al., 2006; Mikulincer & Shaver, 2007b). Negative experiences like those experienced 

because of a loved one’s AUD could alter family members IWM and subsequent 

attachment style.  

If IWMs are not updated throughout the lifespan, emotional difficulties and 

mental health problems develop (Bowlby, 1988), such as those seen with AUD loved-

ones. As an AUD loved-one’s alcohol consumption progresses, interactions between the 

reward and stress systems in the brain become inflexible and lead to the development of a 

pathological attachment to alcohol (Burkett & Young, 2012; Chambers & Wallingford, 

2017). However, although not often discussed, it should equally be considered how the 

development of a pathological and/or insecure attachment might affect the other person in 

an attachment relationship (i.e., family member of a loved-one with AUD). Similar to 

how AUD loved-ones become attached to alcohol, their is potential for a loved one’s 

AUD to influence family members’ attachment to their AUD-loved one. Family members 

may show brain regional activation associated with their attachment style similar to that 

found among persons with AUD.  
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At the same time, family members heightened emotional distress from their 

experiences with their AUD loved-one likely becomes internalized, shifting family 

members IWM of attachment, leading to fear-based responses that influence unhealthy 

attachment behaviors with their AUD loved-one. There is abundant evidence that on-

going attachment experiences are important for understanding interpersonal functioning 

(Girme et al., 2018). Examining associations between attachment and how the brain 

functioning of a family member of a loved-one with AUD can contribute to such 

research.   

Attachment Styles and Internal Working Model of Attachment 

Attachment theory focuses on the development of close emotional bonds to 

significant others, and how those bonds shape and influence how the self develops over 

time (Bowlby, 1969, 1988). According to attachment theory, every person has a 

biologically and genetically imprinted need to develop relationships with others because 

physical and emotional proximity to a loved-one is a necessity from infancy and ensures 

survival (Bowlby, 1969). As such, every person is born with a behavioral system that is 

activated in times of need, particularly during times of fear and uncertainty (Johnson, 

2005).  

According to attachment theory, an individual can have multiple behavioral 

systems, but the most prominent ones are the attachment and caregiving systems (Gillath 

et al., 2016a). The attachment system motivates one to seek proximity to their attachment 

figure (e.g., infant to caregiver) because attachment to others provides comfort during 

times of emotional distress and is our primary protection against feelings of helplessness 

and meaninglessness (McFarlane & van der Kolk, 1996). The caregiving system 
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motivates one to provide care and comfort to someone seeking it (e.g. caregiver to infant) 

(Bowlby, 1982). Therefore, the goal of one’s attachment system is the aim of another’s 

caregiving system (Mikulincer & Shaver, 2017) creating a pattern of interactions that 

meets the needs of both involved.   

Through the interactions generated by these systems, attachment relationships are 

built where the responsiveness and experiences with the attachment figure create an 

individual’s attachment style and the ways in which they behave (Gillath et al., 2016a; 

Johnson, 2005). Attachment styles apply mental rules regarding how an important other 

is going to act and respond when their attachment system is activated during times of 

emotional distress (Bretherton, 1992; Johnson, 2005). An attachment relationship, which 

typically develops between a child and primary caregiver, constitutes the starting point 

for the development of ensuing emotional ties with people ever more distant than the 

primary caregiver – both within the family, as well as outside of it as a child grows 

(Ainsworth & Bowlby, 1991). As such, the presence of an attachment figure, such as 

parents, children, spouses, and lovers, provides comfort and security, while the perceived 

inaccessibility of such figures creates distress (Johnson, 2005). Attachment responses to 

the perceived accessibility and inaccessibility of attachment figures are representative of 

one’s attachment style.  

These attachment styles which originate in childhood were developed by Mary 

Ainsworth and include secure, avoidant, and anxious/ambivalent. Ainsworth’s childhood 

attachment styles also have corresponding adult attachment styles known as secure, 

dismissive/avoidant, and preoccupied/anxious (van Ecke et al., 2006). Attachment 

anxiety is characterized by consistent worry about rejection or abandonment, feelings of 
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insecurity, and a strong need to seek love and care. Attachment avoidance is 

characterized by distrust in others, self-reliance and autonomy, and a defensive striving to 

preserve behavioral and emotional independence. Lastly, attachment security is 

characterized by a sense of safety, confidence in self and in the responsiveness of 

attachment figures, as well as by a comfort with emotional expression (Ainsworth et al., 

1978; Gillath et al., 2009).  

Attachment theory also assumes that attachment styles are stable, habitual 

responses and self-perpetuating patterns of interaction (Johnson, 2005), therefore, the 

infant-caregiver relational dynamics also regulate relational dynamics in adulthood 

(Gillath et al., 2016a) with a large amount of research supporting such stability 

(Kirkpatrick & Hazan, 1994; Simpson et al., 2007; Waters et al., 2000). According to 

attachment theory, experiences in early attachment relationships with attachment figures 

not only influence attachment style but also set the stage for an individual’s 

developmental trajectory and formation of their IWM (Bowlby, 1988; Bretherton, 1987; 

Bretherton et al., 1986; Fletcher et al., 2015).  

The patterns, emotions, thoughts, and anxieties that are generated and experienced 

within attachment relationships are what characterize one’s IWM (Bowlby, 1988). These 

models or mental representations are the foundation from which views of self and others 

are based and act as a blueprint for how we behave and interpret a loved-one’s behavior 

(Bowlby, 1988). IWMs are governed by our attachment style and can be either positive or 

negative (Gillath et al., 2006; Mikulincer & Shaver, 2007b).  

Positive IWMs result from interactions with a supportive attachment figure and 

the creation of a core sense of security. For example, securely attached individuals have 
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an IWM that views the self as worthy of love and care and as confident and competent, 

while believing that others will be responsive when needed and are therefore dependable 

and trustworthy (Johnson, 2005). Negative IWMs result from interactions with an 

unsupportive attachment figure and the creation of a core sense of insecurity represented 

by either avoidance or anxiety, and affect the ability to manage stress and self-soothe 

(Bowlby, 1982). For example, avoidantly attached individuals have an IWM that views 

the self as autonomous and self-reliant while being reluctant to trust others. Anxiously 

attached individuals view the self as doubtful and have a low self-worth while worrying 

about others’ intentions (Bretherton, 1992).  

Like attachment styles, the stability of one’s IWM is also said to remain fairly 

stable across time and guides the functioning and construction of an individual and their 

significant relationships (Bowlby, 1988; Cassidy & Shaver, 2010; Shaver & Mikulincer, 

2002). Such significant relationships are formed with attachment figures and are 

organized in such a way to create an individual’s attachment hierarchy. Attachment 

theory believes that as individuals grow attachment related functions are transferred as 

individual’s attachment hierarchy reorganizes across the lifespan (Bowlby, 1969a, 1982; 

Trinke & Bartholomew, 1997). For example, attachments shift from parents to close 

friends and romantic partners and once individuals are married their spouse becomes their 

primary attachment figure. However, adults who are not in a romantic relationship or 

married are likely to use their parents or close friends for attachment-related functions 

(Doherty & Feeney, 2004; Schachner et al., 2008). The difference between parent-child 

and adult attachment relationships is that parent-child relationships are structured as 
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unidirectional caregiving/receiving relationships while adult relationships are structured 

to provide reciprocal caregiving/receiving (West & Sheldon-Keller, 1994). 

However, it’s been suggested by Bowlby’s original theory and some of its 

contemporary conceptualizations (Fraley & Brumbaugh, 2004; Gillath et al., 2008; 

Mikulincer & Shaver, 2007) that attachment styles are more than stable dispositions and 

are likely influenced or shaped by major life events (Cozzarelli et al., 2003; Davila & 

Sargent, 2003; Feeney & Noller, 1992; Hammond & Fletcher, 1991), and diverse 

contextual factors (Baldwin & Fehr, 1995; Davila et al., 1997; Gillath & Shaver, 2007) 

such as traumas and levels of stress (Johnson, 2005). According to Bowlby (1969/1982), 

one’s IWM generally reflects experiences individuals have had, especially those in close 

relationships, which are revised and updated as a person enters new relationships and has 

new experiences; for example, a dating couple experiencing the transition to a newly 

married couple. Yet, IWMs can also mold current relationships. An example of this might 

be a parent experiencing the new development and progression of a child’s AUD. 

Therefore, while IWMs can easily become self-perpetuating, these forms of engagement 

can and do change when relationships change and are best thought of as continuous, but 

not absolute (one can become more or less secure) (Johnson, 2005). As such, attachment 

theory is a systemic theory that is not just concerned with a reality-reflecting system but 

also a reality-regulating and reality-creating system (Bretherton & Munholland, 1999; 

Johnson & Boisvert, 2002). 

Although it’s largely been identified as a trait like mechanism, the malleable 

nature of attachment styles through healing interactions, or painful ones like those often 

experienced by family members of AUD loved-ones, may indicate assessment of present 
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states of attachment as more reasonable. Therefore, adult attachment styles and 

subsequent behaviors may be better understood from a current state rather than trait 

perspective by taking into account recent interpersonal experiences instead of only 

childhood ones (Fraley, 2007). Regardless of IWMs forming early in life, there is 

abundant evidence that on-going attachment experiences are important for understanding 

interpersonal functioning (Girme et al., 2018). Attachment theory may therefore further 

help explain how the impactful experiences of a loved-one’s AUD influences family 

members’ current IWM, associated regional brain activation, and personal recovery.  

AUD as a Family Disease  

Alcohol Use Disorder is widely recognized as a family disease (Lander et al., 

2013) as alcohol use touches all aspects of family life (Jackson et al., 2007). Research has 

demonstrated that family members’ individual health, relationships, and family dynamics 

are negatively impacted (Ray et al., 2007; Wegscheider-Cruse, 1989; Weisner et al., 

2010) because as a loved-one’s AUD grows so does family conflict, stress, isolation, and 

health concerns (Choate, 2015; Lee et al., 2011; Weisner et al., 2010). For example, 

evidence has shown a correlation between the severity of a loved-one’s AUD and family 

members’ health with AUD family members having increased rates of congestive heart 

failure, heart disease, diabetes, asthma, lower back pain, injuries, poisoning, and hepatitis 

C (Weisner et al., 2010). Additionally, family members of AUD loved ones have higher 

odds of having a diagnosis of depression, major psychosis, or personality disorder 

(Weisner et al., 2010). Family members are at greater risk for developing chronic medical 

and psychiatric health conditions and have increased health care expenditures than family 

members of similar age, gender, and socioeconomic status without an AUD (Ray et al., 
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2007; Weisner et al., 2010). Family members also experience chronic feelings of mutual 

alienation, loneliness, meaninglessness, rejection, abandonment, loss, deprivation, guilt, 

anxiety, rage, depression, and worthlessness (Textor, 1987). Blame and shame are also 

often felt by family members, especially parents because of the vast amount of societal 

pressure to be a successful primary caregiver (Smith & Estefan, 2014). 

Often times these emotions take control of family members behaviors leading to 

unsuccessful attempts at intervening and creating change (Choate, 2015). However, as 

family members feel they cannot control or fix their AUD loved one’s-use and behaviors, 

feelings of failure, guilt, and shame set in. This often leads to increased feelings of 

stigmatization from friends and family, which results in a need for secrecy and the 

development of dissonance, denial, and social isolation (Orford et al., 2010, 2013; Textor, 

1987; Kahler et al., 2003; Norton, 1994; Brown & Lewis, 1995). The inability to meet the 

social pressures of being the primary caregiver along with the responsibility of managing 

the problem thus reinforces family members’ negative emotions and avoidance of outside 

help (Corrigan et al., 2006; Smith & Estefan, 2014).  

Feeling defeated, family members begin to neglect the way they present 

themselves in everyday situations and ignore their own well-being. This results in 

decreased healthy coping skills as coping becomes more maladaptive and survival-based 

(Cummins et al., 2007; Velleman & Templeton, 2003). To protect such survival family 

members cope by either putting up with their loved one’s AUD, confronting them, or 

withdrawing (Orford et al., 2013). The family environment thus becomes filled with 

relational distress, unhealthy family functioning, and traumatic attachment experiences 

which continue to influence the progression of AUD (Chaplin & Sinha, 2013; Fals‐
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Stewart et al., 2009; Rowe, 2012; Tobler & Komro, 2010; Tops et al., 2014). This 

instability within the family environment often weakens the psychological support AUD 

loved-one’s receive from family members, creating emotional distress and the need to 

cope by using alcohol (Kernberg, 1985; Waska, 2006).  

Anger begins to seep into relationships putting strain not only on family 

members’ relationship with their AUD loved-one but also on family relationships across 

the entire system, including extended family (Barnard, 2006). As this occurs, parent-child 

relationships, siblings relationships, and co-parenting weaken as family functioning 

declines and stress increases (Choate, 2015). Ultimately family members’ emotional 

distress increases and attachment needs regarding social and familial support go unmet. 

Family members are thus left having to depend on their AUD-loved one to meet their 

attachment needs. As family members begin to have to depend more and more on their 

AUD loved-one for support, their attachment hierarchy likely becomes restructured with 

their AUD loved-one at the top. This may be reflected by the behaviors family members 

display towards their AUD loved-one which may serve the same rewarding purpose that 

alcohol did for their AUD loved-one seeking recovery.  

As a loved one’s AUD progresses, they begin under functioning in or avoiding 

other important areas of their life. As a result, family members often take on various roles 

out of a sense of necessity in hopes of stopping or changing their AUD loved-one’s use. 

However, these efforts result in family members over-functioning for their AUD loved-

one which often results in further stress and pain. What were temporary attempts at 

achieving stability and safety in the family system become more long-term patterns of 

engagement that negatively impact family health and functioning (Bowen, 1991; 
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Johnson, 2005). This process may often occur unconsciously as anxious clinging and/or 

detached avoidance can develop into habitual styles of engagement with family members 

(Wegscheider-Cruse, 1989; Johnson, 2004; Wegscheider-Cruse & Cruse, 2012).  

Furthermore, the resulting shifts in family members attachment style likely affects 

their relationships with any important other, regardless of if they are the AUD family 

member, or a non-AUD family member. Research has shown that parents find themselves 

in conflict with another over how to react and manage a loved one’s AUD behaviors 

(Butler & Bauld, 2005). Communication between parents begins to weaken and one 

parent often begins withdrawing from the chaos while the other is having to take on a 

heavier parenting burden (Choate, 2015). Additionally, parents neglect the needs of their 

other children resulting in siblings turning to outside others for guidance and support 

(Howard et al., 2010; Needle et al., 1986). According to Jackson et al. (2007), parents 

have described their experiences as being torn between wanting to provide support for 

their AUD child while needing to ensure a stable environment for their other children 

whose peaceful use of the family home is affected.  

Due to the powerful nature of and survival-based features found in attachment 

theory (van Ecke et al., 2006), family members’ behaviors may be better explained and 

treated through an attachment theory lens. These ultimately problematic behaviors reflect 

family members’ active struggle to try and make their AUD loved-one better and to help 

the family survive (Howard et al., 2010; Needle et al., 1986). For family members, the 

negative experiences they have with their AUD loved-one and other family members 

likely become internalized resulting in shifts to their IWM and the formation of an 

insecure attachment style. Family members are thus left unaware of the influences of 
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their current attachment style, the changes they need to make to their IWM and their need 

for personal recovery. Additionally, behaviors in the context of attachment relationships 

are positively and/or negatively reinforced through the stress and reward systems in the 

brain. 

This reinforcement can result in a self-perpetuating pattern of interactions and 

compulsive behaviors of family members that ultimately maintain their AUD loved-one’s 

use and creates a cycle in which these behaviors reoccur. Ultimately, this can create an 

unhealthy pursue-withdraw pattern that is reinforced through activation of reward and 

stress brain regions. For example, as family members progressively increase their pursuit 

and efforts to provide care to their AUD loved-one, their AUD loved-one often continues 

to withdraw as their attachment to alcohol strengthens. Additionally, as an AUD loved-

one increases their alcohol intake, ensuing withdrawals become more difficult and lead to 

aggressive and intimidating behaviors (Shyangwa et al., 2008). The already fragile 

relationship between an AUD loved-one and a family member is further impacted by 

these aggressive and intimidating behaviors that center around the procurement and 

consumption of alcohol in order to achieve the rewarding effect from drinking (Orford et 

al., 2010). As relationships become toxic and start to erupt, family members are left 

feeling a fundamental threat to their basic sense of self, well-being, and safety (Bowen, 

1991; Arcidiacono et al., 2009; Horta et al., 2016; McCann et al., 2017, 2019).  

It is through this process of continued adjustments in behavior centered around an 

AUD loved-one’s use that family members may experience shifts in their IWM of 

attachment, which impacts their relationship to their loved-one. Unfortunately, as family 

members engage in maladaptive behaviors alleviate their own emotional distress or fear, 
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even if the behaviors are well-intended, it may cause more emotional distress later. 

According to Velleman et al. (1993), this is because family members may inevitably feel 

hurt, bitter, let down, anger or hatred. Nevertheless, family members remain highly 

ambivalent toward change, and focus on positive qualities their AUD loved-one showed 

in the past or that are present in the absence of alcohol, or positive hopes for the future. 

As family members neglect negative feelings and maintain a biased focus on the past, 

present, or future, exposure to their loved-one tends to lift them from a negative or 

neutral emotional state to a positive emotional state. After repeated exposure, lack of 

contact to their loved-one can impose a negative affective state that is relieved only by 

exposure. This process would parallel the process for the loved-one with AUD and their 

attachment to alcohol (Baumeister & Leary, 1995; Bowlby, 1973; Koob & Le Moal, 

1997). 

Brain Regions Involved in AUD and Attachment 

Research has shown that similarities exist between patterns of affective, cognitive, 

and behavioral responding to attachment figures and addictive substances (Burkett & 

Young, 2012; Cooper et al., 1998; Kassel et al., 2007; Vungkhanching et al., 2004). That 

is because overlap exists between the psychological and neurobiological processes that 

support the development and maintenance of AUD and attachment relationships (Burkett 

& Young, 2012; Insel, 2003).  

Reward helps shape behavior in that various behaviors are rewarded by the 

feeling of pleasure via the release of dopamine (Koob & Volkow, 2016). The rewarding 

experiences had in attachment relationships and AUD are similarly felt through the 

activation of the mesolimbic dopaminergic pathway as it is central to the sensation of 
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reward and pleasure (Goldstein & Volkow, 2002). The mesolimbic dopaminergic 

pathway originates in the ventral tegmental area (VTA) and includes connections with the 

nucleus accumbens (NA), amygdala, hippocampus, and prefrontal cortex (PFC) 

(Goldstein & Volkow, 2002). The VTA is located in the midbrain and is responsible for 

processing information regarding how well various needs are being met (Carter, 2019). 

The information gathered by the VTA is then sent to the NA, known as the pleasure 

center of the brain, via the neurotransmitter dopamine (Carter, 2019). The NA controls 

motivational behaviors and ultimately acts as the headquarters for one’s “will power” and 

survival (Chambers & Wallingford, 2017). From there its then transmitted to the PFC, 

which is responsible for higher order functioning and cognitive abilities, and where 

pleasure associated with dopaminergic activity can be consciously experienced (Carter, 

2019; Chambers & Wallingford, 2017). The mesolimbic dopaminergic pathway also 

modulates and is modulated by the amygdala and hippocampus. The amygdala 

communicates information about the rewarding (e.g., affection, drug of abuse) or 

aversive (e.g., stress, injury) features of a stimulus. The hippocampus serves as the hub 

for memory about facts, people, and places (Tartar et al., 2019). Other prominent reward 

associated brain regions include the Orbitofrontal Cortex (OFC), Anterior Cingulate 

Cortex (ACC) and the Insular Cortex (IC) (Fein & Cardenas, 2015).  

The release of dopamine via the mesolimbic dopaminergic pathway helps to 

ensure individuals remember what behaviors they’ve engaged in that were beneficial to 

their survival and were rewarding (O’Connell & Hofmann, 2011). For example, the 

release of dopamine occurs in response to a variety of naturally reinforcing and 

motivating stimuli including food, sex, game winning, stress, novelty, and social 
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interaction (Berke & Hyman, 2000; Wise, 2008). The integration of the mesolimbic 

dopaminergic pathway with reward regions of the brain thus work together to enrich an 

individual’s experience and direct motivational and behavioral responses toward 

rewarding stimuli (Nestler, 2004). For example, dopamine released during experiences 

had within attachment relationships contributes to developing a healthy, rewarding and 

secure attachment style (Beck, 1999; Blatt, 2008; Gilbert, 2006). The same type of 

dopamine release is also produced by alcohol, mimicking the rewarding experience had 

within attachment relationships (Lüscher, 2016). Essentially, these brain regions involved 

in reward contribute to the storing, processing, and generating of motivational 

representations that guide, sequence, and select the behaviors people act out (Chambers 

& Wallingford, 2017).  

Fundamental to AUD and its development is understanding how alcohol induces 

change in the functioning of the reward system (Koob & Le Moal, 1997). 

Communication within and between these brain regions happens through the continuous 

use of neural pathways (Alvarez-Monjaras et al., 2019), specifically the mesolimibic 

dopamine pathway (Koob & Volkow, 2016). Substances cause a flood of dopamine in the 

pleasure center (NA) (Anton, 2010) that results in an exaggerated hedonic (pleasure 

generating) response. To offset the exaggerated response and decrease dopamine levels, 

the brains stress system is recruited to release hormones that attempt to normalize the 

reward system response (Aston-Jones et al., 1999; Koob & Le Moal, 1997; Koob & 

Volkow, 2016). However, the reward pathway can become “hijacked” by substances 

where “normal” social living behaviors no longer produce natural rewards resulting in 

increased stress and the need for increased amounts of a substance to achieve desired 
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reward (Anton, 2010; Koob & Volkow, 2016). Thus, as AUD evolves, the rewarding 

effects, incentive salience and drug-seeking habits produce dopaminergic changes in the 

brain’s reward system where more alcohol is required to achieve the same effect. 

Similarly, attachment research has discovered that the rewarding features of 

attachment relationships also include various interactions with brain regions involved in 

the reward system via projections of the mesolimbic dopaminergic pathway (Insel & 

Young, 2001; Panksepp & Watt, 2011; H. Rutherford et al., 2011; Strathearn et al., 2009; 

Swain et al., 2007). For example, in situations characterized by threat, increased stress 

and fear motivates individuals to seek connection to an attachment figure to ensure 

survival, thus producing a rewarding effect (Hostinar et al., 2014; Panksepp & Watt, 

2011). Additionally, research regarding attachment and the reward system suggests it 

plays an important role in the development and regulation of the stress system (Hostinar 

et al., 2014; Strathearn, 2011; Swain et al., 2014). For securely attached individuals, 

positive relational experiences lead to decreases in stress and increases in reward, 

producing feelings of autonomy, confidence and resilience. By contrast, negative 

relational experiences had by insecurely attached individuals lead to vulnerability and 

increased levels of stress, indicated by dysfunctions in the reward system (Auerbach et 

al., 2014; Pizzagalli, 2014; Strathearn, 2011). Such negative relational experiences 

produce feelings of weakness, incompetence, and decreased confidence in abilities to 

deal with adversity. Due to the powerful nature and survival-based features found in 

attachment theory (van Ecke et al., 2006), behaviors in the context of attachment 

relationships are positively and/or negatively reinforced through the reward system in the 
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brain. Taken together, an AUD loved one’s attachment to alcohol is reinforced by the 

dysregulation of the brain’s reward system. 

As previously mentioned, as alcohol use and behaviors become chronic, the 

reward system becomes suppressed by the stress system increasing tolerance and the 

demand for more and more alcohol or whatever behavior is needed to achieve reward-

associated pleasure (Carter, 2019; Goldstein & Volkow, 2011). As tolerance increases, so 

do the chances of withdrawal resulting in the recruitment of the brain’s stress system 

which contributes to the anxiety and stress-like effects felt during withdrawal (Koob & 

Volkow, 2016). Increased recruitment of the stress system further decreases the release of 

dopamine in the reward system (Koob & Volkow, 2016). This contributes to the 

development of negative emotional states, dysregulation, and withdrawal trumping the 

effects of the same amount of alcohol (Goldstein & Volkow, 2011). The once rewarding 

effects felt from alcohol become overshadowed by repetitive need to use as drinking 

becomes exclusively about helping calm the increased sense of psychological pain, 

anxiety, and tension (Alcaro & Panksepp, 2011). In an effort to ease the relentless 

emotional distress, craving increases and compulsive alcohol use ensues as executive 

control over incentive salience essentially stops because of the suppressed reward system 

and overactive stress system (Johnston et al., 2016). Ultimately, AUD loved-one’s 

develop a pathological attachment to alcohol in which their attachment hierarchy 

becomes restructured with alcohol becoming their primary attachment for comfort and 

survival (Burkett & Young, 2012; Chambers & Wallingford, 2017). 

It is suggested that similar dopaminergic processes may occur for the family 

members of AUD loved-ones (Shumway et al., 2019). Similar to how an AUD loved-
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one’s reward system brain regions respond to alcohol in active AUD; it might be inferred 

that family members’ reward system brain regions respond in a parallel fashion to their 

AUD-loved one when engaging in behaviors that prompt relief of emotional distress. 

Similarly, just as an AUD loved one’s use moves from impulsive to compulsive, 

conditioning the brain through positive and negative reinforcement (Johnston et al., 2016; 

Koob & Volkow, 2016), family members’ behavior toward their AUD-loved may also 

become compulsive and negatively reinforced through relief of emotional distress. Such 

reinforcement may lead to family members developing a cue-reactive salience bias 

towards their AUD loved-one, similar to the salience bias their loved-one has toward 

alcohol (Goldstein & Volkow, 2011). Such behaviors and neurological bias are likely 

related to one’s attachment style and predictive activation in reward regions of the brain 

in response to cues of a loved-one with AUD. Research further supports this providing 

considerable evidence that adult attachment relationships play a key role in the reward 

system (Gunnar & Quevedo, 2007; Hostinar et al., 2014; Lupien et al., 2009; Panksepp & 

Watt, 2011; Watt & Panksepp, 2009). 

Integration and Summary 

In AUD, the interaction between alcohol use and associated dopaminergic 

responses in the brain stimulate reward, stress, and executive functioning regions that 

incite a process that facilitates compulsive and repetitive use (Johnston et al., 2016; Koob 

& Volkow, 2016), creating an attachment to alcohol. Likewise, for family members an 

interaction between their attachment style and associated dopaminergic responses in the 

brain may also stimulate the same reward brain regions that motivate a process that 

facilitates compulsive and repetitive behaviors towards an AUD loved-one. As a result, 
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family member’s current attachment style may be predictive of reward brain region 

activation in response to images of an AUD loved-one.  

For example, when a family member engages in a behavior in which they 

discover helps them achieve the reward of relieving emotional distress (i.e. anxiety, fear, 

stress), it likely involves the VTA as is the case with alcohol use (Wegscheider-Cruse & 

Cruse, 2012; Koob & Volkow, 2016). As the family member enacts the behavior, their 

pleasure center (NA) is flooded with dopamine easing their emotional pain and 

discomfort, making the behavior rewarding (Wegscheider-Cruse & Cruse, 2012). 

However, as a loved-one’s AUD worsens, family members’ emotional distress increases 

and family members become more invested in changing their loved-one’s AUD 

behaviors out of fear for their loved-one’s survival.  

As a result, family members find themselves in situations characterized by 

anxiety, stress, powerlessness, as well as experience feelings of guilt, shame, 

helplessness, and meaninglessness (Orford et al., 2010, 2013; Textor, 1987). 

Additionally, as an AUD loved-one increases their alcohol intake the ensuing 

withdrawals become more difficult (Koob & Le Moal, 2008; Panksepp et al., 2002) and 

their behavior often becomes more aggressive. Family members are thus left with feeling 

a threat to their own safety (Arcidiacono et al., 2009; Horta et al., 2016; McCann et al., 

2019; McCann & Lubman, 2018) and feeling like they can no longer rely on their AUD 

loved one. As some scholars have put it, the trauma and negative experiences 

experienced within a family with an AUD loved-one often manifests as a disruption in 

the boundaries between self and other with resultant unmet needs (Buckley-Walker et al., 

2017). Therefore, it can be inferred that the traumatic experiences family members go 
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through with their AUD loved-one likely result in an insecure attachment style. 

The emotional distress experienced in this process must be coped with; however, 

because of the negative impacts generated by a loved ones AUD, family members have a 

decreased ability to cope (Velleman & Templeton, 2003). Additionally, family members’ 

attachment style also influences their ability to cope with such stressful experiences 

(Diehl et al., 1998; Meyers, 1998). Similar to how tolerance develops to alcohol in AUD, 

behaviors that were previously relieving for family members may no longer produce the 

same reward, resulting in family members having to engage in more behaviors in order to 

achieve emotional relief. This can result in a self-perpetuating pattern of interactions and 

compulsive behaviors that potentially maintains their AUD loved-one’s use and 

reinforces family members’ behaviors. Overtime, this becomes a pursue-withdraw 

pattern, in which for family members, engagement or interaction with their loved-one is 

reinforcing through activation of reward regions in the brain.   

Resulting feelings of stress and anxiety likely cause family members’ reward 

system to become suppressed by their stress system leading to increased behavior toward 

their AUD loved-one in hopes to experience emotional relief. However, as family 

members progressively increase their pursuit and efforts to provide care to their AUD 

loved-one, their AUD loved-one continues to further withdraw toward an attachment to 

alcohol.  

Similar to the symptoms of withdrawal seen with an AUD loved-one when they 

do not drink alcohol, family members may also experience withdrawal symptoms such as 

insomnia, anxiety and depression when not getting their attachment needs met by their 

AUD loved-one. Then, family members may engage in survival-based behaviors to 
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eliminate their discomfort, similar to the response of someone with AUD going through 

withdrawal. For instance, family members may begin adopting secondary attachment 

strategies such as hyperactivation of their attachment system which involves behaviors 

other than appropriate proximity seeking (Mikulincer & Shaver, 2003).  

In this context, hyperactivation of the attachment system in insecurely attached 

individuals is manifested in energetic attempts to gain greater proximity, support, and 

protection, combined with a lack of confidence that it will be provided (Mikulincer & 

Shaver, 2017). Thus, family members behaviors in the context of attachment 

relationships may be motivationally driven by fear, stress, and anxiety, and positively 

and/or negatively reinforced through the reward and stress systems in the brain. 

Additionally, such negative emotions and experiences likely restructure family members 

attachment hierarchy with their AUD loved one at the top. Yet, the shifts in attachment 

still impact the IWM that guides perspectives and behaviors in many important 

relationships, not just the one with the person with AUD. 

However, such cue-reactivity brain research regarding family members’ brain 

activation as it relates to their AUD loved-one is sparse and only in its infancy. 

Preliminary research studies utilizing Functional Near-Infrared Spectroscopy (fNIR) to 

examine the activation of family members’ PFC is demonstrating altered functioning 

(Shumway et al., 2019). Additionally, while an association between family members’ 

PFC activation and levels of codependency has been found (Zielinski et al., 2019), the 

discrepancy within literature surrounding codependency to accurately explain family 

member behavior makes it difficult to study. Examining family members current adult 

attachment and associated brain region activation is warranted. 
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Such preliminary evidence further demonstrates that family members brain 

activation is impacted by their AUD loved-one and points toward the need to conduct 

whole brain analyses in order to confirm fNIR results. The current study will secondarily 

utilize fMRI data that was originally collected to examine whether or not attachment 

associates with activation in reward regions of the brain, including subcortical regions, in 

response to images of a loved-one with AUD. Results of this study will contribute new 

findings surrounding how attachment links to the activation of the reward system in the 

brain as well add to the literature on family members and codependent behavior. Results 

may demonstrate attachment as an alternative way of explaining and examining family 

member experiences. Additionally, part of the goals of this study as a premilinary study is 

intended to create recommendations for the next stage of the study.  

Research Questions 

1. Do attachment anxiety, avoidance and security associate with brain activation in

brain regions associated with reward processing in response to images of loved-

one with AUD/target family member, regardless of group membership?

2. For the family group, and after controlling for attachment anxiety, avoidance and

security, is there a significant difference in activation of reward regions of the

brain in response to images of an AUD loved-one versus a non-AUD/neutral face

image?

3. After controlling for levels of attachment anxiety, avoidance and security, is there

a significant difference between family and control groups regarding activation of

reward regions in response to AUD loved-one/target family member images?

Hypotheses 
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1. a) Activation of regions involved with reward in response to images of an AUD

loved-one will be positively associated with attachment anxiety and negatively

associated with attachment avoidance and attachment security, regardless of

group membership.

b) There will not be any significant interactions between group membership and

attachment anxiety, avoidance, or security. 

2. After controlling for attachment anxiety, avoidance and security, there will be no

significant difference in activation of reward regions in response to images of an

AUD loved-one/target family member versus a non-AUD/neutral face image.

3. After controlling for attachment anxiety, avoidance and security, there will be no

significant difference between family and control groups regarding activation of

reward regions in response to AUD loved-one/target family member images.
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CHAPTER 3 

METHODS 

Participants 

This study was a secondary analysis of data taken from an original study at the 

Center for Addiction Recovery Research (CARR) that included 30 total participants. 

These participants were a part of three different study groups. One group included 10 

persons who were in recovery from AUD and had recently completed treatment (AUD 

group). The second group included 10 involved family members of those participants 

who had recently completed treatment for AUD (family group). The third group included 

10 individuals who did not have diagnosed AUD for themselves, a spouse, a child, or any 

family relative for the previous three generations (control group). However, the research 

questions of this secondary analysis differ from those of the scope of the original study, 

and therefore only the family and control groups were included. Accordingly, the data 

from a sample of 20 participants (10 family group members and 10 control group 

members) between the ages of 25 and 64 were utilized for the current study.  

The family group included the biological parent or spouse of a corresponding 

AUD loved-one. Family members ranged in age from 47 to 64 years old (M = 55.50, SD 

= 6.08). Within the family member group, six participants were right-handed, three were 

left-handed, and one was ambidextrous. Of these 10 family members, six were a spouse 

and four were a biological parent of a loved-one seeking recovery from AUD. Seven of 

these family members identified as female and three as male. Control group participants 

ranged in age from 25 to 46 years old (M = 29.10, SD = 6.23) with nine being right-

handed and one being left-handed. Participants in the control group included the 
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biological parent or spouse of a selected target family member (either a spouse or a child) 

with no history of diagnosed AUD. Of the 10 participants in the control group, nine were 

a spouse and one was a biological parent, and regarding gender, four identified as female 

and six as male (see Table 1). 

Table 1. Descriptive Statistics, family (n=10) and control (n=10) groups 
Family Group Control Group 

Variables M (SD) Min - Max M (SD) Min - Max 
Age 47 - 64 
Height (inches) 65.90 60 - 75 67.80 62 - 74 
Handedness 
Age of AUD loved one/ 
Target Family Member 

42.44 23 - 59 26.20 18 - 31 

Variables Frequency (%) Frequency (%) 
Role of AUD loved one/ 
Target Family Member 

Son 4 (40) 
Daughter 1 (10) 
Wife 3 (30) 5 (50) 
Husband 3 (30) 4 (40) 

Income 
$10,000-$40,000 8 (80) 
$40,000-$80,000 1 (10) 2 (20) 
$80,000-$150,000 3 (30) 
$150,000-$250,000 6 (60) 

Sex 
Male 3 (30) 6 (60) 
Female 7 (70) 4 (40) 

Religious Affiliation 
None, but I believe in a 
Supreme Entity 

2 (20) 

Atheist 1 (10) 
Other 7 (70) 10 (100) 

Sexual Orientation 
Heterosexual 8 (80) 10 (100) 
Gay/Lesbian 1 (10) 
Other 1 (10) 

Race/Ethnicity 
Caucasian 9 (90) 9 (90) 
Black/African American 1 (10) 
Hispanic  1 (10) 
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To qualify for family or control group participation, interested persons had to be 

between the ages of 18-65. Specific to participation in the family group, interested 

persons had to have a matched family member who qualified and agreed to participate in 

the corresponding AUD group. This matched loved-one also had to be a spouse or 

biological child, have previously received a clinical diagnosis of AUD, have previously 

attended inpatient or intensive outpatient treatment, and have remained abstinent from 

alcohol consumption for a minimum of 30-days prior to participation. Family members 

with a loved-one who met these criteria were considered to have been impacted by their 

loved-one's AUD and met the criteria for study participation. Participation in either the 

family or control group was not limited by race, ethnicity, gender, religious affiliation, 

sexual orientation, or other important contextual factors. Other demographic and 

descriptive information regarding both the family and control groups can be found in 

Table 2. 

Table 2. Additional Treatment and Recovery Demographics for Family Group (n 
= 9) 

Variables M (SD) Min - Max 
Most recently entered treatment 
How long considers loved one 
in recovery (days) 

49.0 7 - 90 

Variables Frequency (%) 
Completed treatment 

Yes 8 (80) 
No 1 (10) 

Whether family considers them 
in recovery 

Yes 8 (80) 
No 1 (10) 

Relapsed since recovery 
Yes 1 (10) 
No 8 (80) 

Family utilizes 12-steps 
Yes 1 (10) 
No 8 (80) 
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Participants were excluded from participation in the study if they reported having 

severe visual impairments or had some other mental, medical, or health condition that 

would make participation unsafe. For example, participants were excluded if they self-

reported experiencing any form of delusion or psychosis. Additionally, all participants 

had to meet the Texas Tech Neuroimaging Institute (TTNI) safety criteria of not having 

any metal devices or metal parts anywhere in their body (see appendix C). If they did, 

they were excluded from participation. Assessment of all criteria was carried out by a lab 

team member via phone utilizing the proper participant group phone screener (see 

appendix D & E). The study was approved by a university institutional review board, and 

participants signed written informed consent for both the CARR and the TTNI before 

participating (see appendix F & G).  

Recruitment 

Various convenience sampling strategies (Sprenkle & Piercy, 2005) were utilized 

to recruit volunteer participants including fliers posted around a university, phone calls to 

individuals who participated in a previous neuroimaging study, social media posts on 

Facebook, verbal outreach at a local inpatient treatment facility, and through an electronic 

university-based announcement software. See appendix H-M for examples of fliers. All 

participants who expressed interest were informed of the voluntary nature of their 

participation and – depending on where they were recruited from – were informed that 

their participation would not affect their standing as a student, or the treatment of them or 

their AUD loved-one. Those who did want to participate were instructed to email an 

address provided on the flier or electronic announcement, or provided verbally expressing 
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their interest in the study, respectively. Interested participants were then called by a 

research team member who conducted a verbal interview to assess whether they qualified 

for the study (see appendix D & E for assessments). If participants met the qualifications, 

they were then scheduled and sent further safety assessments via email that were to be 

completed before the time of their participation (see appendix N for email prompts) as 

well as instructions regarding the AUD or target family member images needed for the 

presentation (see appendix O for instructions). 

Participant Protection, Benefit, and Risk  

Prior to involvement in the study, all participants were made aware of the risks 

and benefits of participation. All participant documents and electronically recorded data 

were de-identified through the assignment of an identification number that was used in 

place of their name. All participant data was collected by trained, certified, and approved 

CARR lab research team members only and is stored on a secure, encrypted university 

server and on secure, encrypted, password protected hard drives that are stored in a 

locked office. Upon study completion, or upon study termination, all participants were 

given a $25 cash compensation. 

Experimental Design 

This study is a cue reactivity study that utilized a rapid event-related design 

(Huettel et al., 2014) to examine brain activation in response to specific affective images. 

More specifically, the rapid event-related design in this study included two runs, with 

three trials in each run, and 30 events (study images) in each trial. Event-related designs 

allow stimulus events to be considered as impulses, which is important when examining 

cue-reactivity. Event-related designs are also now some of the most common in 
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neuroimaging research, and they allow better estimation of the hemodynamic response 

(Huettel et al., 2014). While the original study collected anatomical T1 scans, functional 

echo-planar imaging (EPI) scans, and diffusion tensor imaging (DTI) scans, this 

secondary analysis utilized only the anatomical and functional scan data.  

General Study Protocol  

Participation for the study began at the TTNI where participants first arrived, 

signed informed consents, completed a blood alcohol content breathalyzer test 

(Alcohawk, Q3 Innovations), and filled out a psychometric battery of electronic 

assessments through Qualtrics (Qualtrics, Provo, UT) on an iPad. A lab team member 

then reviewed the scans that were going to be collected, what the participant would be 

doing in the scanner, and the amount of time they would spend in the scanner (see 

appendix P for script). Then participants were escorted to the door of the scanning room. 

A trained and certified fMRI technician at the TTNI reviewed safety procedures with the 

participant, implemented the safety protocols and then escorted the participant through 

the metal detector and placed them in the scanner. The technician then made any final 

adjustments to the participant and gave them the rating buttons that would be used during 

the functional scan. Once this was completed, the technician left the scanning room and 

began the first T1 anatomical scan (approximately 5 minutes), followed by the EPI 

functional scan (approximately 13 minutes), and lastly completed the DTI imaging scan 

(approximately 7-8 minutes). 

During the EPI functional scan, participants viewed an event-related presentation 

of images and rated all study images administered via PsychoPy (version 3), an open-

source python tool that allows one to build stimulus presentations and collect accuracy 
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and reaction time for each trial (Peirce et al., 2019). When participants were put in the 

scanner, the technician also placed a 2-button rating device under their dominate hand in 

which their index finger went on one button and their middle finger went on the button 

next to it. Participants were told that they would be using the device to rate the images 

they saw by clicking the corresponding button that most accurately fit their rating. 

Participants were then informed that prior to the second scan starting, a screen would 

appear above them in the scanner that would display a set of instructions before each trial 

of images asking them to either rate the images as less negative or more negative; less 

positive or more positive; or to just observe and not rate the images at all. Lastly, 

participants were reminded to follow the instructions as displayed and give their response 

prior to onset of the next image. 

Study Images 

This study included five different image categories including 1) 12 alcohol-related 

images (four liquor, four beer, four wine), 2) 12 non-alcohol beverage images (four 

water, four milk, four juice), 3) six images of the loved-one seeking recovery from AUD, 

4) six neutral family member comparison images (images of a non-AUD loved-one in the

family when available, else a neutral-face image from a standardized image set), and 5) 

12 neutral-common everyday household object images (lamp, chair, clothes pin). These 

neutral object images were selected from the International Affective Picture System 

(IAPS) (Lang et al., 1997). All alcohol-related and non-alcohol beverage images included 

a static, holding, and pouring state. Family member and control group participants were 

asked to provide six images of their loved-one with AUD/target family member. Family 

member group participants were also asked to provide images of a non-AUD family 
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member (to be used as neutral family member comparison images), if possible. These 

images had to be taken within the previous year, preferably with a neutral background, 

and consist only of the loved-one with AUD or non-AUD family member in the image, 

respectively. Family members who did not have a neutral family member comparison 

image, as well as all control group members, were presented with neutral-face 

comparison images selected from the Karolinska Directed Emotional Faces (KDEF; 

Image ID#: AF01NES, AF08NES, AF19NES, AM08NES, AM10NES, AM14NES) 

standardized set of emotional face images (Lundqvist et al., 1998). For the majority of 

participants in the family group, a neutral faced imaged was shown because they did not 

have images of a non-AUD loved-one.  

In an attempt to reduce any potential image property artifacts or noise, each study 

image was edited using Adobe Photoshop and Adobe Lightroom so that there was 1) a 

white/neutral background outside of the image of interest, 2) a size of 3300 px W, 2550 

px H, 3) a resolution of 240 pixels/inch, and 4) a luminance of 25 cd/m2 luminance in 

order to best standardize every image as suggested by scholarly literature for optimal 

BOLD response (Fey et al., 2017; Goodyear & Menon, 1998). All study images can be 

found in appendix Q. 

Image Presentation 

The PsychoPy presentation consisted of two separate runs containing three trials 

of study images. Every trial displayed six randomly selected images from each of the five 

different image categories (30 images per trial), although no image could be shown in a 

trial more than once. Therefore, across the two runs, and three trials per run, each 

participant viewed 180 events or images in total over the duration of both runs. Given this 
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random selection of six images from each category per trial, every image of the loved-

one seeking recovery and non-AUD family member/neutral face comparison image was 

shown at some point in each trial (given that there were only six images in these 

categories). However, for the alcohol, non-alcohol and neutral object image categories 

there was no guarantee that each image would be selected, as only six of the 12 possible 

images were randomly selected and shown in each trial.  

The entire image presentation lasted approximately 13 minutes with each run 

lasting roughly six and a half minutes. Each trial had a duration of between 90 and 120 

seconds. Every image was displayed for two seconds followed by a jittered inter-stimulus 

interval (ISI) randomly assigned to last either 1.0, 1.5, or 2.0 seconds (with minor error 

given variation of GHz refreshing of the screen). Prior to every trial of images in each 

run, participants were asked to rate each image according to the instructions previously 

mentioned. Accordingly, in two of the six total trials, participants were asked to simply 

observe and not provide a rating. Rating assignment instructions per trial were also 

randomized, but each participant was assured to receive a trial with each of the three 

distinct rating instructions in each run. These subjective ratings were primarily 

implemented to aid participants in maintaining attention while inside the scanner and 

were not central to any of the research questions under investigation in this study. 

Measures  

Functional Magnetic Resonance Imaging  

A 3-Tesla MRI scanner (Siemens, Skyra) located at the Texas Tech 

Neuroimaging Institute, with gradient strength of 45 mT/m and a 20-channel head matrix 

coil was used to collect all imaging data in this study.  



Texas Tech University, Mazie Zielinski, May 2022 

48 

State Adult Attachment Measure 

The State Adult Attachment Measure (SAAM) (Gillath et al., 2009) was used to 

measure all participants current state attachment during the time of the experiment. The 

SAAM has been proven to have better reliability than trait measures in capturing 

fluctuations in adult attachment styles (Bezeau, 2010; Xu & Shrout, 2013). The SAAM is 

a standard and well-validated measure of attachment in adults, and its reliability and 

validity has been demonstrated (Gillath et al., 2009). The SAAM provides a 

multidimensional individual profile of attachment security, anxiety and avoidance 

(Gillath et al., 2009). To elicit a state-related response, participants respond to questions 

as it relates to how they feel in the current moment (Gillath et al., 2009).  

The SAAM is a 21-item measure that includes three subscales: seven questions 

assess that assess attachment security, seven questions that assess attachment anxiety, and 

seven questions that assess attachment avoidance. Each item is rated on a 7-point Likert 

scale ranging from 1 (strongly disagree) to 7 (strongly agree). Example items include “If 

something went wrong right now I feel like I could depend on someone” (secure), “I 

really need to feel loved right now” (anxiety), and “I feel alone and yet don’t feel like 

getting close to others” (avoidant). Items for each attachment subscale were averaged 

with higher averages indicating higher levels of anxiety, avoidant, and secure attachment 

styles, respectively. Item 11 of the measure, an item of the secure attachment subscale, 

was reverse scored due to researcher error in how the question was asked on the 

electronic Qualtrics survey. Original Cronbach’s alphas for the three SAAM subscales 

range from .83 to .87, suggesting good internal consistency (Gillath et al., 2009). 

Cronbach alphas for the entire sample (both family and control groups) of the current 
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study were acceptable for anxiety (α = .74), avoidance (α = .82) and secure (α = .92) 

attachment subscales. The Cronbach alphas for the family group participants were also 

acceptable for anxiety (α = .82), avoidance (α = .73), and secure (α = .96) attachment 

subscales. The Cronbach alphas for the control group participants were low for anxiety 

(α = .51), but acceptable for avoidance (α = .87) and secure (α = .81) attachment 

subscales.   

Procedures 

fMRI Scanning 

Anatomical (~5 minutes). A T1-weighted axial MPRAGE (192 slices) were 

obtained to contrast the baseline anatomical brain scans. The specific MR imaging 

parameters used were as follows: repetition time (TR) = 19.0s; Total volumes = 192; 

Voxel size = .9 x .9 x .9 mm; echo time (TE) = 2.49s; field of view (FOV) = 240mm x 

240mm; and flip angle = 9°.  

Functional EPI BOLD scan (~13 minutes). Functional MRI data (41 axial 

slices) were acquired using gradient echo-planar imaging volumes using the following 

imaging parameters: repetition time = 2.0s; total volumes = 196; voxel size = 3 x 3 x 3.5 

mm; TE = 20.0s; FOV = 192mm x 192mm; and flip angle = 80°. This experiment 

provided data regarding the location and magnitude of brain activation for the whole 

brain when viewing and rating the images in the PsychoPy presentation.  

Data Analysis  

Preprocessing 

All brain imaging data in its raw form contains noise, motion, and other artifacts 

that first need to be cleaned prior to analysis. First, all scanned images were indexed by 
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type of scan (anatomical and functional) resulting in the subsequent Brain Imaging Data 

Structure (BIDS). The resulting BIDS dataset was then preprocessed with fMRIprep 

(version 20.0.7), a Nipype (version 1.4.2) based tool (Esteban et al., 2019; Gorgolewski 

et al., 2011) that performed motion correction, slice-timing correction, and spatial 

normalization. Anatomical preprocessing consisted of correcting the T1-weighted (T1w) 

images for non-uniformity and was used as a T1w-reference throughout the remainder of 

the processing. The T1w-reference was then skull-stripped and the brain-extracted. 

Volume-based spatial normalization was then performed through nonlinear registration 

utilizing brain-extracted versions of both T1w reference and the T1w template. Next, 

functional data was also preprocessed using fMRIPrep (Esteban et al., 2020). 

Regarding functional data, fMRIPrep found a reference volume and its skull-

stripped version was generated for each of the two EPI BOLD functional runs per 

subject. This reference was then utilized as a BOLD reference which was co-registered to 

the T1w reference and then motion corrected using MCFLIRT. BOLD runs were then 

slice-time corrected using ‘3dTshift’ from AFNI and resampled into Montreal 

Neurological Institute (MNI) space (resulting voxel size 2 x 2 x 2mm) (Friston et al., 

1994). The resulting BOLD time-series in MNI space was then removed of any motion 

artifacts using ICA-AROMA and spatially smoothed with an isotropic, Gaussian kernel 

with a full-width at half-maximum of 6mm. A high-pass filter was then applied to the 

BOLD time-series resulting in a 4D data set that could then be imported into a General 

Linear Model (GLM). All of these processing steps are completed as part of the 

fMRIPrep data preprocessing software application. 
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Outside of fMRIPrep, preprocessing also included the removal of the first five TR 

time segments to avoid T1 equilibration effects (except for run two for five of the 

participants (TTNI participant #s: 13, 17, 24, 26, and 28), whose data only had 184 TRs 

and therefore required removing an additional seven TR time segments from the 

beginning of the EPI time file). This anomaly for these five participants may have been 

likely due to researcher error regarding the timing of starting the EPI scan and the 

PsychoPy presentation. 

General Linear Model 

Before running a GLM, independent sample T-tests were run to examine whether 

a statistically significant difference existed amongst attachment anxiety, avoidance, and 

security between groups. Bivariate correlations were also examined for each attachment 

subscale for the entire sample and between each group in order to examine any potential 

relationships between attachment types. GLM with mixed effects (Huettel et al., 2014) 

analyses were conducted in the Functional Magnetic Resonance Imaging of the Brain 

(FMRIB) Software Library (FSL), which includes an fMRI Expert Analysis Tool (FEAT) 

that I used to specify level one, two, and three regressors (predictor variables) in each 

GLM predicting brain activation in various voxels of interest (measured by the BOLD 

response signal). Z (Gaussianised T/F) statistic images were given a threshold using 

clusters determined by Z > 3.1 for level one and Z >2.3 for levels two and three and a 

(corrected) cluster significance threshold of p = 0.05 (Worsley 2001). The false discovery 

rate control was set around 10-20% false positive threshold.  

For the current study, level one analysis of each GLM convolved the design 

matrix with the canonical hemodynamic response function (HRF), as well as a temporal 
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derivative of the HRF function, for each participant’s BOLD response during the 

presentation. Level one analysis also included a high pass filter of 100 Hz as well as five 

regressors of interest as boxcar functions: (1) alcohol images, (2) non-alcohol images, (3) 

loved-one with AUD images/target family member, (4) non-AUD family member 

images, and (5) neutral object images. Rating instructions associated with the 

presentation of images were included in the analysis as a nuisance regressor to control for 

any related brain activation. I then created two, two-tailed level one contrasts regarding 

the regressors of interest and related to the research questions: (1) loved-one with 

AUD/target family member vs. all other image conditions; all other image conditions vs. 

loved-one with AUD/target family member, and 2) loved-one with AUD/target family 

member vs. non-AUD family member; non-AUD family member vs. loved-one with 

AUD/target family member). This level one analysis was conducted separately for both 

run one and run two, for each participant, respectively (a total of 40 level one GLM 

analyses), with a cluster-based correction significance threshold of Z > 3.1 and cluster 

detection correction of .05. The resulting contrasts for each participant, per run, were 

examining image effect which were then used in level two to establish contrast effects for 

each participant overall. See figure 1 for a visual representation of level one.  
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Level two of the GLM model included within-subject variance estimates allowing 

the combination of run one and run two contrasts for each participant. More specifically, 

a level two contrast of person aggregated the level one image effect contrasts and was 

analyzed across each of the run one and run two level one contrasts which examined 

image effect. This resulted in the creation of level two contrasts that included a between 

person effect with each contrast from level one. While this specific method of combining 

runs at level two resulted in the estimation of only one level two analysis, it is equivalent 

to conducting a level two analysis for each participant individually, or 20 level two GLM 

analyses. See figure 2 for a visual representation of level two. 

Run 1 Run 2 

Participant 

Alcohol Family 
Member

Neutral Non-
Family

Non-
Alcohol

Non-
Alcohol

AlcoholFamily 
Member

Neutral Non-
Family

AUD loved-
one/Target family 

image
vs

All other images

All other images 
vs

AUD loved-
one/Target family 

image

AUD loved-
one/Target family 

image
vs

Non-family image

Non-family image
vs

AUD loved-
one/Target family 

image

AUD loved-
one/Target family 

image
vs

All other images

AUD loved-
one/Target family 

image
vs

All other images

AUD loved-
one/Target family 

image
vs

Non-family image

AUD loved-
one/Target family 

image
vs

Non-family image

Figure 1: Level one of the GLM. Each participants run one images and run two 
images were examined and used to create four run 1 contrasts and four run 2 
contrasts.
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Various level three analyses were run to test the various study hypotheses. More 

specifically, to test hypothesis 1a, a level three GLM analysis incorporated between 

subject variance estimates allowing the between subject standardized scores on 

attachment anxiety, avoidance, and security to be included as higher level regressors, or 

covariates. However, due to low sample size and subsequent power concerns, as well as 

to help control for type II error, multiple level three analyses of the GLM were run.  

Previous neuroimaging studies have reported that a sample size of 12 is 

considered to be adequately powered to detect an effect size of d ³ 0.89 at power = 0.8 (a 

= 0.05) . However, according to Turner et al. (2018) and Geuter et al. (2018), such 

sample sizes are considered very small. For example, Geuter et al. (2018) concluded that 

detecting an effect size of 0.5 < D < 0.8 requires a sample size of at least 80. 

Additionally, what is considered ‘adequate power’ within an fMRI study should be 

determined by doing an a priori power analysis because much debate and issues with 

replicability exist within the neuroimaging field (Szucs & Ioannidis, 2020). However, due 

Run 1 & Run 2 

Participant 
Run 1 Contrasts 

AUD loved-
one/Target family 

image
vs

All other images

All other images
vs

AUD loved-
one/Target family 

image

AUD loved-
one/Target family 

image
vs

Non-family image

Non-family image
vs

AUD loved-
one/Target family 

image

Participant 
Run 2 Contrasts 

AUD loved-
one/Target family 

image
vs

All other images

All other images
vs

AUD loved-
one/Target family 

image

AUD loved-
one/Target family 

image
vs

Non-family image

Non-family image
vs

AUD loved-
one/Target family 

image

AUD loved-
one/Target family 

image
vs

All other images

All other images
vs

AUD loved-
one/Target family 

image

All other images
vs

AUD loved-
one/Target family 

image

All other images
vs

AUD loved-
one/Target family 

image

Figure 2: Level two of the GLM. Each participants run one and run two contrasts 
from level one were combined to create four level two contrasts for each 
participant.  
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to the current study’s data being secondary pilot data, an a priori power analysis was not 

completed. 

Regarding GLMs, I first ran separate models with each attachment style as a 

covariate to examine potential effects that might be lost in a model with all subscales as 

covariates due to issues of power (see figure 3.1). 

 

Next, I also ran a GLM with all attachment style subscales as covariates (see 

figure 3.2). These covariates allowed for the calculation of the correlation between each 

attachment subscale and BOLD response at each voxel of interest across all participants, 

respectively. To test hypothesis 1b, level three GLM analyses were also run separately 

that included interactions between group membership and attachment anxiety, avoidance, 

and security, respectively. Separate GLM models were run because such interactions 

further shrink group sizes and thus power. 

Anxious 

Family & Control 
Groups Contrasts

AUD loved-
one/Target family 

image
vs

All other images

All other images
vs

AUD loved-
one/Target family 

image

AUD loved-
one/Target family 

image
vs

Non-family image

Non-family image
Vs

AUD loved-
one/Target family 

image

Avoidant  Secure 

Figure 3.1: Level three of the GLM with separate attachment styles. Each participant’s 
four contrasts from level two were combined with each participants anxious attachment 
score, avoidant attachment score, and secure attachment score individually to create 
four level three contrasts for each attachment style. 
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Additionally, each of these level-three analyses included a two-tailed contrast to 

test hypothesis two (loved-one with AUD/target family member vs. non-AUD family 

member contrast; and non-AUD family member vs. loved-one with AUD/target family 

member contrast). Furthermore, to test hypothesis three, each of these level-three 

analyses also included a random effects group analysis that allowed the inclusion of a 

two-tailed group membership higher level contrast (family group vs. control group; 

control group vs. family group). This higher-level contrast could be used for further 

examination of group differences regarding the level one contrasts that were combined at 

level two. All level three GLM analyses utilized a cluster-based correction significance 

threshold of Z > 2.3 and cluster detection correction of .05.   

For every level three GLM analysis used to test each study hypothesis I then 

examined the results/contrast map from those level three analyses by region of interest 

(ROI). Based upon the findings of previous research examining reward regions 

involvement in attachment, anatomically defined ROI masks were created using the 

HarvardOxford Cortical and Subcortical Atlas (Desikan et al., 2006; Frazier et al., 2005; 

Anxious, Avoidant, 
Secure 

Family & Control 
Groups Contrasts

AUD loved-
one/Target family 

image
vs

All other images

All other images
vs

AUD loved-
one/Target family 

image

AUD loved-
one/Target family 

image
vs

Non-family image

Non-family image
vs

AUD loved-
one/Target family 

image

Figure 3.2: Level three of the GLM for all attachment styles. Each participant’s 
four contrasts from level two were combined with each participants anxious, 
avoidant, and secure attachment scores to create four level three contrasts 
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Goldstein et al., 2007; Makris et al., 2006) and the Talairach Atlas (Talairach & 

Tournoux, 1988) in FSLeyes (McCarthy, 2021). These mask regions included the 

cingulate gyrus, orbitofrontal cortex, frontal pole, nucleus accumbens, amygdala, 

hippocampus, pallidum, ventral striatum, and hypothalamus. The accumbens, amygdala, 

hippocampus, and pallidum were defined as two separate right and left regions as defined 

by the HarvardOxford Subcortical Structural Atlas. The hypothalamus was also defined 

as two separate right and left regions using the Talairach atlas. The orbitofrontal cortex 

and frontal pole were defined as single regions according to the HarvardOxford Cortical 

Structural Atlas. Regarding any significant BOLD response associated with the level 

three group contrast/attachment style covariates found in any of these ROIs, I located the 

peak z-value. This peak z-value was used to narrow in on the specific area of the brain 

ROI that represented the significant activation.  
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CHAPTER 4 

RESULTS 

SAAM Scores 

Due to examination of the association between reward region activation and 

attachment across the entire sample, as stated in research question one, reviewing 

attachment scores between each group is warranted. Participants in the family group 

viewed an image of their AUD loved-one and the control group viewed a target family 

member. Given the stress and trauma resulting from a loved-ones AUD, attachment 

scores between groups were expected to be different. For the family member group 

attachment security scores ranged from 15 to 47 with a mean value of 41.1 (SD = 10.81). 

Attachment anxiety scores ranged from 16 to 47 with a mean of 34.8 (SD = 8.63). 

Atachment avoidance scores ranged from 10 to 29 with a mean of 17.9 (SD = 7.61). For 

the control group attachment security scores ranged from 35 to 49 with a mean value of 

44.6 (SD = 5.64). Attachment anxiety scores ranged from 21 to 38 with a mean of 30.3 

(SD = 4.95). Attachment avoidance scores ranged from 7 to 29 with a mean of 13.0 (SD = 

7.64). Attachment security scores for all 20 participants ranged from 15 to 49 with a 

mean value of 42.85 (SD = 8.60). The skewness statistic for secure attachment was 

slightly outside the normal range with a value of -2.03. Kurtosis was also high for 

attachment security with a value of 4.92. Attachment anxiety scores ranged from 16 to 47 

with a mean value of 32.55 (SD = 7.22). Both the skewness and kurtosis for attachment 

anxiety were within the normal range (skewness = -.24, kurtosis = .75). Attachment 

avoidance scores ranged from 7 to 29 with a mean value of 15.45 (SD = 7.84). Both the 

skewness and kurtosis for attachment avoidance were within the normal range (skewness 
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= .83, kurtosis = -.94). Levene’s test showed equal variances for anxious (F = 1.34, p = 

.26), avoidant (F = .36, p = .56), and secure (F = .55, p = .47) attachment between the 

family group and control group. Independent sample T-tests (with equal variances) did 

not demonstrate any statistically significant differences in attachment anxiety, t(18) = 

1.43, p = .18, avoidance, t(18) = 1.44, p = .17, or security, t(18) = -.91, p = .38, between 

the family and control groups. However, it should be noted that sample sizes – and thus 

power – for such T-tests are very low (Gravetter et al., 2020). Using a pooled standard 

deviation because of equal variances among groups, Cohen’s D or the effect size between 

the means of attachment security for the family group and the control group, was 

calculated to be .41. A subsequent power analysis showed that to find an effect size of 

.41, with a power of .8 and alpha of .05, a one-tailed independent sample t-test would 

require 76 participants per group (IBM SPSS Statistics for Macintosh, 2021). Cohen’s D 

or the effect size between the means of attachment anxiety for the family group and the 

control group, was calculated to be .64. A subsequent power analysis showed that to find 

an effect size of .64, with a power of .8 and alpha of .05, a one-tailed independent sample 

t-test would require 31 participants per group (IBM SPSS Statistics for Macintosh, 2021).

Cohen’s D or the effect size between the means of attachment avoidance for the family 

group and the control group, was calculated to be .32. A subsequent power analysis 

showed that to find an effect size of .32, with a power of .8 and alpha of .05, a one-tailed 

independent sample t-test would require 121 participants per group (IBM SPSS Statistics 

for Macintosh, 2021). Although not statistically significant differences, the family group 

did have a higher mean on attachment anxiety (34.80 > 30.30) and avoidance (17.90 > 

13.00), but a lower mean on attachment security (41.10 < 44.60), as expected, than the 
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control group. Means and standard deviations for the three attachment subscales for 

entire sample as well as the family and control study groups can be found in Table 3. 

Table 3. Means and Standard Deviations of Attachment Subscales 
Combined (n = 20) Family (n = 10) Control (n = 10) 

M SD M SD M SD 
Anxious 32.55 7.24 34.80 8.63 30.30 4.95 
Avoidant 15.45 7.84 17.90 7.61 13.00 7.64 
Secure 42.85 8.58 41.10 10.81 44.60 5.64 

Correlations were also examined regarding the attachment style subscales for both 

the full sample as well as among the study groups. For the full sample, the only 

significant correlation among these subscales was a negative association between 

attachment avoidance and attachment security, r(18) = -.61, p < .01. In the family group, 

there was an unexpected but significant positive correlation between attachment anxiety 

and attachment security, r(8) = .77, p < .01. In the control group, there was a significant 

negative correlation between attachment avoidance and attachment security, r(8) = -.64, p 

< .05. I note again that sample sizes are small and that these correlations should be 

interpreted with caution. A correlation table for these three subscales can be found for the 

entire sample as well as the family and control study groups in Table 4. 
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Table 4. Correlations of Attachment Subscales 
Anxious Avoidant Secure 

Combined (n=20) 
Anxious .042 
Avoidant .04 -.61** 
Secure .42 -.61** 

Family (n=10) 
Anxious .77** 
Avoidant -.41 
Secure .77** -.59 

Control (n=10) 
Anxious 
Avoidant .52 -.64* 
Secure -.32 -.64* 

*p<.05, **p<.001

Generalized Linear Models 

Regarding hypothesis 1a, when each attachment style, for both groups combined, 

was included as a covariate in separate GLMs that included a loved-one with AUD 

(family group)/target family member (control group) vs. all other image conditions 

contrast, no activation was found to be significantly associated with anxious, avoidant, or 

secure attachment styes, respectively. However, when combining all three attachment 

subscales as covariates into one GLM model and examining the loved-one with AUD 

(family group)/target family member (control group) vs. all other image conditions 

contrast, a significant positive association between activation (measured through the 

BOLD response) of regions involved with reward and attachment anxiety (z = 3.28, P = 

.03) was found, as well as a negative association between reward region activation and 

attachment security (z = 3.52, p < .05). More specifically, attachment anxiety showed a 

significant positive association with activation in two different voxels of the insular 

cortex (first coordinates of numbers given are the MNI xyz-coordinates of the voxel): [-

28, 22, -12], and [-28, 16, -8];  three different voxels in the orbital-frontal cortex, [-28, 
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16, 8], [-48, 32, -10], which also extends into the inferior frontal gyrus, and [-46, 20, -10]; 

and two different voxels in the frontal pole, [-34, 30, -12] and [-34, 36, -12] (see Figure 

4.1). Attachment security showed a significant negative association with activation in 

five different voxels of the anterior cingulate gyrus, [-12, -2, 36], [-8, -14, 30], [10, -14, 

36], [6, -12, 34], and [2, -6, 36]; two of which voxels may also extend into the posterior 

cingulate gyrus (see Figure 4.2). The reverse contrast, all other image conditions vs. 

loved-one with AUD (family group)/target family member (control group), did not show 

any significant activation associated with attachment anxiety, avoidance, or security. 

Table 5.1 shows a summary of significant voxels in reward processing ROIs, as well as 

other information such as MNI xyz-coordinates and significant contrast effects on the 

given voxels. 
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Figure 4.1. Threshold activation images of family and control groups and their 
between subject standardized scores on attachment anxiety, avoidance, and security 
while viewing images of their AUD loved-one/target family member image against all 
other image conditions. Significant activation of regions involved with reward 
positively associated with attachment anxiety. Z (Gaussianised T/F) statistic images 
were thresholded using clusters determined by Z > 2.3 and a (corrected) cluster 
significance threshold of P = 0.05. Brain regions include the insular cortex, 
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Figure 4.2. Threshold activation images of family and control groups and their 
between subject standardized scores on attachment anxiety, avoidance, and security 
while viewing images of their AUD loved-one/target family member image against all 
other image conditions. Significant activation of regions involved with reward 
negatively associated with attachment security. Z (Gaussianised T/F) statistic images 
were thresholded using clusters determined by Z > 2.3 and a (corrected) cluster 
significance threshold of P = 0.05. Brain regions include the anterior cingulate gyrus
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Table 5.1 Significant regions of interest for attachment anxiety and security - AUD 
loved-one/target family member image vs. all other images  

MNI Coordinates 
Regions x y z 

Anxiety 
Cortical regions 

Insular Cortex -28 22 -12
-28 16 -8

Orbitofrontal Cortex -28 16 8
-48 32 -10

Inferior Frontal Gyrus -46 20 -10
Frontal Pole -34 30 -12

-34 36 -10
Secure  
Cortical regions 

Anterior Cingulate Gyrus 6 -12 34 

Posterior Cingulate Gyrus 
2 

-12
-8
10

-6
-2
14
-14

36 
36 
30 
36 

Additionally, regarding hypothesis 1b, only one of the GLMs that were separately 

run to examine interaction effects between group membership and each attachment style, 

respectively, showed a significant interaction effect related to BOLD activation. The 

significant interaction found between was an interaction between group membership and 

attachment anxiety. More specifically, a significant interaction was found between 

control group member activation in subcortical regions and attachment anxiety when 

viewing their target family member vs. all other image conditions (z = 3.58, p < .001). No 

activation of any brain regions was found when testing interactions between group 

membership and avoidance, or between group membership and security. Attachment 

anxiety and group membership showed a significant interaction with respect to BOLD 

activation in two different voxels of the right thalamus (first coordinates of numbers 

given are the MNI xyz-coordinates of the voxel): [2, -12, 6], and [8, -4, 4]; two different 
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voxels in the left thalamus, [-6, -2, -4], and [-4, -4, 2]; and one voxel of the right caudate 

[12, 16, 2] (see Figure 4.3).  More specifically, anxiety correlated with activation in these 

regions more strongly for control group members than for family group members. Table 

5.2 shows a summary of significant voxels in reward processing ROIs, as well as other 

information such as MNI xyz-coordinates and significant contrast effects on the given 

voxels.  

Figure 4.3. Threshold activation images of control group > family group interaction 
with anxious attachment while viewing images of their AUD loved-one/target family 
member image against all other image conditions. Z (Gaussianised T/F) statistic 
images were thresholded using clusters determined by Z>2.3 and a (corrected) cluster 
significance threshold of P = 0.05. Brain regions include the right and left thalamus 
and the right caudate. 
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Table 5.2 Significant regions of interest for attachment anxiety - AUD loved-
one/target family member image vs. all other images  

MNI Coordinates 
Regions x y z 

Anxiety 
Subcortical regions 

Thalamus 2 -12 6 
8 -4 4 
-6 -2 -4
-4 -4 2

Caudate 12 16 2

Regarding hypothesis two, the loved-one with AUD (family group)/target family 

member (control group) vs. non-AUD family member/neutral face contrast, and the 

reverse (two-tailed hypothesis) non-AUD family member/neutral face vs. loved-one with 

AUD (family group)/target family member (control group) contrast, did not show any 

significant activation after controlling for levels of attachment anxiety, avoidance, or 

security. 

Regarding hypothesis three, the level three contrast of family group vs. control 

group and the reverse (two-tailed hypothesis), control group vs. family group, did not 

show any significant effect regarding ROI activation associated with level one contrasts, 

after controlling for levels of attachment anxiety, avoidance, or security.  
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CHAPTER 5 

DISCUSSION 

The goal of this study is to inform AUD professionals (i.e. therapists, counselors, 

researchers, etc.) specifically CMFT’s of the associations between adult attachment and 

brain activation of persons viewing a prominent loved one in their family system, 

including parents and spouses of an AUD recovering loved-one. Such knowledge of these 

associations between attachment style scores and brain region activation can demonstrate 

the strong link between relationship dynamics, behavior, and neurological processes and 

the importance of those dynamics and behaviors being treated at a systemic level. 

Additionally, given that we can only treat something as well as we understand and define 

it, understanding these associations will help academics, clinicians, and other service 

providers better define, and therefore treat, family members who have been impacted by 

AUD. Lack of such knowledge negatively impacts family members ability to receive 

evidenced based care and reimbursement from insurance companies. The knowledge 

provided by this study gives a stronger clinical understanding and use of relational 

interventions that can be utilized therapeutically to provide best informed practices within 

the therapy room for family members seeking and engaging in their own recovery.  

This includes family members experiencing the phenomenon of “codependency” 

(Wegscheider-Cruse, 1990) or “co-addiction” (Shumway et al., 2019). For example, 

previous research has shown altered PFC functioning among family members who have 

been impacted by addiction and highlighted that these alterations may be associated with 

the well-known concept of “codependency” (Shumway et al., 2019; Zielinski et al., 

2019). The current study shows that natural bonds, such as attachment bonds, might also 
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inform our understanding of the impact of AUD on family members, particularly the 

impact on neurological functioning. According to the results of this study and from an 

attachment perspective, it may not necessarily be a loved one’s AUD that is causing 

altered brain functioning but instead AUD is impacting family members level of 

insecurity which in turn is impacting neurological functioning and thus family member 

behaviors. Defining the impacts on family members’ neurological functioning as being 

associated with natural attachment bonds in addition to “codependency” or “co-

impairment” has important implications for treatment-related interventions that might be 

utilized by clinicians. 

Although studies have examined associations and overlap that exists between 

attachment theory, AUD, and the brain (Chambers & Wallingford, 2017; Strathearn et al., 

2019) as well as the application of attachment theory to AUD treatment (Fletcher et al., 

2015), a gap exists in the examination of adult attachment scores and associated brain 

functioning of family members of loved-ones seeking recovery from AUD. Stress and 

trauma are often experienced by family members in a relationship with an AUD loved-

one (Chaplin & Sinha, 2013), which stress can impact attachment, perceived survival 

needs, and behavioral responses in these important relationships. Therefore, 

understanding levels of attachment and associated brain functioning of family members 

and a control group can provide insight into the emotional and behavioral responses of 

family members with an AUD loved-one. 

Hypothesis 1a 

Some support was found for the expectation that activation of reward regions in 

response to images of an AUD loved-one/target family member would associate 
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positively with attachment anxiety and negatively with attachment avoidance and 

security, regardless of group membership. More specifically, it was expected that higher 

levels of attachment anxiety and lower levels of attachment security and avoidance would 

be associated with regional activation in the mesolimbic pathway including the nucleus 

accumbens (NA), ventral tegmental area (VTA), amygdala, hippocampus, and prefrontal 

cortex (PFC). Results from the GLM indicated that activation of regions involved with 

reward was positively associated with anxious attachment scores, and negatively 

associated with secure attachment scores, regardless of group membership. For all study 

participants, activation of reward regions in response to images of an AUD loved-

one/target family member was greater for those with higher levels of anxious attachment 

and lesser for those with higher levels of secure attachment. 

The original hypothesis was based on the idea that reward activiation for those 

with heightened anxious attachment would serve as a soothing effect on existing anxiety 

in the relationship with an important loved-one, regardless of whether or not they have 

AUD. Activation of reward regions in the brain has been shown in the literature to be 

associated with stress reduction (Dutcher & Creswell, 2018). The pleasure system in the 

brain is believed to consist of various “hot spots” and “cold spots” (Berridge & 

Kringelbach, 2015). Activation of hotspots is associated with pleasure and “liking” while 

activation in cold spots suppress the pleasure/liking response and is associated with 

“disgust” (Berridge & Kringelbach, 2015). While the most well-known hotspots and 

coldspots of the reward system are in the NA and VTA, the orbitofrontal cortex (OFC) 

and its extension into the frontal pole is also believed to be a potential hotspot (Berridge 

& Kringelbach, 2015). Activation of the OFC is regulated by dopamine and has been 
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linked to emotion related learning and behavioral control (Kringelbach & Rolls, 2004; 

Watanabe et al., 2007). The results of this study found activation in three different voxels 

in the OFC and two voxels of the frontal pole to significantly correlate with attachment 

anxiety. From this perspective, it is possible to suggest that these findings indicate that 

the image of a loved-one, regardless of whether or not they have AUD, may have more of 

a rewarding effect for those with greater anxious attachment styles. While it was expected 

that family members of a recovering AUD loved-one would have an insecure attachment 

and thus respond similarly to viewing images of their recovering AUD loved-one as their 

recovering AUD loved-one would to images of alcohol, that is not what was found. By 

including both family members and control group members in the same group for 

analysis, the results point out how it may not be a loved-one’s AUD that is causing 

altered brain functioning in family members. Instead, when looking at it through an 

attachment theory perspective in combination with the group as a whole, a loved-one’s 

AUD is likely impacting family members level of insecurity. This is further supported by 

differences found in insecure attachment scores between the family member and control 

groups. Control group members demonstrate an ‘average’ level of attachment anxiety 

towards their target family member however, family members demonstrate an increased 

level of attachment anxiety towards their recoverying AUD loved-one.  

This interpretation of results is also supported by the significant association found 

between attachment anxiety scores and activation of two voxels in the insular cortex. The 

insular cortex is also a part of the reward system of the brain (Gogolla, 2017). Research 

has shown that activiation of the anterior insular cortex is associated with anticipation of 

reward (Lovero et al., 2009; Tsurumi et al., 2014), while activation of the posterior 
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insular cortex is associated with the processing of reward (Lovero et al., 2009). The IC 

acts as a hub within the brain because of its vast connections with cortical and subcortical 

regions involved in sensory, emotional, motivational, and cognitive functions (Gogolla, 

2017b). The IC also mediates the retention of memories involved in learning which 

depends on the strength of the cue or event learned and the amount of dopamine released. 

The IC also receives strong input from dopaminergic nerve fibers or vessels which are 

reciprocally connected to the OFC (Fuster, 2015).   

The increased activation of insular cortex regions further supports the idea that 

this regional activation is one of reward and liking, which may be soothing to otherwise 

anxious attachment and feelings of anxiety. Again, these effects occurred for both family 

members with an AUD loved-one as well as control group participants who were exposed 

to images of a target family member. It should also be noted that the IC and OFC are 

involved in processing emotional information (Zhang et al., 2019; Zald, 2007), and even 

more specifically in analyzing emotional stimuli (Gazzaniga et al., 2014). The IC 

processes negative and positive emotions elicited through different stimuli and has been 

found to be reactive to personal emotional pictures (Kraus et al., 2019). 

The negative association between higher scores on attachment security and 

activation of five different voxels in the anterior cingulate cortex (ACC) in response to 

images of an AUD loved-one/target family member also support the study hypothesis. 

The ACC is also associated with reward anticipation and also with reward decision 

making (Bush et al., 2002). The ACC is also involved in predicting both reward and risk 

to support effective choices and responses (Alexander & Brown, 2010; Chudasama et al., 

2013) and is believed to be the link between motivation and specific behavior or action 
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(Hayden & Platt, 2010). More specifically, the ACC is believed to receive information 

from the OFC, to facilitate outcome-action learning that is associated with reward (Rolls, 

2019). Furthermore, the ACC is associated with the processing of reward and learning 

associated with prosocial behaviors (Lockwood et al., 2020), and specifically is involved 

in the cost-benefit analysis of rewards that might be received by others in social 

interactions (Apps & Ramnani, 2014). 

The negative association between ACC activation and secure attachment may 

reflect that the image of an important loved-one, whether AUD or target family member, 

is not necessarily a rewarding experience (it does not have a function of counteracting 

stress or reducing anxiety). The more secure attachment reported by participants in the 

study, the less the ACC region associated with reward anticipation, decision making, and 

risk taking activiated. While more research is needed to substantiate and interpret this 

finding, perhaps secure levels of attachment generate a level of predictability in 

relationships that reduce the need for processing associated reward-related outcomes. 

Securely attached adults are generally characterized as being comfortable with 

dependency on and closeness to others and possessing an ability to respond to stressful 

situations appropriately (Baldwin & Fehr, 1995). This may be reflected in participants 

with greater attachment security scores having decreased ACC activation. 

The felt sense of security and self-identity secure family members feel likely 

allows for responses to attachment figures to become more automatic (as suggested by 

Beckes & Coan, 2015), not requiring intense thought or processing involved in the ACC. 

Interestingly, Kraus et al. (2019) discovered a negative association between attachment 

security and IC and ACC connectivity when participants viewed an ex-partner. 
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Additionally, Laurita et al. (2019) found that lower ACC activation was associated with 

greater attachment between a parent and child. However, this study did not examine each 

specific attachment style. 

Regarding the results associated with hypothesis 1a, it is important however to 

note that other attachment research in normative populations has conversely found 

activation of the OFC to be negatively associated with attachment anxiety scores (Coan, 

2010; Gillath et al., 2005). That is, the more anxiously attached an individual is, the less 

their OFC activates, specifically in response to negative emotions (Gillath et al., 2005). 

According to Gillath et al. (2005), anxious people react more strongly to thoughts of loss 

because there is under-recruiting of brain regions normally used to down regulate 

negative emotions (i.e. OFC). That is, anxious individuals are not utilizing brain regions 

used to help calm and sooth negative emotions as strongly as a non-anxious person 

would. Similarly, another study found that anxiously attached individuals showed lower 

OFC activation and suggested that individuals suffering from attachment anxiety have 

difficulty engaging neural systems that help them regulate negative thoughts (Coan, 

2010). 

While these results from previous literature regarding OFC activation and anxious 

attachment are in direct contrast to the positive association found between attachment 

anxiety and OFC activation in this study, it is important to note that MNI coordinates of 

voxel activation in studies such as Gillath et al. (2005) and those of this study are not 

exact matches, and brain structures such as the OFC are complex and associated with a 

myriad of functions. An additional consideration worth noting regarding the results 

associated with hypothesis 1a is that significant activation was only found when scores 
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on all three attachment styles (anxious, avoidant, and secure) were included in the same 

GLM. When separate GLMs with each attachment style were conducted, no significant 

activation was found. This suggests an unexpected and potential suppression effect that 

merits further research.  

Hypothesis 1b 

The hypothesis that there would not be any significant interactions between group 

membership and attachment anxiety, avoidance, or security, was not fully supported. 

Interestingly, group membership (family member vs. control group) showed a significant 

moderating effect on the relationship between attachment anxiety scores and reward 

region activation in response to images of an important family member (AUD loved-one 

or target family member). More specifically, control group participants showed a greater 

association between attachment anxiety scores and activation in the thalamus in response 

to images of a target family member than that same association for family member group 

participants when viewing images of their AUD loved-one. This significant interaction 

indicates a difference in brain response and functioning for participants in the control 

group vs. participants in the family member group. No significant interactions were found 

between group membership and avoidance or secure attachment. 

The stronger association between anxious attachment scores and response 

activation for the control group was specifically regarding activation in the the right and 

left thalamus as well as the right caudate. The thalamus acts as a sensory hub between 

subcortical and cortical brain regions and contributes to sleep and wake awareness, motor 

control, and cognition (Yoshii, 2021). However, perhaps more relevant to this study is 

that information relayed from the thalamus may trigger either a reward response or a 
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stress response. The activation of the thalamus in response to images of an important 

loved-one that is associated with attachment anxiety was increased for control group 

members and might reflect a greater relay of information that could trigger a reward 

response. Alternatively, these results could also indicate that the thalamus of control 

group members with higher anxious attachment is also better at relaying information that 

initiates the fight or flight response to stress (Fink, 2016; Van der Kolk, 2015). Given the 

results associated with hypothesis 1a and reward system activation, this significant effect 

was unexpected and viewing these findings as potentially related to the stress response 

may prove useful. 

Regarding this stress response, Van der Kolk’s (2015) metaphors of the smoke 

detector and watch tower are useful respresentations.  The thalamus relays information to 

the amygdala, or “smoke detector” fear center of the brain, which will work with the 

memory-storing hippocampus to value the extent of the threat or stressful event. If valued 

as a threat, the amygdala will then send information to the hypothalamus, which further 

initiates the fight or flight response through activating the adrenal glands in the body and 

the hypothalamic-pituitary-adrenal (HPA) axis in the brain  (Fink, 2016; Van der Kolk, 

2015). Simultaneously, the thalamus also relays sensory information to the OFC, or 

“watch tower” of the brain, which will communicate information regarding the threat 

back to the amygdala to provide top down influence regarding the valuation of the threat 

(Van der Kolk, 2015). That is, a watch tower which is above the smoke detector may 

have information that the smoke detector, which resides inside the smoke, may not have. 

For someone with anxious attachment, the sensory information regarding an 

important loved-one may be relayed from the thalamus to start a stress response that 
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corresponds with an anxious attachment style. For those with an anxious attachment, this 

relay of information and potentially resulting stress response would be an expected, 

appropriate neurobiological response. The results of this study may suggest those with 

anxious attachment in the control group may be experiencing thalamic activation 

associated with an expected stress response, while thalamic activation associated with an 

expected stress response for family members is somewhat blunted. This interpretation of 

the unexpected finding is somewhat speculative and merits further research. 

Alternatively, the increased activation of the thalamus for control group members 

may be associated with a relay of information that triggers a greater reward response than 

that of a family member with AUD. However, if this were the case, we would have 

expected to find different results regarding hypothesis 1a.  For this reason, the 

explanation regarding the stress response is intriguing; however, no specific hypotheses 

were made regarding potential associations between attachment anxiety and stress 

regions within the brain. Given that brain regions associated with stress and disgust 

highly overlap with brain regions associated with pleasure and liking (Berridge & 

Kringelbach, 2015), interpretation of these findings is challenging and requires future 

research.  

Hypothesis Two 

Regarding hypothesis two, that there would be no significant difference in 

activation of reward regions in response to images of an AUD loved-one/target family 

member versus a non-AUD/neutral face image after controlling for attachment scores (a 

null finding), no difference was found between activation responses to AUD loved-

one/target family member images and non-AUD/neutral images. Such findings may 
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provide evidence that attachment likely influences brain responses regardless of who a 

family member is viewing. This supports suggestions of an IWM of attachment as a more 

universal pattern of how someone navigates and engages in close and meaningful 

relationships, rather than being relevant to a specific relationship (Gillath, Karantzas, & 

Fraley, 2016). From this perspective, it may not be that a family member has a specific 

codependency or co-addiction to a certain individual, but rather an attachment style that 

scaffolds how they interact in many relationships. Nevertheless, it is important to note 

that the majority of family group participants did not have, and thus could not provide, a 

non-AUD family member image, but instead viewed a neutral face image that was not 

representative of a familial relationship. While it was not required for participants to 

provide images of a non-AUD loved one it was included in the research design in hopes 

of providing more distinct differences in brain activation when viewing an AUD loved 

one versus a non-AUD loved one. For those who could not provide a non-AUD image, a 

neutral faced image was shown instead to still represent the difference in brain activation 

between family members towards their AUD loved one and family members towards 

someone without an AUD. Given family members did not have a relationship in general 

with the individuals shown in the neutral images, attachment towards those individuals 

may be impacted.  

Alternatively, attachment researchers have suggested that individuals can hold 

multiple IWMs due to the various interactions, people, and relationships they experience 

across social contexts. This malleability invites more controversy around attachment 

styles being universal, rather than relationship or person specific. However, Gillath et al. 

(2016) state that “it is plausible for an individual to hold differentiated mental 
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representations of self and other across specific relationships (e.g. secure with one’s 

mother and insecure with one’s father.)” (p. 81). It has been suggested that if attachment 

styles do fluctuate between relationships given one’s IWM, this might be governed by 

their attachment style (Cook, 2000). On the other hand, research has indicated that many 

individuals experience within-person fluctuations in attachment style toward specific 

attachment figures. For example, Haak et al. (2017) found that individuals experience 

significant within-person variation in their daily-levels of felt security toward specific 

partners across one week. Similar results regarding relationship-specific attachment 

security toward romantic partners everyday over 30 days and weekly over one year have 

also been found (Fraley et al., 2011). This may be especially true during difficult 

interactions, events, or life transitions like the development, progression, and recovery of 

a loved one’s AUD.  

The current study did not examine differences in attachment style with respect to 

the various relationships each participant has with family members (spouse vs. parent), 

but rather measured general levels of state adult attachment. However, the current study’s 

findings do demonstrate that levels of attachment styles may influence brain responses 

fairly similarly for participants in both groups for both AUD loved-one/target family 

member and non-AUD.  

Hypothesis Three 

Results of this study supported hypothesis three, that there would be no 

significant difference between family and control groups regarding activation of reward 

regions in response to AUD loved-one/target family member images after controlling for 

attachment anxiety, avoidance and security. That is, no significant difference in activation 
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of reward regions was found between family and control groups in response to AUD 

loved-one/target family images, with respect to level-one contrasts. Such results 

somewhat oppose previous preliminary neuroimaging research showing clear differences 

in the brain functioning of family members of a loved-one with AUD and a normative 

control group. When compared to a normative population, previous research examining 

activation of family members brains in response to viewing their AUD loved-one has 

found increases in dorsolateral and dorsomedial prefrontal cortex activation (Shumway et 

al., 2018). Research has also found PFC activation in response to a loved-one with a 

substance use disorder to correlate with family functioning (Agner et al., 2020); a result 

that was not replicated in a normative control sample. 

Previous research regarding family members has also found that dorsomedial 

prefrontal cortex (dmPFC) activation in response to images of a AUD loved-one 

significantly associates with codependency levels (Zielinski et al., 2019); another finding 

that was not replicated in a control group. The present study suggest that attachment 

styles, regardless of group membership, may be related to brain function and processes 

that are associated with behaviors in response to important relationships. According to 

Zimmerman (2018), insecure attachment characteristics create a very specific 

vulnerability to, and motivation toward enabling behaviors. For example, increased levels 

of attachment anxiety result in individuals being more reactive to day-to-day changes in 

their partners’ behavior (Campbell et al., 2005).  

Clinical Implications 

Family members need their own professional support towards their recovery 

(Andersson et al., 2018); however, they receive far less help or support compared to 
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individuals with a substance use disorder (Copello et al., 2009; Copello & Orford, 2002; 

Velleman & Templeton, 2003). According to Copello et al. (2013) more than 100 million 

family members are affected by their loved-ones AUD creating issues in areas such as 

health problems, family conflict, domestic violence, child maltreatment, and financial 

precarity (Ray, 2009). Addtionally, family members not only need support for what they 

experienced going through their loved-ones AUD prior to treatment but also the 

repercussions of what can happen after treatment like death of their AUD loved-one. 

According to Dyregrov et al. (2022), it is estimated that 2–2.5 million people are 

bereaved by a drug-related death every year and due to the social stigma surrounding 

drug-related deaths often do not receive the support they need. 

 Given that family is the primary source of attachment for individuals (Lander, 

Howsare, & Bryne, 2013) and therapy has been linked to changes in adult attachment 

style (Holmes & Johnson, 2009; Taylor et al., 2015), understanding the clinical relevance 

of the results of this study is important for treating AUD as a family disease. The findings 

of this study support that attachment is relevant to understanding brain responses to cues 

of a loved-one with AUD. This information can be utilized in efforts to fill the need for 

development of appropriate interventions and supports for family members to learn skills 

that improve their and their loved-one’s recovery (Weisner et al., 2010).   

Insecure attachment increases the risk for psychopathology and many therapies 

suggest that altering attachment representations is an important mechanism of change 

(e.g., (Diamond & Fagundes, 2010)). The results of the current study suggest that a 

family member's attachment style is influential in how they will respond to cues or 

triggers involving their AUD loved-one. For example, how family members respond to 
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stressors involving their AUD loved-one like family conflict, relationship strain, decision 

making, and difficult conversations all which are issues that bring families to therapy. 

Furthermore, the attachment styles of family members influence familial interactions and 

characterize how individuals within the family manage stressful situations. While family 

members attachment style may initially be secure, something severe or traumatic like a 

loved-ones AUD may develop and family members may shift their attention and 

attachment style towards a more insecure one as their AUD loved-one becomes their 

primary focus. As a result, damage to other relationships like those with spouses or other 

children suffer. Thus, family therapists need to be attentive towards such shift and 

changes within the family system and its impacts on the treatment they provide. Given 

that shifts to one’s IWM of attachment may also affect how one engages in different 

relationships (Gillath et al., 2016), clinical services that promote healthy shifts in 

attachment can lead to therapeutic interactions with family members that are positive and 

recovery-oriented. Healthy shifts in attachment would also likely have positive impacts 

on the neurophysiology that underlies attachment, which could ultimately lead to changes 

in the brain that allow family members to better manage stressors during the recovery 

process. 

With clinical support, professional services, and practice, family members and a 

loved-one with AUD can also become more self-reflective in identifying, interpreting, 

and regulating internal attachment responses and needs. These efforts would also likely 

result in more positive attachment experiences during recovery. Additionally, the results 

of this study may inform focus needs for family members during the recovery process. 

Inpatient treatment often focuses more on individual treatment and wellness, with a 
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greater priority on family relationships only emerging in later recovery stages (Brown & 

Lewis, 1995). According to Kimball et al. (2021) it is not until later recovery when 

“therapists can now tackle important relationship aspects including parenting, creating 

and strengthening family bonds, and resolving family conflict (e.g., infidelity, trauma, 

etc.)” (p. 342). However, the current study demonstrates that relationship-oriented 

processes, such as attachment, have relevance to family member experiences and 

behavior even in early recovery stages. As has been suggested in prior research, how 

family members might be involved in early recovery stages is just as important as if they 

are involved (Bradshaw et al., 2016). 

From a clinical/practical perspective, this suggests focus and discussion on 

attachment with respect to assessment, education, and intervention that aims to promote 

abstinence and recovery. By evaluating attachment styles of family members, clinicians 

will learn more about their personal resources and abilities for coping with this difficult 

period in family life. Additionally, clinicians can better assess any attachment shifts 

between family members as well as any changes in the attachment hierarchy that are 

influencing the perpetution of an issue or relationship strain. Such understanding allows 

clinicians to utilize attachment theory to address family member interactions with the 

loved-one with AUD, including enabling behaviors along with other unhealthy family 

dynamics. This understanding may also aid the cognitive shift often needed in order for 

family members to ‘detach with love’ from their AUD loved-one and engage in their own 

recovery. For example, treatment and recovery of the AUD family system needs to focus 

on helping family members and their AUD loved-one develop more adaptive patterns of 

interaction to help cope with attachment injuries and heal attachment bonds. This can be 
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done by modeling sufficiently rewarding attachment bonds through the use of the 

therapeutic relationship (Ruisard, 2016). 

If accurate, the previous interpretation that perhaps reduced thalamus activation of 

anxiously attached family members is connected to a blunted stress/fight or flight 

response, would also have potential clinical implications. In a review of the findings of 

previous neuroimaging research on family members, which hypothesized a addiction-like 

pleasure response to cues of a loved-one, the authors suggested that family members may 

have ‘faulty brakes’ (i.e., inhibition) rather than an excessive approach response 

(Shumway et al., 2018). If the reduced thalamic activation of anxiously attached family 

members when exposed to cues of their loved-one is connected to a blunted fight or flight 

response, this may similarly reflect “faulty brakes” in the form of not standing up against 

or getting away from a stressful or threatening situation. Instead, rather than fight or flee 

a situation, family members may engage in behaviors that they perceive to calm the 

situation and reduce the threat. Again, while somewhat speculative, this information 

might be informative to both the education of and intervention with family members. 

This perspective also brings back into view Gillath’s (2005) interpretation of 

research findings that anxious individuals are under-recruiting brain regions important to 

regulating negative emotions like the OFC. The current study’s findings of increased 

rather than decreased OFC activation associated with their anxious attachment may be 

reflective of a down-regulation of thalamus activity related to a negative event or threat. 

This could result in a reduced stress response (fight or flight) and “staying” and 

“enabling” behaviors. However, the heightened OFC activation associated with anxious 

attachment in this study was for both those in the family group and the control group, and 
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further research would be needed to substantiate this. Research suggested that individuals 

use their OFC when trying to resolve conflicting feelings and control their despair when 

presented with attachment rejecting stimuli (Diamond & Fagundes, 2010). 

While this view runs counter to the hypothesized rewarding effect of experiencing 

cues of an AUD loved-one, it deserves further study. Such a possibility may also suggest 

that anxiously attached family members are perceiving their attachment to their AUD 

loved-one or target family member as secure. Instead of experiencing “fight or flight”, 

family members may experience themselves as problem solving and responding to the 

situation without reacting as others might. This may be a “perceived security” regarding 

their attachment with their AUD loved-one, and help explain the unexpected and strong 

correlation found between self-reported levels of attachment anxiety and security. Family 

members may not consciously associate their attachment to their AUD loved-one as a 

negative or anxiety-based relationship. Anxiously attached persons appear to 

automatically dedicate more processing resources to the perception and evaluation of 

positive approach related signals (Donges et al., 2012).  

Strengths and Limitations 

Key strengths of the current study are its focus on family members neurological 

activation while viewing an AUD loved-one’s image, the inclusion of a control group, 

and the associations with adult attachment. To the authors knowledge, this is the first 

study examining the neurological associations between family member reports of adult 

attachment styles while viewing images of an AUD loved-one in early recovery. 

However, there were some limitations. 
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First, there was not much diversity within the study sample. Though various 

means of recruitment were utilized, the specific qualifying criteria narrowed the diversity 

of participants because participants had to have a loved one who had completed inpatient 

treatment and been in recovery for at least 30 days and was currently sober. Given that 

the majority of individuals that receive inpatient treatment are Caucasian (Substance 

Abuse and Mental Health Services Administration, 2018), it was more difficult to 

diversify the study sample thus making generalizability of the results problematic and not 

inclusive of potential key cultural factors (i.e. family member role, family support, access 

to resources) that may have influenced study results. Future replication of the current 

study and future studies regarding attachment and family member brain responses to an 

AUD loved-one would benefit from more diversified, cross-cultural data that takes into 

consideration various contextual factors.   

Second, there was not a strong match in age range between participant groups nor 

was their a match regarding their relationship to their loved-one (AUD loved-one/target 

family member). The control group consisted of participants whose ages spanned 

between young adulthood and adulthood. The family group consisted of participants who 

ages spanned between older adulthood and into seniority. Such age difference is a 

limitation because age impacts brain structure and functioning (Spreng & Turner, 2019). 

Therefore, future research would benefit from including age as a covariate. Age was 

outside the context of this study due to the study examining adult state attachment 

regardless of younger or older adulthood. Additionally, there was a lack of power within 

each age group to include it as a covariate. Relationship differences are a limitation 

because primary caregivers tend to shift in adulthood depending on relational status 
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(Bowlby, 1973) and relationship dynamics with a family member versus a romantic 

partner are different. Such gaps may contribute to differing views of self and others as 

well as introduce varying types of stigmatizations such as public, self, and courtesy 

stigma (McCann & Lubman, 2018). Public stigma reflects negative attitudes of the 

general public towards people who have an AUD (Corrigan et al., 2011), self-stigma is 

the internalization of public stigma and subsequent decreased self-efficacy and esteem 

(Corrigan & Watson, 2002), and courtesy stigma includes discrimination against those 

linked to a stigmatized person (Goffman, 1968). Since there was not a strong match in 

age and relationship type within the study sample and, varying beliefs and family of 

origin values likely influenced attachment and relationship views and thus stigma. Future 

research should examine individuals within the same age range and have the same 

relationship status.  

Third, because this study did not know participant’s attachment style prior to their 

participation, a cause and effect of attachment cannot be inferred. Additionally, 

attachment style potentially could have been a preexisting issue that influenced the 

development and expression of AUD (Alvarez-Monjara et al., 2019). The current study 

utilized the State Adult Attachment Measure (SAAM) which measures individuals’ 

current attachment styles. Other historical factors within the family that were not known 

or measured within the current study may also be influencing brain responses to images. 

For instance, data regarding any history of physical, sexual, or emotional abuse 

experienced by the participant in relation to their AUD loved-one/target family member 

was not collected. Such historical factors of abuse have been examined in neuroscience 
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research and have been shown to impact neurological functioning (Neukel et al., 2019; 

Blanco et al., 2015; Cassiers et al., 2018).  

Fourth, the inclusion of neutral faces may also be considered a potential limitation 

as such images were not family members but came from a standardized set of images. 

Participants not having any emotional or relational ties to the neutral face images would 

also likely impact the strength of associated brain activation (Petrowski et al., 2019). 

Additionally, research has shown that personally familiar faces are processed more 

robustly than unfamiliar faces (di Oleggio Castello et al., 2017). In relation to 

preprocessing and analyzing the data, 5-7 seconds of the habituation period had to be 

trimmed off of the time series due to potential researcher error in manually beginning the 

presentation prior to BOLD data collection. Also, image rating instructions (i.e., rating 

the images as more or less positive, more or less negative, or just observing the images) 

were not included as a covariate, which introduces a potential limitation and some 

associated mental activation potentially going unaccounted for. Future research could 

include image rating instructions as a task-related covariate. 

Additionally, because whole brain data was collected, examining stress system 

regions of interest in conjunction with the reward system regions of interest would 

strengthen the findings of this study given that both those systems play a role in the 

development and maintenance of attachment relationships. Another limitation of this 

study is that brain structures and function are complex and difficult to indentify without 

strong experimental designs. For example, activity in the OFC could be associated with 

pleasure or digust, a “hotspot” or a “coldspot” (Berridge & Kringelbach, 2015). The OFC 

therefore encodes reward value and pleasantness as well as punishment value, 
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unpleasantness, and non-reward of emotional stimuli (Donges et al., 2012). A more clear 

experimental design and task to disect these complexities would be useful in future 

research.  Lastly, the inclusion of both the family and control group members in one 

group limits the generalizabitly of the results to only the family group. While thee 

inclusion of both groups as one was necessary due to low sample size of each group and 

thus power, data collection from a more robust group of family members and a control 

group is needed.   

Given the data collected in this study was pilot data and utlizied secondarily, there 

are a few future research recommendations that are important to note. First, future 

research needs to have focused family group for example the family group including only 

spouses or only parents given that primary attachments shift from parents to close friends, 

romantic parterns, or spouses once married. However, adults who are not in a romantic 

relationship or married are likely to use their parents or close friends for attachment-

related functions (Doherty & Feeney, 2004; Schachner et al., 2008). Inclusion of both 

spouses and parents in the current study thus may be a limitation and future research 

needs to examine them separately. Secondly, not using a neutral face as a substitute for 

family members and instead recruiting participants that do have a non-AUD loved-one 

who images can be used and contrasted again their AUD loved-one. Lastly, utilizing an 

attachment measure that includes the fourth attachment style, disorganized attachment. 

Future research including disorganized attachment may also help to better explain the 

increased scores seen between both family members anxious attachment scores and 

secure attachment scores.  
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Conclusion 

In conclusion, the results of this study found adult attachment to associate with 

the BOLD response of functional brain activation of parents and spouses of an AUD/non-

AUD loved-one as they viewed images of their important loved-one. While it has been 

thought that a loved one’s AUD may directly impact family members neurological 

functioning in ways similar to that of the AUD loved one, the current findings suggest 

that it may not necessarily be a loved one’s AUD or a target family member that is 

causing altered brain functioning but instead AUD or target loved one is impacting 

family members level of insecurity which in turn is impacting neurological functioning 

and thus family member behaviors. 

Such findings help to fill the gap in literature regarding family member 

neurological responses towards their AUD loved one and the impacts AUD potentially 

has on family member attachment. The current study expands professionals 

understanding of the importance of family members’ attachment style in their own 

recovery as well as in relation to their loved-one recovering from AUD. Additionally, the 

current study provides further support for the importance of having systemically trained 

clincians as a part of family members recovery team in order to address the insecure 

attachments AUD can create within an individual, couple, and family system.  
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Appendix A 
Demographics and Descriptive Information for Family and Control Groups 

Table 1. Descriptive Statistics, family (n=10) and control (n=10) groups 
Family Group Control Group 

Variables M (SD) Min - Max M (SD) Min - Max 
Age 47 - 64 
Height (inches) 65.90 60 - 75 67.80 62 - 74 
Handedness 
Age of AUD loved one/ 
Target Family Member 

42.44 23 - 59 26.20 18 - 31 

Variables Frequency (%) Frequency (%) 
Role of AUD loved one/ 
Target Family Member 

Son 4 (40) 
Daughter 1 (10) 
Wife 3 (30) 5 (50) 
Husband 3 (30) 4 (40) 

Income 
$10,000-$40,000 8 (80) 
$40,000-$80,000 1 (10) 2 (20) 
$80,000-$150,000 3 (30) 
$150,000-$250,000 6 (60) 

Sex 
Male 3 (30) 6 (60) 
Female 7 (70) 4 (40) 

Religious Affiliation 
None, but I believe in a 
Supreme Entity 

2 (20) 

Atheist 1 (10) 
Other 7 (70) 10 (100) 

Sexual Orientation 
Heterosexual 8 (80) 10 (100) 
Gay/Lesbian 1 (10) 
Other 1 (10) 

Race/Ethnicity 
Caucasian 9 (90) 9 (90) 
Black/African American 1 (10) 
Hispanic  1 (10) 
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Appendix B 
Other Demographics and Descriptive Treatment and Recovery Information for the 

Family Group 

Table 2. Additional Treatment and Recovery Demographics for Family Group (n=9) 
Variables M (SD) Min - Max 

Most recently entered treatment 
How long considers loved one in 
recovery (days) 

49.0 7 - 90 

Variables Frequency (%) 
Completed treatment 

Yes 8 (80) 
No 1 (10) 

Whether family considers them in 
recovery 

Yes 8 (80) 
No 1 (10) 

Relapsed since recovery 
Yes 1 (10) 
No 8 (80) 

Family utilizes 12-steps 
Yes 1 (10) 
No 8 (80) 
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Appendix C  
TTNI Safety Screener Sheet 
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Appendix D 
Telephone Screening Assessment for Family Group 

Telephone Screener Script 
Family Study-

Experimental Group 

CONTINUE IF STOP IF 
1) What is your current age? Age = 34-65 Age outside 34-65 

2) Have you ever been diagnosed with a
psychotic disorder?
(e.g., hallucinations, delusions, not related
to substances)

No diagnosis of 
psychotic 
disorder 

Yes, previous or 
current diagnosis 
or psychotic 
disorder 

3) Do you have any vision impairments? No vision 
impairmen
ts 

Uncorrectable 
vision 
impairments 

4) Do you have a biological son or daughter
who has attended or completed inpatient or
intensive outpatient treatment for an alcohol
use disorder in the last 24 months, and who
is between the ages of 18 – 50?

If they do have a 
loved one who has 
received treatment 
in last 24 months; 
age 18 – 50 

If their loved one 
has not received 
treatment in the last 
24 months; is not 
age 18 – 50 

5) To the best of your knowledge, has your
son/daughter been sober from alcohol and
all other illicit drugs for the past 30 days?

If, to the best of 
their knowledge, 
they have been 
sober for the last 
30 days 

If, to the best of 
their knowledge, 
they have not been 
sober for the last 
30 days 

6) Would your son/daughter also be willing to
participant in this study with you (share with
participants that participation can occur at
different times, but both must participate).

If YES, their loved- 
one with AUD 
would be willing to 
participate. 

If NO, their loved- 
one with AUD 
would not be 
willing to 
participate. 

7) Have you ever received treatment for or
been diagnosed with your own substance
use disorder?

If they have not 
received or been 
diagnosed with a 
substance disorder 

If they have 
ever been 
diagnosed with 
a substance 
disorder 
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Schedule participant for study. Request 
participant send an electronic picture of their 
loved-one with AUD. The picture needs to 
be of just their loved one in a plain 
background (like a wall). Provide address, 
location, and contact number. Ask, if 
information not already available (loved-one 
with AUD not already screened) for contact 
information of loved-one with AUD to 
schedule screening 
call and potential participation. 

Thank for interest. Tell them they do not 
qualify. Offer to send out information of 
local AL anon meetings or other resources to 
them. 

Subject ID   
*** DO NOT PUT PARTICIPANT NAME OR INFORMATION ON THIS SHEET*** 
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Appendix E 
Telephone Screening Assessment for Control Group 

Telephone Screener 
Script 

Family Study-
Control Group 

CONTINUE IF STOP IF 
1) What is your current age? Age = 34-65 Age outside 34-65 

2) Have you ever been diagnosed with a
psychotic disorder?
(e.g., hallucinations, delusions,
not related to substances)

No diagnosis of 
psychotic 
disorder 

Yes, previous or 
current diagnosis 
or psychotic 
disorder 

3) Do you have any vision impairments? No vision
impairmen
ts 

Uncorrectable 
vision impairments 

4) 

5) 

6) 

Do you have any grandparents, step- 
grandparents, parents, step-parents, 
siblings, step-siblings, half-siblings, or 
children who have been diagnosed 
with an addiction or dependence to 
alcohol or any other mood-altering 
substance? 

Do you have a biological son or 
daughter with no dependence or 
addiction diagnoses, who is between 
the ages of 18 – 50 who you would 
be willing to have serve as a target 
family member in this study? 

Have you ever received treatment for 
or been diagnosed with your own 
substance use disorder? 

No diagnosed 
addiction/dependence 
in family over 3 
generations 

If yes close loved 
one and are willing to 
have them be a target 
family member; age 
18 – 50 

If they have not 
received or 
been diagnosed 
with a 
substance disorder 

Yes diagnosed 
addiction/dependence 
in family over 3 
generations 

If no close loved one 
and/or are not willing 
to have them be 
target family 
member; is not age 18 
– 50

If they have ever 
been diagnosed with 
a substance disorder 
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QUALIFIES FOR STUDY DOES NOT QUALIFY 
Schedule participant for study. Request 
participant send an electronic picture of their 
loved one. The picture needs to be of just their 
loved one in a plain background (like a wall). 
Provide address, location, and contact 
number. 

Thank for interest. Tell them they do not qualify. 
Offer to send out information of local AL anon 
meetings or other resources to them. 

Subject ID   
*** DO NOT PUT PARTICIPANT NAME OR INFORMATION ON THIS SHEET*** 
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Appendix F 
CARR Consent Form 

Please share your thoughts in our research project. 

What is this project studying? 
This study is called Comprehensive Neuroanalysis of Individual and Family Addiction 
Recovery: A Systemic Perspective. The study will help us expand general knowledge 
surrounding the effects of alcohol use disorders on family members and lead to greater 
understanding and future research about the importance of recovery all persons 
impacted by the use disorder. Clinically, this study will help us better involve family 
members in recovery process and help advocate for the support and resources they may 
need. 

What would I do if I participate? 
Participants will complete an fMRI neuroimaging assessment and some other surveys 
lasting approximately 60 – 75 minutes on Texas Tech campus. 

How will I benefit from participating? 
Besides providing the project with valuable information that will enhance 
understanding regarding individual and family recovery from alcohol use disorders, 
you will be compensated $25 for volunteering your time. 

Can I quit if I become uncomfortable? 
Yes, absolutely. Your participation is completely voluntary. (PI name) and the 
Institutional Review Board have reviewed the questions and think you can answer them 
comfortably. You may skip any question you do not feel comfortable answering. You 
can also stop answering questions at any time. You are free to leave any time you wish. 
You can keep all the benefits of participating even if you stop. Simply tell any of the 
researchers that you wish to stop participating and we will stop the study, no questions 
asked. Participating is your choice. However, we do appreciate any help you are able 
to provide. 

How long will participation take? 
We are asking for 60--‐75 minutes of your time. 

How are you protecting privacy? 
Your name will not be linked to any documentation and any use of this material in 
reports, publications or presentations will never be associated with participants in this 
study without permission. No one other than the researchers associated with this 
project will have access to the raw data. All related documentation will be stored either 
in a locked file cabinet in the researcher’s office or on a password protected computer. 

I have some questions about this study. Who can I ask? 
• The study is being run by (PI name) from the Department of Community,

Family, and Addiction Sciences at Texas Tech University. If you have
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questions, you can call him at XXX.XXX.XXXX 
• TTU also has a Board that protects the rights of people who participate in

research. You can ask them questions at 806-742‐2064. You can also mail your
questions to the Human Research Protection Program, Office of the Vice
President for Research, Texas Tech University, Lubbock, Texas 79409 or
email them to hrpp@ttu.edu.

____________________________________________ ________________________ 
Signature Date 

____________________________________________ 
Printed Name 
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Appendix G 
TTNI Consent Form 

Informed Consent Form 

What is this project studying?   
The study is called: “Comprehensive Neuroanalysis of Individual and Family 
Addiction Recovery; A Systemic Perspective." The study will help us expand general 
knowledge surrounding the effects of alcohol use disorders on family members and lead 
to greater understanding and future research about the importance of recovery all persons 
impacted by the use disorder. Clinically, this study will help us better involve family 
members in recovery process and help advocate for the support and resources they may 
need. The study will include magnetic resonance imaging. This is a way of studying the 
brain that takes pictures of the brain using radio waves (not x-rays). The United States 
Food and Drug Administration (FDA) has set guidelines for magnet strength and 
exposure to radio waves, and we carefully observe those guidelines. Wide range of 
human and animal imaging studies are carried out in the lab.    

What would I do if I participate?  
First, you will answer some questions about things that have to do with your safety and 
about whether you have left or right hand dominance. The Safety Screening Sheet 
questions will take about five minutes. Before the scan, you can look at the MOCK 
Scanner and lie down on it if you feel it is needed. You will then go into a room called a 
neuroimaging chamber and lie down on a small table that slides into the center of the 
MRI equipment. You will have a head coil (like a bird cage) put over your head and a 
mirror will be adjusted so you can see the display screen. The noise of the scanner 
sometimes bothers people. You will have earplugs and headphones to help reduce the 
noise. We will do several scans to learn about brain structure and function. During one of 
the scans, you will be asked to look at sets of visual stimuli projected onto the screen and 
to press buttons to respond to images on the screen. This will take about 25 minutes.  

How long will participating take?  
We are asking for 60-75 minutes of your time. 

Can I quit if I become uncomfortable?  
Because of the enclosed space, some people become uncomfortable or anxious. If this 
happens to you, you can ask to stop the study at any time, and we will take you out of the 
MRI scanner.  Although it doesn’t happen very often, some people may feel dizzy, 
develop an upset stomach, and/or have tingling sensations or muscle twitches.  These 
sensations usually go away quickly but please tell the research staff if you have any of 
these feelings in the scanner.  

How are you protecting my privacy? 
Your name will be taken off all of your research materials and a code number will be 



Texas Tech University, Mazie Zielinski, May 2022 

127 

used instead. Only the research colleagues and assistants will have any way to match 
your code number with your name. The key to the code will be destroyed after analysis of 
the study data is complete 

Are there any risks to me? 
You will be continuously monitored throughout the scan.   
If you have a pacemaker or some metal objects in your body, you will not be allowed to 
be in this study because of the strong magnet fields in the MRI scanner. Another risk is 
the possibility of metal objects being pulled into the magnet and potentially hitting you. 
To eliminate this risk you will need to remove anything metal from your clothes, any 
metal piercings, and anything metal from your pockets. You will also walk through a 
metal detector (like airport scanners) when you come into the magnet chamber. It is 
important to know that no metal can be brought into the magnet room at any time. Once 
you are in the scanner, the door to the room will be closed so that no metal from outside 
accidentally goes near the magnet.  

How will I benefit from participating?  
You might find the research interesting. You might feel good about helping with 
research. The MRI scan is part of a larger study in which you will receive a total of $25.  
This is not a diagnostic test. This is not a clinical or medical study of your brain. 

I have some questions about the study. Who can I ask?  
(PI name), from the Department of Community, Family, and Addiction Sciences at Texas 
Tech University, is in charge of the study. If you have questions, you can call him at 
XXX.XXX.XXXX or email him at (PI email address).
TTU also has a Board that protects the rights of people who participate in research. You
can ask them questions at (806) 742-2064 or email them at hrpp@ttu.edu. You can also
mail them at Institutional Review Board for the Protection of Human Subjects, Office of
the Vice President for Research, Texas Tech University, Lubbock, Texas 79409.

Printed Name _________________________________________  

Signature of Subject ____________________________________   Date__________ 

This consent form is not valid after <XX/XX/XXXX>. 
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If interested, Email your contact 
information to: 
hs.alcohol.recovery@ttu.edu 

To determine if you are eligible, please email your contact information to 
hs.alcohol.recovery@ttu.edu. We will set a brief telephone interview to verify 
eligibility. 

Benefits of the study include a chance to contribute to the understanding of family 
members’ recovery experiences. This study is being conducted by the Recovery 
Neuroscience Research Laboratory at Texas Tech University. 

This study has been IRB approved (#XXXXXX) and is directed by Dr. Spencer 
Bradshaw. He can be contacted at XXX.XXX.XXXX or (PI email address). 

Appendix H 
Family Group University Fliers 

Sober? Or Have an adult child who is? 

• Both the family member and their loved-one with an alcohol use disorder will
participate in the study.

• All family member participants must be a biological parent of their loved-one with an
alcohol use disorder, age 34-65, and have no substance dependence themselves.

• All loved ones with an alcohol use disorder must have at least 30 days sobriety and be
between ages 18-50.

• Participants will complete an fMRI brain scan, some additional surveys and complete
a behavioral task, lasting a total of approximately 65 – 80 minutes on Texas Tech
campus. Qualifying participants will be compensated $25 for their time.

 

 
  

A research study is being conducted on recovery 
experiences of family members and their loved-one 
with an alcohol use disorder. Family members must 
be ages 34-65 and have an adult child who has been 
diagnosed with an alcohol use disorder. Those with 
an alcohol use disorder must have previously received 
inpatient or outpatient treatment in the previous 2 
years, have at least 30 days of sobriety, and be ages 
18-50.
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If interested, Email your contact 
information to: 
hs.alcohol.recovery@ttu.edu 

To determine if you are eligible, please email your contact information to 
hs.alcohol.recovery@ttu.edu. We will set a brief telephone interview to verify 
eligibility. 

Benefits of the study include a chance to contribute to the understanding of family 
members’ recovery experiences. This study is being conducted by the Recovery 
Neuroscience Research Laboratory at Texas Tech University. 

This study has been IRB approved (#XXXXXX) and is directed by Dr. Spencer 
Bradshaw. He can be contacted at XXX.XXX.XXXX or (PI email address). 

Appendix I 
Control Group University Fliers 

Are You a Parent? No Family History of 
Addiction? 

• Family member participants in the control group must be a biological parent of a
child. They must be between 34-65 years of age and have no substance dependence
themselves. Also, they must have an adult child between the ages of 18-50 that they
could reference in this study who has no history of or present substance use disorders.

• Control group participants must also have no family history of any addiction in the
generation above or below them.

• Participants will complete an fMRI brain scan, some additional surveys and complete
a behavioral task, lasting a total of approximately 65 – 80 minutes on Texas Tech
campus. Qualifying participants will be compensated $25 for their time.

 

A research study is being conducted to compare 
family members with adult children who have an 
alcohol use disorder to family members with 
children who do not. We are looking for a control 
group for this study.  
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Appendix J 
Family Group Social Media Post 

Subject: Individual and Family recovery from Alcohol Use Disorder 
Social Media Medium (Facebook) Text 

A study is being conducted by the Center for Addiction Recovery Research at 
Texas Tech University. We are conducting a research study on recovery 
experiences on family members of a loved-one with an alcohol use disorder 
as well as their loved-one with the alcohol use disorder. Those with an alcohol 
use disorder must have previously received inpatient or outpatient treatment in 
the last 24 months (2 years) and must be abstinent from alcohol or illicit drug 
use for the last 30 days. They must also be between 18-50 years of age. 

Both family member and their loved-one with the alcohol use disorder would 
participate in this study, although participation can occur at different times. 
Family member participants must be a biological parent of their adult child with 
an alcohol use disorder. They must be between 34-65 years of age and have 
no substance dependence themselves. All participants will complete a 
functional magnetic resonance imaging (fMRI) brain scan at the Texas Tech 
Neuroimaging Institute (TTNI), fill out some additional surveys and complete a 
behavioral task, lasting approximately 65-80 minutes on Texas Tech campus. 
Qualifying participants will be compensated $25 for their time. 

If you are interested in learning more about this study, please email your 
contact information to hs.alcohol.recovery@ttu.edu and we will set a brief 
telephone interview to verify your eligibility. The benefits of the study include a 
chance to contribute to the understanding of recovery from alcohol use 
disorders and family members’ recovery experiences. This study is being 
conducted by the Center for Addiction Recovery Research at Texas Tech 
University. This study has been approved by the IRB (#XXXXXX) and is being 
directed by (PI name). He can be contacted via telephone at 
XXX.XXX-XXXX or email at (PI email address).

Again, if you are interested please email your contact information to 
hs.alcohol.recovery@ttu.edu 
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Appendix K 
Control Group Social Media Post 

Subject: Parent Study 
Social Media Medium (Facebook) Text 

A study is being conducted by the Center for Addiction Recovery Research at 
Texas Tech University. We are conducting a research study to compare family 
members with adult children who have an alcohol use disorder to parents with 
adult children who do not. We are looking for our control group, which consists 
of biological parents 34-65 years of age, who have no substance dependence 
themselves. Also, they must have an adult child age 18-50 that they could 
reference in this study who has no history or present substance use disorders. 
Control group participants must also have no family history of any addiction in 
the generation above or below them. All participants will complete a functional 
magnetic resonance imaging (fMRI) brain scan at the Texas Tech 
Neuroimaging Institute (TTNI), fill out some additional surveys and complete a 
behavioral task, lasting approximately 65-80 minutes on Texas Tech campus. 
Qualifying participants will be compensated $25 for their time. 

If you are interested in learning more about this study, please email your 
contact information to hs.alcohol.recovery@ttu.edu and we will set a brief 
telephone interview to verify your eligibility. The benefits of the study include a 
chance to contribute to the understanding of recovery from alcohol use 
disorders and family members’ recovery experiences. This study is being 
conducted by the Center for Addiction Recovery Research at Texas Tech 
University. This study has been approved by the IRB (#XXXXXX) and is being 
directed by (PI name). He can be contacted via telephone at 
XXX.XXX-XXXX or email at (PI email address).

Again, if you are interested please email your contact information to 
hs.alcohol.recovery@ttu.edu 
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Appendix L 
Family Group Electronic University Based Announcement Flyer 

Subject: Individual and Family recovery from Alcohol Use Disorder 

A study is being conducted by the Center for Addiction Recovery Research at 
Texas Tech University. We are conducting a research study on recovery 
experiences on family members of a loved-one with an alcohol use disorder 
as well as their loved-one with the alcohol use disorder. Those with an alcohol 
use disorder must have previously received inpatient or outpatient treatment in 
the last 24 months (2 years) and must be abstinent from alcohol or illicit drug 
use for the last 30 days. They must also be between 18-50 years of age. 

Both family member and their loved-one with the alcohol use disorder would 
participate in this study, although participation can occur at different times. 
Family member participants must be a biological parent of their adult child with 
an alcohol use disorder. They must be between 34-65 years of age and have 
no substance dependence themselves. All participants will complete a 
functional magnetic resonance imaging (fMRI) brain scan at the Texas Tech 
Neuroimaging Institute (TTNI), fill out some additional surveys and complete a 
behavioral task, lasting a total of approximately 65-80 minutes on Texas Tech 
campus. Qualifying participants will be compensated $25 for their time. 

If you are interested in learning more about this study, please email your 
contact information to hs.alcohol.recovery@ttu.edu and we will set a brief 
telephone interview to verify your eligibility. The benefits of the study include a 
chance to contribute to the understanding of recovery from alcohol use 
disorders and family members’ recovery experiences. This study is being 
conducted by the Center for Addiction Recovery Research at Texas Tech 
University. This study has been approved by the IRB (#XXXXXX) and is being 
directed by (PI name). He can be contacted via telephone at 
XXX.XXX-XXXX or by email at (PI email address).

Again, if you are interested please email your contact information to 
hs.alcohol.recovery@ttu.edu 
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Appendix M 
Control Group Electronic University Based Announcement Flyer 

Subject: Parent Study 

A study is being conducted by the Center for Addiction Recovery Research at 
Texas Tech University. We are conducting a research study to compare family 
members with adult children who have an alcohol use disorder to parents with 
adult children who do not. We are looking for our control group, which consists 
of biological parents 34-65 years of age, who have no substance dependence 
themselves. Also, they must have an adult child, ages 18-50, that they could 
reference in this study who has no history or present substance use disorders. 
Control group participants must also have no family history of any addiction in 
the generation above or below them. All participants will complete a functional 
magnetic resonance imaging (fMRI) brain scan at the Texas Tech 
Neuroimaging Institute (TTNI), fill out some additional surveys and complete a 
behavioral task, lasting a total of approximately 65-80 minutes on Texas Tech 
campus. Qualifying participants will be compensated $25 for their time. 

If you are interested in learning more about this study, please email your 
contact information to hs.alcohol.recovery@ttu.edu and we will set up a brief 
telephone interview to verify your eligibility. The benefits of the study include a 
chance to contribute to the understanding of recovery from alcohol use 
disorders and family members’ recovery experiences. This study is being 
conducted by the Center for Addiction Recovery Research at Texas Tech 
University. This study has been approved by the IRB (#XXXXXX) and is being 
directed by (PI name). He can be contacted via telephone at 
XXX.XXX-XXXX or by email (PI email address).

Again, if you are interested please email your contact information to 
hs.alcohol.recovery@ttu.edu 
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Appendix N 
Email Prompts 

FOR PARTICIPANTS WHO EMAILED OUR EMAIL ACCOUNT WANTING TO 
PARTICIPATE:  
Hello Participant name,  

Thank you for contacting us about our study. We would love your help. First, we need to 
do a phone screening with you to determine your eligibility. If you could please reply to 
this email with a good day and time that works for you M-F between 8am-5pm and I will 
have one of our lab members give you a call. If you qualify, we can then work out a time 
for you to come in for the study.   

Thank you  
Lab member name 

FOR PARTICIPANTS WHO ARE FROM THE COMMUNITY: 
Subject: fMRI Family Member Recovery Study  

Hello Participant name, 

I am emailing you in regards to your expressed interest in our family member recovery 
study discussed by Dr. Sterling Shumway at family week. Firstly, thank you for your 
interest in our study about family member recovery. We would love your help. We will 
need to do a phone screening with you to determine your eligibility. If you could please 
reply to this email with a good day and time that works for you M-F between 8am-5pm 
and I will have one of our lab members give you a call. If you qualify, we can then work 
out a time for you to come in for the study.   

Thank you  
Lab member name 

FOR PAST PARTICIPANTS:  
Subject: fMRI Alcohol Recovery Study 

Hello Participant name, 

My name is (lab member name) and I am emailing you to tell you about a study being 
conducted by the Center for Addiction Recovery Research at Texas Tech University, 
especially based on your past participation in related research. We are now conducting a 
research study on recovery experiences on family members of a loved-one with an 
alcohol use disorder as well as their loved-one with the alcohol use disorder. Those with 
an alcohol use disorder must have previously received inpatient or outpatient treatment in 
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the last 24 months (2 years) and must be abstinent from alcohol or illicit drug use for the 
last 30 days. They must also be between 18-50 years of age. Both family members and 
their adult child with the alcohol use disorder would participate in this study, although 
participation can occur at different times. Family member participants must be a 
biological parent of their loved-one with an alcohol use disorder. They must be between 
34-65 years of age and have no substance dependence themselves. All participants will
complete a functional magnetic resonance imaging (fMRI) brain scan at the Texas Tech
Neuroimaging Institute (TTNI), fill out some additional surveys and a complete a
behavioral task, lasting a total of approximately 65 - 80 minutes on Texas Tech campus.
Qualifying participants will be compensated $25 for their time. Would you be willing to
participate in this current study? If so, we would like to conduct a brief
telephone interview to verify your eligibility. The benefits of the study include a chance
to contribute to the understanding of recovery from alcohol use disorders family
members’ recovery experiences. This study is being conducted by the Center for
Addiction Recovery Research at Texas Tech University. This study has been approved by
the IRB (#XXXX-XX) and is being directed by (PI name). He can be contacted via
telephone at XXX.XXX.XXXX or email at (PI email address).

Thank you for your time. 
Lab member name 

AFTER CALL- REMINDER FOR APPOINTMENT: 
Hello participant name,  

This is a reminder for your appointment on Monday… , June 3rd, 2019 at 9:00 am. 
You will arrive at room 167D in the Human Sciences Building at Texas Tech University, 
where we will then continue to the Experimental Sciences Building for the second part of 
the study. You may park in the SUB parking lot, located directly across from the 
Experimental Sciences Building and pay there. If you have any issues, you can call me at 
(xxx)xxx-xxxx . The experiment will be around 80 minutes and it is important that you
arrive 30 minutes prior to your scheduled time. You will also be paid after the experiment
is completed. Please feel free to contact me with any questions.

Thank you,  
Lab member name 



Texas Tech University, Mazie Zielinski, May 2022 

136 

Appendix O 
AUD Loved One/Target Family Member Image Examples and Instructions Email 

Attached are pictures that represent what your photos should look like. Some criteria you 
should look for is a non-busy background, shoulders/waist up, and no one else in the 
picture. The person of interest should also be looking directly at the camera and not have 
any unusual angles. We will need 6 different pictures of the person of interest. Some 
good examples are any professional pictures such as photoshoots, wedding, or modeling 
pictures. If these are not available, you can take them on your iphone by going out in 
public and changing outfits and scenery.  
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Appendix P 
Participant Instructions Script 

 
What participants did in scanner: 
The total amount of time you are in the machine should be about 30 minutes. While in the 
scanner we are going to collect three different types of scans. The first scan should take 
about 5 minutes during which you will need to be very still and not move. You are free to 
keep your eyes open or closed. The second scan should take about 13 minutes during 
which you will view and rate various images using the clicker the technician will give 
you before entering the scanner. The final scan should take about 5 minutes during which 
you need to remain very still and not move. You are free to keep your eyes open or 
closed.  
 
 
When you are placed in the scanner the technician will place a clicker under your 
dominant hand that has two response buttons on it. You will place your index finger on 
one button and your middle finger on the other. Prior to the second scan starting, the 
technician will come on over the intercom and ask how you are doing and tell you the 
next scan is involving the buttons before beginning the scan. You are free to verbally 
respond to the technician but please try and stay as still as possible. A screen will then 
appear above you in the scanner. A set of instructions will be displayed on the screen 
before every set of pictures begins asking you to either rate the images less negative, 
more negative; less positive, more positive; or not rate the images at all. You will use the 
clicker to click the corresponding button that most accurately fits your rating for each 
image. Please follow the instructions as displayed and give your response prior to the 
next image showing up. 
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Appendix Q  

Study Images 
 

Neutral Images 

   

Alcohol Images 

   

Non-Alcohol Images 

  

Neutral Face Images 
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Appendix R 
Level One of the GLM 
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Figure 1: Level one of the GLM. Each participants run one images and run two images were 
examined and used to create four run 1 contrasts and four run 2 contrasts.  
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Appendix S 
Level Two of the GLM 
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Figure 2: Level two of the GLM. Each participants run one and run two contrasts from level 
one were combined to create four level two contrasts for each participant.  



Texas Tech University, Mazie Zielinski, May 2022 
 

 141 
 

Appendix T 
Level Three of the GLM with Separate Attachment Styles 
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Figure 3.1: Level three of the GLM for hypothesis 1b. Each participants four contrasts from 
level two were combined with each participants anxious attachment score, avoidant attachment 
score, and secure attachment score individually to create four level three contrasts for each 
attachment style. 
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Appendix U 
Level Three of the GLM 1b 
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Figure 3.2: Level three of the GLM for hypothesis 1a. Each participants four contrasts from 
level two were combined with each participants anxious, avoidant, and secure attachment scores 
to create four level three contrasts 
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Appendix V 
Positive Association with Anxious Attachment 

 
 

 
 

  

Figure 4.2. Threshold activation images of family and control groups and their 
between subject standardized scores on attachment anxiety, avoidance, and security 
while viewing images of their AUD loved-one/target family member image against all 
other image conditions. Significant activation of regions involved with reward 
negatively associated with attachment security. Z (Gaussianised T/F) statistic images 
were thresholded using clusters determined by Z > 2.3 and a (corrected) cluster 
significance threshold of P = 0.05. Brain regions include the anterior cingulate gyrus 
and posterior cingulate gyrus.  
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Appendix W 
Negative Association with Secure Attachment 

Figure 4.2. Threshold activation images of family and control groups and their 
between subject standardized scores on attachment anxiety, avoidance, and security 
while viewing images of their AUD loved-one/target family member image against all 
other image conditions. Significant activation of regions involved with reward 
negatively associated with attachment security. Z (Gaussianised T/F) statistic images 
were thresholded using clusters determined by Z > 2.3 and a (corrected) cluster 
significance threshold of P = 0.05. Brain regions include the anterior cingulate gyrus
and posterior cingulate gyrus. 
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Appendix X 
Significant Interaction with Anxious Attachment 

Figure 4.3. Threshold activation images of control group > family group interaction 
with anxious attachment while viewing images of their AUD loved-one/target family 
member image against all other image conditions. Z (Gaussianised T/F) statistic 
images were thresholded using clusters determined by Z>2.3 and a (corrected) cluster 
significance threshold of P = 0.05. Brain regions include the right and left thalamus 
and the right caudate. 


