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Abstract 

Early life adversity, such as childhood maltreatment, promotes physiological and physical 

dysregulation throughout the lifespan, increasing vulnerability to negative health outcomes. The 

stress associated with childhood maltreatment, which includes physical abuse, physical neglect, 

emotional abuse, emotional neglect, and sexual abuse inflicted by an older person or an adult 

towards a child, promotes an exaggerated physiological and psychological response to threats. 

Specifically, early life stress causes increases in chronic inflammation, which is associated with 

chronic diseases such as cardiovascular disease and cancer. In addition to increased physiological 

dysregulation (i.e., elevated inflammation), childhood maltreatment is associated with 

psychological dysregulation (i.e., depression), which may further contribute to disease later in life. 

Given the impact that early life adversity has on adverse health outcomes, it is important to identify 

how childhood maltreatment affects physiological and psychological dysregulation, especially for 

populations facing stress. Spousal bereavement ranks as the most stressful life event and is 

associated with elevated inflammation, depressive symptoms, and grief symptoms. Understanding 

how childhood maltreatment interacts with psychological and physiological mechanisms to predict 

inflammation, depressive symptoms, and grief symptoms will provide a useful direction in 

forecasting physical and mental health outcomes among a highly stressed, bereaved population. 

         Individual differences in vagally-mediated heart rate variability, an index of an individual’s 

self-regulatory ability, may partially explain the relationship between childhood maltreatment and 

poor physiological (i.e., elevated inflammation) and psychological dysregulation (i.e., depression 

and grief) among a highly stressed population. Examining changes in inflammation, depressive 

symptoms, and grief symptoms throughout the bereavement experience may be prognostic of 

individuals who are more vulnerable to adverse health outcomes following the death of a spouse. 
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Given the role that self-regulation may have in moderating the relationships between childhood 

maltreatment and inflammation, depressive symptoms, and grief severity, different emotion 

regulation strategies could also moderate these relationships. Thus, identifying the risk and 

resilience factors that underlie how childhood maltreatment impacts physiological and 

psychological dysregulation can be an influential factor in forecasting physical and mental 

outcomes among a highly stressed, bereaved population. 

Specific Aims 

The specific aims of this study are as follows: 

1) To evaluate how childhood maltreatment and vagally mediated heart rate variability 

interact to predict changes in physiological dysregulation (i.e., inflammation) and 

psychological dysregulation (i.e., depressive symptoms and grief symptoms) among 

bereaved individuals from 3 months after the death of a spouse, to 4 months after the death 

of a spouse, to 6 months after the death of a spouse 

2) To evaluate how childhood maltreatment and emotion regulation interact to predict 

changes in physiological dysregulation (i.e., inflammation) and psychological 

dysregulation (i.e., depressive symptoms and grief symptoms) among bereaved individuals 

3 months after the death of a spouse, to 4 months after the death of a spouse, to 6 months 

after the death of a spouse 

Biological Embedding Model of Adversity 

Stressful life events and the negative emotions they generate can impact physical and 

mental health, including psychological, immunological, autonomic, and neuroendocrine 

dysregulation (Ershler & Keller, 2000; Libby, 2007). Past psychological stressors, especially those 

that occur early in life, have a particularly significant impact on physical and mental health as they 
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make individuals more vulnerable and reactive to acute and chronic stressors across the lifespan 

(Fagundes et al. 2013; Miller et al., 2011). Moreover, chronic stress across the lifespan promotes 

an exaggerated psychological and biological response to subsequent stressors (Miller et al., 2011). 

As such, it is important to understand the risk and resilience factors underlying stress across the 

lifespan and adverse physical and mental health outcomes over time. 

Early life stress affects physical health via numerous behavioral and biological pathways. 

The biological embedding model of adversity indicates that early life stress during sensitive 

periods impacts the development of several physiological systems, which leads to poorer health 

outcomes (Miller et al., 2011). Children who experience severe life stressors such as childhood 

maltreatment (physical abuse, emotional abuse, sexual abuse, physical neglect, or emotional 

neglect inflicted by an older person or an adult towards a child), family conflict, or low 

socioeconomic conditions are at a higher risk for cardiovascular disease, type II diabetes, and 

cancer in adulthood than those without severe early life stressors (Miller et al., 2011). While poor 

health behaviors may partially explain how chronically stressful social and environmental 

conditions lead to adverse outcomes, the association between psychological stress early in life and 

adult physical health remains even after controlling for sleep patterns and nutrition, less exercise, 

and higher alcohol and cigarette use (Cohen et al., 2010; Miller et al., 2011). 

Researchers have theorized that early life stress negatively affects health by elevating 

levels of inflammation across the lifespan (Fagundes et al. 2013; Miller et al., 2011; Schwaiger et 

al., 2016). Under normal conditions, the local inflammatory response helps the body maintain 

physical health by killing invaders when the immune system identifies a foreign bacteria or virus. 

However, conditions of chronic stress lead to elevated systemic, chronic inflammation, which is 

associated with decreases in physical function, fatigue, disability, and disease including 
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cardiovascular disease, type II diabetes, Alzheimer’s disease, osteoporosis, periodontal disease, 

rheumatoid arthritis, and some cancers (Carpenter et al., 2010; Ershler & Keller, 2000; Libby, 

2007). Higher levels of inflammatory markers such as proinflammatory cytokines (e.g., interleukin 

6, or IL-6, and tumor necrosis factor-alpha, or TNF-α), C-reactive protein, and fibrinogen, reliably 

predict increased morbidity and mortality and decreased quality of life in older adults (Ershler & 

Keller, 2000; Kiecolt-Glaser et al., 2009; Mills et al., 2005). Thus, the measurement of biomarkers 

can help us understand the ways that early life stress affects physical health. 

Early life stress affects the body’s response to stress by signaling proinflammatory 

pathways that promote inflammation (Schwaiger et al., 2016). Early adversity can promote 

systemic inflammation through increased transcription of nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB), an intracellular signaling molecule that regulates 

proinflammatory cytokine gene expression (Straub & Härle, 2005). One possible mechanism 

explaining the increased transcription of NF-κB is through epigenetic processes that favor the 

production of inflammatory cytokines (Gillespie et al., 2019). Early life stress also triggers 

immune cell insensitivity to the anti-inflammatory effects of cortisol, causing resistance to 

inhibitory mechanisms of inflammation (Miller et al., 2011). Specifically, childhood maltreatment 

promotes elevated inflammatory cytokine production that continues throughout adulthood. Thus, 

stress negatively impacts health by dysregulating the immune system and increasing chronic 

inflammation (Miller et al., 2011). 

In addition to promoting negative physical health outcomes, inflammation has been shown 

to cause poor psychological health outcomes. Chronically high levels of inflammation play a 

significant role in the development of depression (Leonard, 2007; Raison et al., 2006), and 

inflammation has been associated with worse grief symptom severity in those experiencing 
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bereavement (Fagundes et al., 2019). Furthermore, levels of inflammation can predict symptom 

severity of both depression and grief (Fagundes et al., 2019). Given that childhood maltreatment 

promotes elevated inflammation, early life stress has the potential to lead to worse health later in 

life via physiological as well as psychological mechanisms. 

Childhood maltreatment. Childhood maltreatment is a particularly harmful early life 

stressor due to the long-term impact of interpersonal trauma, psychopathologies, and adverse 

physical and mental health problems that can persist throughout the lifespan (Miller et al., 2011). 

Specifically, childhood maltreatment includes physical abuse, physical neglect, emotional abuse, 

emotional neglect, and sexual abuse, all of which are inflicted by an older person or an adult 

towards a child (Bernstein et al., 2003; Mauritz et al., 2013). Physical abuse is classified as a 

physical assault on a child that causes injury or poses a risk for injury. Physical neglect includes 

inadequate parental supervision that puts a child in danger and the failure to provide for a child’s 

basic physical needs such as food, shelter, safety, medical care, and clothing. Emotional abuse 

includes humiliating and demeaning behavior towards a child, including verbal attacks on a child’s 

self-worth or well-being. Emotional neglect is characterized by failing to meet a child’s basic 

psychological and emotional needs, such as belonging, love, nurture, and support. Sexual abuse 

includes sexual contact or behavior between a child under 18 years old and an adult or older person 

(Bernstein et al., 2003). 

Because childhood maltreatment occurs while the body is still developing, these stressors 

have a lasting impact on the immune system and related physiological processes (Segerstrom & 

Miller, 2004). Childhood maltreatment is a common experience, with approximately 30-50% of 

adults reporting some level of abuse or neglect as children (Fagundes, Lindgren, et al., 2012). This 

prevalence is troubling as childhood maltreatment threatens one’s safety and inflicts long-term 
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effects on physical and mental health (Cicchetti & Banny, 2014; Cicchetti & Toth, 2005; Corwin 

& Keeshin, 2011; Teicher & Samson, 2013). Unfortunately, many children are subjected to 

multiple types of abuse, which may increase the risk for adverse health outcomes (Alpert et al., 

1998; Braver et al., 1992; Divone, 2002). 

The interpersonal trauma inflicted upon victims of childhood maltreatment makes this form 

of early life stress particularly harmful across the lifespan, in part due to psychosocial issues that 

arise as a result of childhood maltreatment. Childhood maltreatment is associated with poor 

adjustment at home and in schools (Okun et al., 1994, Parker & Herrera, 1996; Wodarski et al., 

1990) as well as worse social competence (Shields et al., 2001; Shonk & Cicchetti, 2001; Trickett 

et al., 1994). These disruptions in psychosocial development make it difficult for maltreated 

children to maintain peer relationships. As a result, children who have experienced maltreatment 

are more antisocial (Rogosch & Cicchetti, 1994; Salzinger et al., 1993; Shields & Cicchetti, 2001), 

more withdrawn (Dodge et al., 1994, Rogosch & Cicchetti, 1994), and more likely to be depressed 

(Okun et al., 1994). Additionally, childhood maltreatment can cause emotional dysregulation and 

delayed development of a child’s sense of self (Cicchetti & Toth, 2005; Cicchetti et al., 2003). 

Emotion dysregulation can then lead to aggressive behavior and future symptoms of anxiety and 

depression (Maughan & Cicchetti, 2002; Rogosch et al., 1995). Impaired development of a child’s 

sense of self is associated with more aggressive behavior, less prosocial behavior, and low self-

esteem (Shields et al., 1994; Vondra et al., 1989). These processes could be mechanisms that 

explain how childhood maltreatment can lead to future psychopathologies throughout the lifespan, 

including increased risk for depression (Widom et al., 2007; Wise et al., 2001), anxiety (MacMillan 

et al., 2001), and attachment disorders (Andersen et al., 1999). Adults self-reporting childhood 
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adversity, particularly emotional abuse, later displayed an increased risk of lifetime and current 

depressive disorders, even decades after the abuse occurred (Chapman et al., 2004).  

Cases of severe or recurrent interpersonal trauma often lead to extreme physical, affective, 

behavioral, and psychosocial dysregulation (Dvir et al., 2014). In addition to psychosocial issues 

and psychopathology, childhood maltreatment promotes elevated inflammatory cytokine 

production that continues throughout adulthood (Danese et al., 2007). For example, middle-aged 

adults from adverse family environments show higher C-reactive protein levels compared with 

those from healthy family environments (Danese et al., 2007; Taylor et al., 2006). Childhood 

maltreatment has also been associated with physical illness such as heart disease (Fuller-Thomson 

et al., 2010) and somatic symptoms such as arthritis, ulcers, headaches/migraines (Norman et al., 

2012), chronic pain (Walsh et al., 2007). Additionally, interpersonal trauma puts children at higher 

risk for self-harm, suicidal ideation, substance abuse, sexualized behavior, anger, poor impulse 

control, and attention difficulties even into adulthood (Dube et al., 2006; Famularo et al., 1996; 

Ford, 2017; Strine et al., 2012). In sum, childhood maltreatment has a devastating range of effects 

due to its disruption of normal psychological and physiological processes in children. These 

disruptions have life-long ramifications across the life span, causing maltreated children to face 

numerous challenges when overcoming stressors later in life. 

Stress sensitivity. Childhood maltreatment dysregulates an individual’s physiological 

response to stress by enhancing psychological and physiological reactivity to stressors throughout 

the lifespan, which then increases the risk for adverse health outcomes after experiencing a 

stressful life event later in life (Ellis et al., 2005; Gunnar et al., 2001; Gunnar et al., 2003). Studies 

examining how childhood adversity shapes stress-sensitivity in adulthood support the “kindling” 

hypothesis, which suggests that factors like early childhood adversity lower the threshold for 
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stressful event-related distress and sensitizes individuals to adverse physical and mental health 

outcomes (Harkness et al., 2006; Hammen et al., 2000; Hazel et al., 2008; Kendler et al., 2004; 

Monroe & Simons, 1991). Utilizing the “kindling” hypothesis can further research on how early 

life risk factors make individuals more vulnerable to adverse health outcomes in older adulthood. 

First, those who have experienced childhood maltreatment have fewer social and psychological 

resources to help during times of stress compared to those who have not experienced childhood 

maltreatment (Fagundes, Lindgren, et al., 2012). Those from distressed households are less likely 

to receive social support throughout their life due to impaired development of social skills and 

close relationships (Fagundes, Lindgren, et al., 2012). These individuals may use maladaptive 

strategies to cope with stress, such as social withdrawal and avoidance, contributing to the pathway 

by which early life stress affects immune dysregulation and physical health (Hyman et al., 2007). 

As such, interpersonal trauma associated with childhood maltreatment may have daunting 

implications for those who experience stressful events later in life. 

 Not only do individuals with early life stress experience stressors with higher intensity, 

but these individuals also experience daily events as stressors with a higher frequency than others 

(Miller et al., 2011). Those who experienced early life adversity may find certain circumstances 

more stressful than others and show greater vulnerability to immune dysregulation during stressful 

events in adulthood, supporting the notion that severe chronic stressors have long-term 

consequences on one’s physiology (Miller et al., 2011). For instance, adults who experienced 

childhood maltreatment showed a significantly greater emotional reactivity to daily-life stress and 

a heightened stress response to stressful life events compared with those who did not experience 

childhood maltreatment (Glaser et al., 2006; McLaughlin et al., 2010). Additionally, those with a 

history of childhood abuse or low socioeconomic status (SES) perceive ambiguous situations as 
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more threatening compared to those without a history of childhood abuse or low SES (Chen & 

Matthews, 2003; Miller et al., 2011). The heightened stress sensitivity that comes from early life 

adversity has effects on clinical outcomes; stress sensitivity is associated with depression 

(Oldehinkel et al., 2014; Wichers et al., 2009), and stressors are linked to grief severity (Hazzard 

et al., 1992). Given this heightened vulnerability to stress, it is crucial to understand how childhood 

maltreatment impacts an individual’s reaction to an impactful stressful life event later in life. 

Hypersensitivity to psychological stress can disrupt an individual’s neurobiological 

development and alters the brain’s autonomic stress response, increasing sympathetic activity, and 

decreasing parasympathetic activity (Heim et al., 2000). This response is consistent with increases 

in inflammation as norepinephrine (a mediator of sympathetic activity) promotes the production 

of proinflammatory cytokines while parasympathetic activity is associated with the cholinergic 

anti-inflammatory pathway (Bierhaus et al., 2003; Tracey, 2009). Thus, those experiencing 

childhood maltreatment have been found to have lower parasympathetic activity by measurement 

of heart-rate variability (Dale et al., 2009; Oosterman et al., 2010). Additionally, children raised 

in low-SES families showed higher levels of sympathetic activity, as measured by increases in 

epinephrine, than those not raised in low-SES families (Evans & English, 2002). These autonomic 

processes have linked early life stress to more pronounced stress-induced hypothalamic-pituitary-

adrenal (HPA) activity in adulthood, increasing cortisol levels to the point of glucocorticoid 

insensitivity, which in turn dysregulates the production of proinflammatory cytokines (Heim et al., 

2000; Miller et al., 2011). Accordingly, acute psychological stress has been shown to trigger an 

exaggerated inflammatory response in healthy adults who reported childhood trauma compared to 

those who did not report childhood trauma (Carpenter et al., 2010). 
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Bereavement. The interpersonal trauma and other adverse outcomes associated with 

childhood maltreatment can impact the body’s ability to cope with the loss of close relationships 

in older adulthood. Bereavement and grief are frequently reported as a traumatic experience 

associated with significant adverse health outcomes (Keyes et al., 2014; Paykel et al., 1969). In 

particular, spousal bereavement consistently ranks as a top stressor on the Social Readjustment 

Rating Scale, a questionnaire examining major stressful life events (Holmes & Rahe, 1967; Stroebe 

& Stroebe, 1987). The death of a spouse disrupts an individual’s support system and increases the 

risk of depression and stress disorders. Indeed, 50% of spousally bereaved adults meet the criteria 

for major depressive disorder at some point during the first year of bereavement (Clayton, 1990; 

Stroebe et al., 2007; Zisook and Shuchter, 1991). Following the loss of a spouse, the prevalence 

of anxiety disorders doubled, and major depressive disorder increased eight-fold (Stroebe et al., 

2007; Surtees, 1995). Additionally, depressed moods, suicidal ideation, fatigue, appetite loss, 

insomnia, loneliness, and social dysfunction all characterize bereavement (Byrne & Raphael, 

1997; Lund et al., 1993; Monk et al., 2008; Shuchter & Zisook, 1993; Stroebe et al., 2005). 

However, grief affects not only mental health outcomes but also impacts physical health outcomes, 

including increased risk for cardiovascular disease, worse physical pain, low heart rate variability, 

and poor immune functioning (Bradbeer et al., 2003; Mostofsky et al., 2012; O’Connor et al., 

2002; Phillips et al., 2006). 

Risk and Resilience Factors 

Those who have experienced childhood maltreatment are at increased risk for psychosocial 

issues, mental health, and physical health problems; however, there is considerable variability that 

exists in these outcomes (Miller et al., 2011). Recent work has focused on identifying variables 

that affect the strength of the relationship between childhood maltreatment and physical and mental 
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health. Chronic, heightened reactivity to stressors explains, at least in part, the effects of 

psychosocial risk factors on health (Ellis et al., 2005; Gunnar et al., 2001; Gunnar et al., 2003). 

The autonomic nervous system and the hypothalamic-pituitary-adrenal (HPA) axis play a key role 

in reactivity and regulatory processes (Fox, 1994). Chronic stressors affect these physiological 

systems and negatively impact immune and cardiovascular functioning (Kiecolt-Glaser et al., 

1994; Smith & Christensen, 1992). Considerable evidence indicates sympathetically mediated 

arousal as the link between stress and pathology in immune and cardiovascular domains (Baum et 

al., 1987; Herbert & Cohen, 1993; Kiecolt-Glaser & Glaser, 1995; Manuck et al., 1991; Taggart 

& Carruthers, 1971). Understanding how individual differences in physiological, biological, 

cognitive, affective, and behavioral factors interact can provide insight into the course of adverse 

physical and mental health outcomes in the spousally bereaved. 

Risk and resilience factors that influence the relationship between childhood maltreatment 

and health may include physiological and psychological markers of self-regulatory ability. For 

instance, individual differences in the functioning of the autonomic nervous system may influence 

the relationship between childhood maltreatment and physical and mental health. Emerging 

research suggests that self-regulatory ability may impact the relationship between childhood 

maltreatment and inflammation (Bridgett et al., 2013; Eisenberg & Spinrad, 2004). Self-regulatory 

ability encompasses the physiologically and psychological ability to adapt to a given situation and 

encompasses behavioral, emotional, and cognitive dimensions. Given there are physiological and 

psychological measurements of self-regulatory ability, we can utilize both components to 

understand risk and resilience factors that impact the relationship of childhood maltreatment and 

health. Thus, understanding how physiological and psychological components of self-regulation 
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may affect the trajectories of physical and mental health due to stress across the lifespan may be 

influential in understanding the mechanisms underlying death and disease later in life. 

Neurovisceral Integration Model 

The neurovisceral integration model integrates autonomic, attentional, and affective 

systems into a functional and structural network that guides understanding of regulatory processes 

(Thayer et al., 2009). This flexible neural network plays a vital role in self-regulation and 

adaptability and links psychological processes, such as cognition and emotion, and health-related 

physiological processes (Thayer & Lane, 2000). One primary function of this circuit is inhibition, 

the suppression of overpowering, irrelevant, or distracting stimuli to promote an appropriate 

response and achieve a goal in a dynamic environment. This circuit allows the prefrontal cortex to 

promote inhibitory processes such as cognitive flexibility, working memory, response inhibition, 

and emotion regulation, so the body can respond to environmental demands and organize its 

behavior appropriately (Arnsten & Goldman-Rakic, 1998). However, when deactivated under 

stressful conditions, the prefrontal cortex promotes hypervigilance, preservation, and 

defensiveness, which inhibits the body’s ability to respond to the environment effectively (Thayer 

et al., 2009). Importantly, this circuit can be indexed with heart rate variability, with low heart rate 

variability associated with less effective inhibitory processes and an increased risk of all-cause 

mortality (Thayer & Lane, 2000). 

Autonomic balance. A key system of the neurovisceral integration model, the autonomic 

nervous system has a significant role in somatic and mental diseases (Thayer et al., 2010). The 

autonomic nervous system includes the sympathetic nervous system and the parasympathetic 

nervous system. The sympathetic system involves energy mobilization or “flight-or-fight” 

functions, including increased heart rate, blood vessel constriction, bronchodilation, decreased gut 
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motility, and decreased secretions. The parasympathetic system includes “rest-and-digest” 

functions such as decreased heart rate, bronchoconstriction, increased gut motility, sphincter 

relaxation, and increased secretions. Under normal conditions, these two branches function in 

dynamic balance so the body can adjust appropriately to changing environments (Thayer et al., 

2010). This flexibility prevents maladaptive responses when under environmental pressure. 

Alternatively, when the two branches are in a static imbalance, the body cannot adjust to the 

environment as needed, which increases vulnerability to pathology (Thayer et al., 2010). 

Several studies show that cardiac autonomic balance favors energy conservation at rest via 

parasympathetic influences rather than sympathetic influences (Thayer et al., 2009). Beat-to-beat 

variability characterizes the heart rate time series, implying vagal dominance because sympathetic 

influences are too slow to produce these beat-to-beat changes (Thayer et al., 2009). The autonomic 

system avoids enlisting unfavorable sympathetic activity, as arousal involving sympathetic 

engagement during stress is more closely tied to physiological dysfunction than arousal associated 

with the removal of parasympathetic inhibition (Burns et al., 1992; Cacioppo et al., 1995). Thus, 

parasympathetic influences play a significant role in cardiac autonomic balance and put the heart 

under tonic inhibitory control (Burns et al., 1992; Cacioppo et al., 1995). Autonomic imbalance, 

on the other hand, is characterized by a hyperactive sympathetic system and a hypoactive 

parasympathetic system (decreased vagal function), which places excessive energy demands on 

the body that subsequently lead to disease (Thayer et al., 2009). Furthermore, recent models link 

autonomic imbalance and vagal function to cardiovascular disease, with decreased vagal function 

associated with cardiovascular disease risk factors and increased vagal function associated with 

improved risk profiles (Thayer et al., 2009).   
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Central autonomic network. The central autonomic network functions as an integral part 

of the internal regulation system where the brain controls behavioral, neuroendocrine, and 

visceromotor responses needed for goal-directed behavior, adaptability, and health (Thayer et al., 

2009). Sympathetic and parasympathetic neurons innervate the heart and mediate the primary 

output of the central autonomic network via the stellate ganglia and vagus nerve, respectively 

(Thayer et al., 2009). These input into the cardiac sinoatrial node and produce the complex 

variability that characterizes the heart rate time series and links the output of the central autonomic 

network to heart rate variability (Thayer et al., 2009). Given that sensory information from 

peripheral organs such as the heart and immune system feedback to the central autonomic system, 

heart rate variability indicates the central-peripheral neural feedback and the integration of the 

central and autonomic nervous system (Thayer et al., 2009). 

     Other functional units in the central nervous system perform executive, attentional, 

motivated, affective, and social behavior. The rostral limbic system regulates behavior by 

monitoring the motivational quality of internal and external stimuli. Other work identifies a neural 

“emotion circuit” with substantial structural overlap with the central autonomic system and rostral 

limbic system (Damasio, 1998). The central autonomic system, rostral limbic system network, 

“emotion circuit,” and other related systems represent a shared functional network within the 

central nervous system (Damasio, 1998; Thayer et al., 2009). This network organizes responses, 

selects situations and behaviors, and controls psychophysiological resources in attention and 

emotion (Damasio, 1998; Thayer et al., 2009). This interconnected neural complex promotes 

flexibility in accommodating to rapidly changing environmental demands (Damasio, 1998; Thayer 

et al., 2009). Similar to the static imbalance of the sympathetic and parasympathetic nervous 
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system, the body struggles to adjust to the environmental pressures when this neural network 

breaks down, increasing vulnerability to pathology. 

     Self-regulatory ability. Self-regulatory ability, a multidimensional construct that 

encompasses control of behavior, emotion, and cognition, represents the ability of the central 

autonomic network to modulate and adapt behavior to fit any given situation (Bridgett et al., 2013). 

Given the role that autonomic imbalance has on poor health outcomes, it follows that higher self-

regulatory ability could be associated with better health outcomes as a result of the effectiveness 

of the central autonomic network. Emerging research within the childhood maltreatment literature 

suggests that self-regulatory ability plays an essential role in the relationship between childhood 

maltreatment and inflammation (Bridgett et al., 2013; Eisenberg & Spinrad, 2004). Additionally, 

emotion dysregulation has been found to mediate the link between childhood maltreatment and 

future depressive symptoms (Coates & Messman-Moore, 2014). Relevant to the present study, 

bereaved individuals who are experiencing symptomatic grief exhibit lower levels of expressive 

flexibility, which represents a diminished capacity to regulate emotions (Gupta & Bonanno, 2011). 

General self-regulatory abilities involve control processes, attentional shifting (Kopp, 

2002), effortful control (Murray & Kochanska, 2002), emotion management (Thompson, 1994), 

goal-setting, self-monitoring, and strategy usage (Borkowski et al., 2000; Martinez-Pons, 1996). 

Self-regulatory processes include the ability to understand and express emotions, plan and direct 

attentional processes, utilize problem solving strategies, and monitor success in reaching a goal 

(Kopp, 2002; Murray & Kochanska, 2002). Self-regulation consists of both emotional and 

cognitive components and influences the development of social relationships, behavioral 

adjustment, and academic success (Martinez-Pons, 1996; Rydell et al., 2003). In a review of 

childhood maltreatment and self-regulation, child abuse and neglect heightened the risk for a 
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chronic deficiency in regulating emotional and behavioral responses (van der Kolk and Fisler, 

1994). Children with difficulty controlling their emotions have more externalizing and 

internalizing behavioral problems (Rydell et al., 2003). 

Heart rate variability: An index of self-regulatory ability. Vagal tone, the activity of 

the vagus nerve, is a crucial component of physiological regulation and the parasympathetic 

nervous system’s influence on the heart (Porges, 1991). The vagus nerve consists of sensory and 

motor fibers that operate between brain structures and visceral organs (Thayer et al., 2009). The 

vagus nerve acts as a “brake,” exerting an inhibitory influence on the heart (Thayer et al., 2009). 

As such, increased vagal tone slows down heart rate while vagal withdrawal speeds heart rate by 

decreasing the latency period between contractions (Porges et al., 1996).  

Vagal tone plays a vital role in physiological and behavioral reactivity (Porter et al., 1988). 

When an individual perceives a safe environment, the vagal brake inhibits sympathetic arousal, 

which induces a calmer state and facilitates social engagement (Porges, 2007). Under threatening 

conditions, the vagal brake is “suppressed,” which allows the sympathetic and adrenergic system 

to increase arousal and defensive reactions (Porges, 2007). While vagal suppression is adaptive in 

threatening conditions, decreased vagal tone due to prolonged responses to non-threatening stimuli 

or safe contexts promotes maladaptive responses and adverse outcomes (Friedman, 2007). 

Relevant to the present study, individual differences in vagal tone, as indexed by vagally mediated 

heart rate variability (HRV), may play a vital role in the relationship between childhood 

maltreatment and health outcomes for those who are experiencing extreme stress. Of note, low 

heart rate variability exacerbated the effect that childhood maltreatment had on increased alcohol 

problems (Oshri et al., 2018). Additionally, lower levels of heart rate variability have been found 

in individuals who are depressed and who are experiencing complicated grief or bereavement 
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(Fagundes et al., 2018; Kemp et al., 2010; LeBlanc et al., 2016). Thus, understanding the role of 

heart rate variability on the relationship between childhood maltreatment and inflammation, 

depressive symptoms, and grief symptoms among bereaved individuals may provide crucial 

insight into how individual differences may contribute to the already negative impact that 

childhood maltreatment has on health outcomes.  

Vagal tone promotes health, in part, by fostering rapid, incremental changes in cardiac 

output to meet environmental demands (Doussard-Roosevelt & Porges, 1999). Lower vagal tone 

is associated with increased respiratory problems, digestive issues, and cardiovascular disease 

(Casale, 1987; Fukudo et al., 1992; Porges, 1991) while higher cardiac vagal tone is associated 

with decreased rates of physical illness among adults (Porges, 1992). Additionally, reduced vagal 

tone is observed among antisocial and parasuicidal children and adolescents (Beauchaine et al., 

2001, Crowell et al., 2006, Mezzacappa et al., 1997), trait hostile adults (Sloan et al., 1994), and 

depressed, anxious, and panic disordered groups (Lyonfields et al., 1995, Rechlin et al., 1994; 

Rottenberg et al., 2003; Thayer et al., 1996, Yeragani et al., 1992, Yeragani et al., 1993), 

supporting the notion that reduced vagal tone is associated with psychiatric conditions involving 

dysregulated emotion.  

On the other hand, higher vagal tone has been associated with adaptive adjustment, 

including adaptive emotional regulation (Fox, 1989; Gottman & Katz, 1989; Linnemeyer & 

Porges, 1986; Suess, Porges, & Plude, 1994), social competency (Doussard-Roosevelt et al., 1997; 

Richards, 1985), attentional processes (DiPietro & Porges, 1991; Porges & Humphrey, 1977), and 

behavioral regulation (e.g., Eisenberg et al., 1996). Vagal tone is also positively associated with 

children's social engagement (Fox and Field, 1989), social competence (Eisenberg et al., 1995), 

and expressions of empathy toward others in distress (Fabes et al., 1993), supporting the idea that 
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this system evolved to facilitate social communication and emotion regulation. Additionally, high 

vagal tone buffers the relationship between witnessing marital conflict as children and developing 

internalizing and externalizing behavior patterns later in life (El-Sheikh et al., 2001, Katz and 

Gottman, 1995, Katz and Gottman, 1997). 

Individual differences in vagally mediated heart rate variability (HRV), have been linked 

to neural structures involved in self-regulatory ability. Compte et al. (2000) proposed that the 

prefrontal cortex temporarily holds sensory information through sustained activity. This 

continuing activation links the input of sensory information with the output of sustained activity 

to promote flexible responses to a changing environment (Compte et al., 2000). Thus, the 

prefrontal cortex must function adequately to form associations and relationships between separate 

pieces of information provided over time (Compte et al., 2000). In addition, the extent to which 

prefrontal control areas exhibit greater connectivity with other functional networks is associated 

with increased cognitive control ability, including inhibitory control, working memory tasks, and 

executive-function task performance (Compte et al., 2000). As such, those with greater vagally 

mediated HRV perform better on executive function tasks across wide-ranging situations than 

those with lower vagally mediated HRV (Compte et al., 2000). 

Similar research shows the link between vagal function and emotion regulation and 

between vagal function and physiological regulation. According to the model of neurovisceral 

integration, a set of neural structures involved in cognitive, affective, and autonomic regulation 

are related to HRV and cognitive performance (Thayer et al., 2009). The prefrontal cortex 

modulates parasympathetic activity through subcortical inputs via direct and indirect pathways 

that involve HRV (Thayer et al., 2009). The neurovisceral integration model proposes that 

affective regulation and physiological regulation processes have a common inhibitory network to 
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promote goal-directed behavior. Affective and physiological regulation are both associated with 

vagally mediated cardiac function, as indexed by HRV (Thayer et al., 2009). 

Emotion Regulation 

 Emerging research suggests that emotion regulation skills, a subset of self-regulatory 

ability, plays an important role in the relationship between childhood maltreatment and adult 

outcomes. Emotion regulation depends on specific, identifiable stimuli that are involved in 

experiential, behavioral, and physiological responses, while self-regulation includes a broader 

range of stimuli, including mood, affect, hunger, thirst, aggression, and sexualized behavior 

(Gross, 1998b). Gross’ modal model of emotion is particularly useful in understanding theory and 

research regarding emotion. Appraisal theory states that emotions come about as an individual 

gives attention to and evaluates a situation relevant to an active goal (Gross, 1998b). The modal 

model of emotion is made up of a situation-attention-appraisal-response sequence. First, a situation 

may arise externally (e.g., outside circumstance) or internally (e.g., in the form of memory). These 

situations compel an individual’s attention such that emotions occur when one attends to the 

situation and do not occur when one does not attend to the situation. Then, an individual evaluates 

the situation by giving it meaning concerning the relevant goals, and the response follows. The 

response then feeds back to the situation. (Ellsworth & Scherer, 2003). Thus, emotions involve a 

person attending to a situation, bringing meaning to it in the context of an active goal, and then 

responding, which may feedback and potentially alter the situation (Ellsworth & Scherer, 2003). 

Emotion regulation, defined as the ability and processes that modulate which emotions are 

experienced, when they are experienced, and how they are experienced, is involved in theoretical 

models explaining processes related to developmental dysfunction (e.g., Calkins, 1994; Eisenberg 

& Fabes, 1992; Thompson, 1994). Emotion regulation has three core features: the emotion 
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regulation goal, emotion regulation strategy, and the outcome. Gross’ process model of emotion 

regulation is a helpful framework in understanding regulatory processes related to emotion (Gross, 

1998b). This model has a regulatory strategy mapped onto each step in the modal model of emotion 

as a potential target for regulation. There are five families of emotion regulatory processes: 

situation selection, situation modification, attentional deployment, cognitive change, and response 

modulation. Situation selection takes place before the situation has occurred and involves taking 

actions that may change the likelihood of being in a situation that one believes will give rise to a 

desirable or undesirable emotion. Situation modification involves directly changing a situation, or 

the external environment, to alter the emotion associated with the situation. Attentional 

deployment occurs when attention is directed to change the influence of the situation on emotion. 

Distraction is a common form of attentional deployment as attention is moved away from the 

situation or possibly onto other aspects of the situation to alter the emotional influence. Cognitive 

change occurs when an individual alters the meaning of the situation by changing how one thinks 

about the situation. Response modulation involves directly changing the experiential, behavioral, 

or physiological components of the emotional response after response tendencies have initiated.  

Emotion regulation strategy may influence the strength of the relationship between 

childhood maltreatment and inflammation. Studying the effects of cognitive reappraisal (an 

example of cognitive change) compared to expressive suppression (an example of response 

modulation) can help delineate between adaptive and maladaptive emotion regulation strategies 

(Gross, 1998b). Reappraisal is a cognitively-oriented, antecedent-focused form of emotion 

regulation (before the emotion has occurred), involving how a person thinks about a situation in 

order to alter the emotional response (Gross, 1998b). Conversely, suppression is a response-

focused (i.e., after the emotion has occurred) behaviorally-oriented form of regulation where one 
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changes the emotion-expressive behavior, such as a facial expression (Gross, 1998b). Across 

cognitive and social domains, reappraisal seems more adaptive compared to suppression, but the 

effects can vary by context (Gross, 1998b). Lower levels of cognitive reappraisal are associated 

with depressive symptoms, and higher cognitive reappraisal has been shown to attenuate the 

relationship between stress and depressive symptoms (Andreotti et al., 2013; Troy et al., 2010). In 

grief, randomized control trial interventions that utilize cognitive reappraisal have been shown to 

improve symptoms of complicated grief in bereaved individuals (Wagner et al., 2006). 

Reappraisal may be a useful strategy that can weaken the impact of childhood maltreatment 

on inflammation given the beneficial effects of reappraisal on emotional experiences and the 

sympathetic nervous system response. Reappraisal is associated with increased positive emotion 

experience and decreased negative emotion experiences (Feinberg et al., 2012; Gross, 1998a; 

Lieberman et al., 2011; Ray et al., 2010; Szasz et al., 2011; Wolgast et al., 2011) and either 

decreases or does not impact sympathetic nervous system responses (Gross, 1998a, Kim & 

Hamann, 2012; Shiota & Levenson, 2012; Stemmler, 1997; Wolgast et al., 2011). 

On the other hand, suppression may be a harmful emotion regulation strategy that 

strengthens the relationship between childhood maltreatment and inflammation. Affective studies 

have shown that suppression increases sympathetic nervous system responses (Demaree et al., 

2006, Gross, 1998a; Gross & Levenson, 1993, 1997; Harris, 2001; Richards & Gross, 2000). 

Correlational studies suggest an adverse profile of affective consequences when using suppression, 

including less positive emotion, more negative emotions, and feelings of inauthenticity and even 

increased depressive symptoms (Gross & John, 2003, Moore et al., 2008; Nezlek & Kuppens, 

2008). Furthermore, increased use of expressive suppression has been linked to depressive 

symptoms, and bereaved individuals experiencing grief who utilize expressive suppression 
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strategies have been shown to have higher levels of inflammation (John & Gross, 2004; Lopez et 

al., 2020). 

Emotion regulation is influential in the pathway between childhood maltreatment and 

physical and mental health outcomes. Emotion regulation is a key developmental process related 

to emotional and psychological adjustment and involves several regulatory domains, involving 

experiential, behavioral, and physiological components (Buss & Goldsmith, 1998; Eisenberg et 

al., 1996, 1997; Thompson, 1994). Children who have experienced maltreatment have more 

significant difficulties in managing emotions and understanding emotions (Maughan & Cicchetti, 

2002; Shields & Cicchetti, 1998). Emotional dysregulation in maltreated children has been linked 

to socioemotional well-being, internalizing symptoms (Maughan & Cicchetti, 2002), social 

adjustment (Shields & Cicchetti, 2001), and reactive aggression (Shields & Cicchetti, 1998).  

Environments with childhood maltreatment place unstable, extreme emotional demands on 

children, which may cause maladaptive emotion regulation skills (Thompson and Calkins, 1996). 

In an empirical study on dysfunctional emotion regulation, 80% of the maltreated children 

exhibited dysfunctional emotional regulation, while only 30% of the non-maltreated controls 

displayed dysfunctional emotion regulation (Maughan & Cicchetti, 2002). Furthermore, 

dysregulated emotional patterns included ambivalent patterns, non-goal-oriented responses, and 

unresponsive patterns (Maughan & Cicchetti, 2002). Maltreated children also have displayed more 

attention dysregulation (e.g., distractibility, overactivity, poor concentration) compared to non-

maltreated children (Shields and Cicchetti, 1998). Deficits in emotion regulation abilities as a 

result of childhood maltreatment subsequently negatively affect development, which can manifest 

in the form of behavioral problems, internalizing symptoms, poor social adjustment, and increased 

risk of bullying (Maughan and Cicchetti, 2002; Shields and Cicchetti, 2001). 
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Study Objective 

The purpose of this study is to understand how early life adversity affects health outcomes 

and what factors may exacerbate or buffer this relationship. Specifically, this study will identify 

how individual differences in self-regulatory processes impact the relationship between childhood 

maltreatment and inflammation, depressive symptoms, and grief symptoms among the spousally 

bereaved. Identifying the risk and resilience factors that may partially explain how childhood 

maltreatment impacts inflammation, depressive symptoms, and grief symptoms over 3-time points 

(from approximately 3 months following the death of the spouse, to approximately 4 months after 

the death of the spouse to approximately 6 months following the death of the spouse) can be a 

powerful tool in forecasting physical and mental health outcomes among a highly stressed, 

bereaved population. The study will utilize heart rate variability as an index of self-regulation to 

identify whether heart rate variability moderates the relationship between 1) childhood 

maltreatment and inflammation, 2) childhood maltreatment and depressive symptoms, and 3) 

childhood maltreatment and grief symptoms. Additionally, the current study will determine the 

frequency of 2 emotion regulation strategies: cognitive reappraisal and expressive suppression. 

Both of these emotion regulation strategies will be tested as a moderator on the relationships 

mentioned above. Thus, both physiological data and self-report data will be used to understand 

how childhood maltreatment impacts inflammation, depressive symptoms, and grief symptoms. 

The study will further the field in understanding how regulatory processes interact with childhood 

maltreatment to predict physical health outcomes across the lifespan. My specific hypotheses are 

as follows: 

Hypothesis 1a: The association of childhood maltreatment and inflammation will be buffered by 

vagally mediated HRV such that those with high levels of HRV will have lower inflammatory 
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levels over 3 time points (i.e., a flatter, positive slope) and those with low levels of HRV will have 

higher inflammatory levels over 3 time points (i.e., a steeper, positive slope). 

Hypothesis 1b: The association of childhood maltreatment and depressive symptoms will be 

buffered by vagally mediated HRV such that those with high levels of HRV will have lower levels 

of depressive symptoms over 3 time points (i.e., a flatter, positive slope) and those with low levels 

of HRV will have higher levels of depressive symptoms over 3 time points (i.e., a steeper, positive 

slope). 

Hypothesis 1c: The association of childhood maltreatment and grief symptoms will be buffered 

by vagally mediated HRV such that those with high levels of HRV will have lower levels of grief 

symptoms over 3 time points (i.e., a flatter, positive slope) and those with low levels of HRV will 

have higher levels of grief symptoms over 3 time points (i.e., a steeper, positive slope). 

Hypothesis 2a: The association of childhood maltreatment and inflammation will be buffered by 

cognitive reappraisal such that those with high levels of cognitive reappraisal will have lower 

inflammatory levels over 3 time points (i.e., a flatter, positive slope) and those with low levels of 

cognitive reappraisal will have higher inflammatory levels over 3 time points (i.e., a steeper, 

positive slope). 

Hypothesis 2b: The association of childhood maltreatment and depressive symptoms will be 

buffered by cognitive reappraisal such that those with high levels of cognitive reappraisal will have 

lower levels of depressive symptoms over 3 time points (i.e., a flatter, positive slope) and those 

with low levels of cognitive reappraisal will have higher levels of depressive symptoms over 3 

time points (i.e., a steeper, positive slope). 

Hypothesis 2c: The association of childhood maltreatment and grief symptoms will be buffered 

by cognitive reappraisal such that those with high levels of cognitive reappraisal will have lower 
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levels of grief symptoms over 3 time points (i.e., a flatter, positive slope) and those with low levels 

of cognitive reappraisal will have higher levels of grief symptoms over 3 time points (i.e., a steeper, 

positive slope). 

Hypothesis 2d: The association of childhood maltreatment and inflammation will be exacerbated 

by expressive suppression such that those with low levels of expressive suppression will have 

lower inflammatory levels over 3 time points (i.e., a flatter, positive slope) and those with high 

levels of expressive suppression will have higher inflammatory levels over 3 time points (i.e., a 

steeper, positive slope). 

Hypothesis 2e: The association of childhood maltreatment and depressive symptoms will be 

exacerbated by expressive suppression such that those with low levels of expressive suppression 

will have lower levels of depressive symptoms over 3 time points (i.e., a flatter, positive slope) 

and those with high levels of expressive suppression will have higher levels of depressive 

symptoms over 3 time points (i.e., a steeper, positive slope). 

Hypothesis 2f: The association of childhood maltreatment and grief symptoms will be exacerbated 

by expressive suppression such that those with low levels of expressive suppression will have low 

levels of grief symptoms over 3 time points (i.e., a flatter, positive slope) and those with high levels 

of expressive suppression will have higher levels of grief symptoms over 3 time points (i.e., a 

steeper, positive slope). 

Method 

Participants 

For this study, we recruited individuals who recently experienced the loss of their spouse 

(n = 130). We recruited bereaved individuals from obituaries, support groups, flyers, online 

postings, and community events. Bereaved individuals must have experienced the death of their 
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spouse no more than 14 weeks before their visit. Exclusion criteria included non-English speakers, 

significant visual or auditory impairment, being pregnant or nursing (women), autoimmune and 

inflammatory diseases, having experienced bereavement due to loss of another loved one in the 

last year, and being married for less than 3 years before the loss. Participants were asked to avoid 

strenuous physical activity and adhere to a regimented breakfast list and were checked for 

adherence at the beginning of the visit. Additionally, visits only took place if participants did not 

experience any illness symptom as inflammatory markers may be affected by these conditions.  

Rice University Institutional Review Board (IRB) approved all procedures, and all participants 

provided informed consent before beginning the study.    

Data collection took place over three time points: 1) approximately 3 months following the 

death of the spouse, 2) approximately 4 months after the death of a spouse, and 3) approximately 

6 months after the death of a spouse. The following procedures took place at each time point. 

Participants completed self-report demographic questionnaires and clinical questionnaires. 

Research assistants collected measurements including weight, height, waist circumference, heart 

rate variability, and non-fasting blood samples between 7:30 and 11:00 AM to control for diurnal 

variation.  

Measures 

General demographics. Participants answered questions about their age, sex, race, 

ethnicity, and educational attainment. To designate educational attainment, which has been a 

reliable estimation of socioeconomic status, participants checked their “highest grade completed” 

with 4-8 indicating years of junior high, 9-12 indicating high school, 13-16 indicating college, and 

17-20+ indicating graduate or professional school. Educational level was used to assess SES 

because some individuals were retired or never worked outside of the home. In addition, education 
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is less vulnerable to fluctuations in current income and job status (Gorman & Sivaganesan, 2007; 

Marmot et al., 1998; Winkleby et al., 1992). 

Childhood maltreatment. The Childhood Trauma Questionnaire (CTQ) provides data on 

early events that may be related to vulnerabilities in adulthood. Widely used, the CTQ has excellent 

normative data for its five scales: physical abuse, emotional abuse, sexual abuse, physical neglect, 

and emotional neglect (Bernstein & Fink, 1998). Higher scores are associated with greater distress 

among adults, as well as greater risk for PTSD and depression. Each subscale is comprised of five 

items and a five-point Likert scale is used: 1 = never true, 2 = rarely true, 3 = sometimes true, 4 = 

often true, 5 = very often true. Each subscale score ranges from 5 (no history of abuse and neglect) 

to 25 (very extreme history of abuse and neglect). A total childhood maltreatment score was taken 

by averaging the five subscales.  

Both the Childhood Trauma Questionnaire as a whole and subscales of the questionnaire 

have been validated and proven reliable via multiple studies. The questionnaire utilizes Likert-

scale items to create dimensional scales that enhance reliability and maximize statistical power. In 

the current sample, Cronbach’s alpha for emotional abuse = .800; Cronbach’s alpha for physical 

abuse = .617; Cronbach’s alpha for sexual abuse = .884; Cronbach’s alpha for emotional neglect 

= .897; Cronbach’s alpha for physical neglect = .700. Initial studies including the CTQ exhibited 

convergent and discriminant validity with a structured trauma interview and excellent test-retest 

reliability over a 2-to 6-month interval (intraclass correlation = 0.88) (Bernstein et al., 1994, Fink 

et al., 1995). Bernstein et al. (1997) compared correlations between trauma scales to those of the 

CTQ to test convergent and discriminant validity; convergent correlations were significantly 

higher than discriminant correlations. The majority of trauma dimensions measured by the CTQ 

had very high interrater reliability; specifically, 63% had intraclass correlations above 0.90. 
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Additionally, this study showed that the use of independent evidence, including information from 

referring clinicians, agencies, and other informants, could corroborate histories obtained with the 

CTQ. Supporting the CTQ’s criterion-related validity, the CTQ showed good sensitivity and 

satisfactory or better specificity after comparing therapists’ trauma ratings about the patient 

(Bernstein et al., 1997). 

In addition to utilizing the average score of the subscales in order to measure childhood 

maltreatment, I also utilized classifications according to Walker, Gelfand, et al. (1999) to 

determine childhood maltreatment status while weighing severity based on childhood 

maltreatment subtypes. The Walker cut-score method divides the sample into three different 

groups: a sexual abuse group, a non-sexual abuse group, and a group below the threshold for abuse 

and neglect. The sexual abuse group consists of participants who meet the cutoff score of clinical 

significance in the sexual abuse subscale (including participants who also meet the cutoff score of 

clinical significance in other maltreatment subscales in addition to sexual abuse). The non-sexual 

abuse group consists of participants who exceed the cutoff score of clinical significance in any of 

the four non-sexual abuse scales (i.e., physical abuse, physical neglect, emotional abuse, emotional 

neglect). The below threshold group consists of participants who did not reach the cutoff score of 

clinical significance in any subscale. In the primary analyses, I examined “maltreatment” vs. “non-

maltreatment” by including participants who are in the sexual abuse group and non-sexual abuse 

group in the “maltreatment group”; then, I compared this “maltreatment group” with the below 

threshold “non-maltreatment” group. Then, I conducted post-hoc analyses differentiating the 

sexual abuse group and the non-sexual abuse group.  

The classification of abuse and neglect cut-off scores developed by Walker, Gelfand, et al. 

(1999) was developed such that that physical abuse and physical neglect include all cases from 
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“slight to moderate” up to “extreme” while sexual abuse and emotional neglect includes all causes 

from “moderate to severe” up to “extreme.” For emotional abuse, the cut-off is in the middle of 

the “slight to moderate” level. The Walker classifications were developed to indicate severity 

ratings with a dichotomous differentiation of childhood maltreatment. These cut-off criteria were 

developed by relating CTQ subscale scores to ratings of expert blinds that administered detailed 

clinical interviews and determined whether participants had a history of clinically significant abuse 

or neglect. Walker classifications were used to determine childhood maltreatment while also 

weighing severity based on childhood maltreatment subscales. 

Heart rate variability. Vagally mediated heart rate variability was measured continuously 

with the Polar s810 wristwatch and Wearlink 31 belt band. We used KUBIOS HRV analysis 

software to preprocess the raw interbeat intervals for artifacts (Tarvainen et al., 2009). KUBIOUS 

produced values for vagally-mediated (parasympathetic) HRV using the time-domain method, 

square root of mean successive differences (RMSSD) between R-Waves. We used RMSSD as an 

index of heart rate variability as it is highly correlated with spectral derived measures of heart rate 

variability and less affected by artifacts compared to spectral indices of HRV (Penttila et al., 2001). 

RMSSD is calculated by taking the difference between consecutive interbeat (RR) intervals, 

subsequently squaring and taking an average of these values, and finally taking the square root of 

this average (Malik et al., 1996; Stein et al., 1994). An automated algorithm recorded interbeat 

interval sequences at a 250 Hz sampling frequency (Vernier Software & Technology, Beaverton, 

OR; Mindware Version 2.51, Mindware Technologies, LTD; Malik, 1996). After checking for 

abnormalities, we used a Fast Fourier transformation algorithm to conduct a spectral analysis of 

interbeat intervals (Duhamel & Vetterli, 1990). Vagally mediated heart rate variability 

measurements were separated into 5-minute epochs during baseline and averaged to form an 
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overall indicator of baseline heart rate variability. All procedures followed the Task Force of the 

European Society of Cardiology and the North American Society of Pacing Electrophysiology 

recommendations (Malik et al., 1996). 

Emotion regulation. The Emotion Regulation Questionnaire (ERQ) provides data on the 

frequency of the use of cognitive reappraisal and expressive suppression (Gross & John, 2003). 

The ERQ is an established measure with 10 questions on a seven-point Likert scale (1 = strongly 

disagree, 4 = neutral, 7 = strongly agree), with 6 reappraisal items and 4 suppression. Higher 

scores indicate greater frequency of habitual use of the strategy that is measured, and we calculated 

final scores for reappraisal and for suppression. For the current sample, the reliability alpha for 

cognitive reappraisal was .861; the reliability alpha for expressive suppression was .716.  

Inflammation. We induced cytokine production with whole blood cell cultures to measure 

the reactivity of T cells to mitogenic stimulation. The proinflammatory T cell-derived cytokines 

included IL-6, TNF-α, and CCL-4; all procedures were based on our lab’s previous work 

(Fagundes et al., 2019). T cell mitogen-induced secretion of these cytokines were also assessed 

(Korenromp et al., 2011). Supernatants were analyzed according to the manufacturer’s instructions 

(R&D Biosystems) (Korenromp et al., 2011). 

Depressive Symptoms. The Center for Epidemiological Studies Depression Scale (CES-

D) has been used extensively as a brief measure of depressive symptoms (Basco et al., 1997; 

Radloff, 1977). The measure asks participants to rate how often they have experienced depression-

related symptoms (i.e. restless sleep, poor appetite, and loneliness) in the past week. Each of the 

twenty items is measured on a scale from 0 to 3: 0 = rarely or none of the time, 1 = some or a little 

of the time, 2 = moderately or much of the time, 3 = most or almost all the time. Scores range from 

0 to 60 with higher scores indicating greater depressive symptoms. Studies have shown acceptable 
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test-retest reliability and excellent construct validity; the reliability alpha for the current sample 

was .920. (Basco et al., 1997).  

Grief Symptoms. The Inventory of Complicated Grief (ICG) measures symptoms of grief 

that are associated with long-term impairments (Prigerson et al., 1995). The ICG measures 19 

different grief-related symptoms and has excellent test-retest reliability (Cronbach’s α for the 

current sample  = .917). All questions are answered on a 5-point Likert scale that ranges from 0 - 

never to 4 - always. The ICG scores range from a minimum value of 0 to a maximum of 76. 

Symptoms of grief were analyzed with a continuous approach using the total ICG score. 

Sleep quality. We used the Pittsburgh Sleep Quality Index to measure sleep disturbances. 

The PSQI includes individual subscales: subjective sleep quality, sleep latency, sleep duration, 

sleep efficiency, sleep disturbances, sleep medication use, and daytime dysfunction. This measure 

is widely used to evaluate sleep disturbances among aggregated subscale scores (Buysse et al., 

1989). Higher scores on each subscale of the global score indicate greater sleep disturbance. Sleep 

quality was included as a covariate. 

Physical activity. The International Physical Activity Questionnaire measured the 

frequency and duration of vigorous-intensity activities, moderate-intensity activities, and walking 

over a 7-day period (Hagstromer et al., 2006). The frequency and duration values were multiplied 

for vigorous activities and moderate activities, respectively; these values were then multiplied by 

their respective metabolic equivalents (MET). The resulting individual MET values were added 

together to measure physical activity in units of total MET-minutes/week. Total physical activity 

was included as a covariate in the analysis. 

Comorbidities. The Charlson Comorbidity Index (CCI) is the most widely used measure 

to assess comorbid conditions predicting mortality (D’Hoore et al., 1993). The CCI assigns 
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weights to 19 physical health comorbid conditions based on their potential influence on one-year 

mortality. Comorbidities were included as a covariate in the analysis, as is common in 

psychoneuroimmunology (Fagundes et al., 2014). 

Covariates. Demographic factors, body mass index (BMI), days the passing of the spouse, 

physical activity, sleep quality, comorbidities, and nicotine use were included in models as 

covariates. Participants provided self-reports of their age, sex, income, education, days since the 

passing of the spouse, physical activity, sleep quality, comorbidities, and nicotine use. Income was 

assessed using an ordinal scale, where 0 indicated the family did not have any income the prior 

year. Each covariate was chosen as is common in the field of psychoneuroimmunology (Fagundes 

et al., 2013; Kiecolt-Glaser et al., 2015; Miller and Blackwell, 2006). 

Statistical Analysis 

All analyses were conducted in R (version 1.1.463; R Core Team, 2019). I utilized the nlme 

package for longitudinal analyses using a linear mixed-effects model  (Pinheiro et al., 2019) and 

the ggeffects package for data visualization (Wickham, 2016). Additionally, I imputed all 

predictors, moderators, and covariates through the bagImpute method in the caret package as 

imputation produces unbiased parameter estimates to reflect the true variability of missing data in 

a less biased manner than listwise deletion (Enders, 2017, Kuhn, 2020). Missing data comprised 

less than 5.49% of the sample. Before imputation, childhood maltreatment, heart rate variability, 

cognitive reappraisal, and expressive suppression were grand mean-centered. Preliminary 

statistical analysis included descriptive statistics, assessment of normality of distributions, and 

examination for skewness and kurtosis. I also examined the residuals following each analysis to 

confirm normal distribution, examined assumptions of linearity and homoscedasticity, and 

evaluated collinearity statistics.  
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In order to examine changes in inflammation, I created a composite index of IL-6, TNF-α, 

and CCL-4 to determine the significance of proinflammatory markers at each visit. This procedure 

is standard for examining multiple immune markers in order to protect against type I error while 

analyzing multiple correlated dependent variables (Fagundes et al. 2019). Further, the composite 

index reflects a coordinated immune response as these proinflammatory cytokines work in vivo 

(Dattalo, 2013; Fagundes et al., 2018). In order to create the composite, I calculated (base 10) log-

transformed values for each cytokine to normalize distributions as inflammatory markers are 

expected to be skewed (Shields et al., 2016); I then calculated Z-scores from the log-transformed 

values and averaged the Z-scores to produce the inflammatory profile for each participant. Thus, 

I created 3 inflammatory composite scores for each time point (i.e., 1) approximately 3 months 

following the death of the spouse, 2) approximately 4 months after the death of a spouse, and 3) 

approximately 6 months after the death of a spouse). Finally, I created an inflammatory panel with 

all 3 inflammatory composite scores in order to test changes in inflammation over time using a 

linear mixed-effects model. In order to look at changes in depressive symptoms and changes in 

grief symptoms, I also created a depressive symptom panel and grief symptoms panel respectively 

in order to test changes in depressive symptoms and grief symptoms over time using a linear 

mixed-effects model. 

In the primary analysis, I tested the interaction between childhood maltreatment and heart 

rate variability to predict changes in inflammation, changes in depressive symptoms, and changes 

in grief symptoms across 3 time points (the first time point approximately 3 months following the 

death of the spouse, the second approximately 4 months after the death of a spouse, and the third 

approximately 6 months after the death of a spouse). I then analyzed the interaction of childhood 

maltreatment and cognitive reappraisal to predict changes in inflammation, changes in depressive 
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symptoms, and changes in grief symptoms across the 3 time points; finally, I examined the 

interaction of childhood maltreatment and expressive suppression to predict changes in 

inflammation, changes in depressive symptoms, and changes in grief symptoms across the 3 time 

points. For significant results, I determined levels of the moderator by calculating one standard 

deviation above and below the mean to evaluate high and low levels of the moderator, respectively. 

In addition to testing the interactions listed above, I also examined the main effect of childhood 

maltreatment and inflammation, childhood maltreatment and depressive symptoms, and childhood 

maltreatment and grief symptoms across the 3 time points. 

For each analysis, I ran both unadjusted and adjusted regression models. In the adjusted 

model, I controlled for age, BMI, sex, income, education, days since passing, total physical 

activity, sleep quality, comorbidities, nicotine use and the outcome at baseline, as standard 

procedure in biologically oriented fields (Fagundes, Glaser, et al., 2012; Kiecolt-Glaser et al., 

2017). Additionally, I controlled for pro-inflammatory levels at baseline (approximately 3 months 

after the death of the spouse) in both the unadjusted and adjusted model with inflammation as the 

outcome, depressive symptoms at baseline in the unadjusted and adjusted model with depressive 

symptoms as the outcome, and grief symptoms at baseline in the unadjusted and adjusted model 

with grief symptoms as the outcome. Baseline inflammation, depressive symptoms, and grief 

symptoms were controlled for in the respective adjusted and unadjusted models to reflect how 

baseline levels may systematically differ and impact the trajectory of each outcome over time. 

Zero-order correlations assessed relationships between childhood maltreatment, heart rate 

variability, emotion regulation, baseline inflammation, baseline depressive symptoms, baseline 

grief symptoms, inflammation at approximately 6 months after the death of the spouse, depressive 
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symptoms at approximately 6 months after the death of the spouse, grief symptoms at 

approximately 6 months after the death of the spouse, and all continuous covariates.  

Mixed-Effects Model Fit 

First, I tested whether there was statistically significant variability in the intercepts across 

participants whereby the level 1 variable was the time point, and the level 2 variable was 

participant. I investigated whether there was significant variability in intercepts across participants 

by first estimating an unconditional means model, where the intercept for each null model 

represented the mean level of the outcome across individuals. According to the null model, which 

contained only the random intercept variance term to allow the intercepts to differ across 

individuals, a substantial proportion (74.7%) of the variance in the inflammatory composite can 

be explained by the participant. Furthermore, 84.2% of the variance in depressive symptoms can 

be explained by the participant, and 90.3% of the variance in grief symptoms can be explained by 

the participant. Further, the ICC2 of each outcome (inflammatory profile, depressive symptoms, 

and grief symptoms) for the null model was over .99, indicating that participants can be reliably 

differentiated in terms of their inflammatory profiles, depressive symptoms, and grief symptoms. 

Additionally, −2 log likelihood results indicated that the model including the random 

intercept (of person) fit the data better than the model without the random intercept. Finally, testing 

for slope variability indicated that the model including the fixed slope over time fit the data better 

than a random slope of time. In order to assess the model fit, I utilized Akaike information criterion 

(AIC) to compare the models such that the lowest AIC indicated the least amount of information 

lost in the model (Bozdogan, 1987; Vrieze, 2012). For each of the outcomes, I compared the AICs 

of the null model (fixed intercepts and fixed slopes), the model with random intercepts and fixed 

slopes, and the model with random intercepts and random slopes. The model with the lowest AIC 
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was the model with random intercepts (for the participant) and fixed slopes (over time) (AIC for 

inflammation model = 14012.13; AIC for depressive symptoms model = 55715.80, AIC for grief 

symptoms model = 53969.34), compared to the null model (AIC for inflammation model = 

26273.04, AIC for depressive symptoms model = 72450.77, AIC for grief symptoms model = 

75634.93) and the model with random slopes (AIC for inflammation model = 14016.65), AIC for 

depressive symptoms model = 55771.84, AIC for grief symptoms model = 54158.24); thus the 

models with the random intercepts and fixed slopes were used for this analysis. 

Results 

Preliminary Analyses 

Descriptive statistics and correlations. Prior to grand-mean centering childhood 

maltreatment, heart rate variability, cognitive reappraisal, and expressive suppression, I examined 

the descriptive statistics for the variables of interest: childhood maltreatment score after averaging 

the 5 subscales (M = 6.75, SD = 1.89), heart rate variability as indexed by HRV (M = 23.16, SD = 

18.61), cognitive reappraisal (M = 31.44, SD = 6.58), and expressive suppression (M = 13.49, SD 

= 4.88). Childhood maltreatment, heart rate variability, cognitive reappraisal, and expressive 

suppression then were grand-mean centered before calculating the correlations and running the 

analysis. After examining the continuous measure of childhood maltreatment, I examined 

descriptive statistics of childhood maltreatment using the Walker, Gelfand, et al. (1999) cut-score 

method. Fourteen participants, 10.77% of the sample, met the cut-off scores for experiencing 

sexual maltreatment (including those who also experienced another subtype of maltreatment; 36 

participants, 27.70% of the sample, met the cut-off score for experiencing non-sexual childhood 

maltreatment; 80 participants, 61.54% of the population did not meet the cut-off score for 

experiencing any type of childhood maltreatment. 
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 All outcomes (inflammation, depressive symptoms, and grief symptoms) were measured 

using mixed-models to include 3 time points: approximately 3 months following the death of the 

spouse, to approximately 4 months following the death of the spouse, to approximately 6 months 

following the death of the spouse. Descriptive statistics and correlations between the variables of 

interest can be found in Table 1. Prior to testing the hypotheses, I examined the adjusted analysis 

without the predictors or moderators to identify how the covariates accounted for inflammation, 

depressive symptoms, and grief symptoms without the full model (Table 2).  

Main effect of childhood maltreatment. When examining the main effect of childhood 

maltreatment on inflammation, depressive symptoms, and grief, I first examined the continuous 

measure of childhood maltreatment, calculated by averaging the subscale totals. In the adjusted 

models, childhood maltreatment was positively associated with depressive symptoms (b = 0.63, p 

= .001); there was no significant relationship between childhood maltreatment and inflammation 

(b = 0.02, p = .525) or childhood maltreatment and grief (b = 0.09, p = .649). Full adjusted analyses 

of the main effect of childhood maltreatment on inflammation, depressive symptoms, and grief 

symptoms can be found in Table 3. In unadjusted models, controlling only for the outcome variable 

at baseline, childhood maltreatment was positively associated with depressive symptoms (b = 0.65, 

p < .001); there was no significant relationship between childhood maltreatment and inflammation 

(b = 0.01, p = .816) or between childhood maltreatment and grief symptoms (b = 0.24, p = .190).  

I utilized the Walker cut-score methods to see how calculating childhood maltreatment 

using the case-categorical approach differed from the continuous, average subscale score method. 

In the primary analyses, I compared the group who had not experienced maltreatment to those who 

had experienced either sexual maltreatment or non-sexual maltreatment. Using this approach, 

differences between those with experiences of childhood maltreatment (sexual or non-sexual) and 
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those who did not experience childhood maltreatment did not predict changes in inflammation, (b 

= -0.13, p = .248) or grief symptoms (b = 1.00, p = .179) in adjusted models. However, differences 

between those with experiences of childhood maltreatment (sexual or non-sexual) compared to 

those who did not experience childhood maltreatment predicted changes in depressive symptoms 

(b = 2.00, p = 0.006). Similarly, in unadjusted models controlling only for the outcome (i.e., 

inflammation, depressive symptoms, or grief symptoms), differences between those with 

experiences of childhood maltreatment (sexual or non-sexual) compared to those who did not 

experience childhood maltreatment did not predict changes in inflammation (b = -0.11, p = .297) 

or grief symptoms (b = 1.29, p = .063) but did predict changes in depressive symptoms (b = 2.09, 

p = .002). 

In secondary analyses, I compared the group who had experienced sexual maltreatment 

(including those who also experienced other types of maltreatment) to those who had experienced 

non-sexual maltreatment (and had not experienced sexual maltreatment). In adjusted models, 

differences between the sexual maltreatment group and non-sexual maltreatment group did not 

predict changes in inflammation (b = 0.16, p = .394), depressive symptoms (b = 1.37, p = .338), 

or grief symptoms (b = 0.70, p = .663). In unadjusted models, differences between the sexual 

maltreatment group and non-sexual maltreatment group did not predict changes in inflammation 

(b = 0.12, p = .493), depressive symptoms (b = 1.04, p = .451), or grief symptoms (b = 0.89, p = 

.555).  

Main effect of heart rate variability, cognitive reappraisal, and expressive 

suppression. Finally, I examined the main effect of each moderator on the outcomes of interest. I 

first examined the impact of heart rate variability on inflammation, depressive symptoms, and grief 

symptoms in adjusted and unadjusted models. In adjusted models, heart rate variability predicted 
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changes in inflammation (b = -0.01, p = .049, but not changes in depressive symptoms (b < 0.01, 

p = .801) or grief symptoms (b < 0.01, p = .881) (Table 4). Similarly, in unadjusted models, heart 

rate variability predicted changes in inflammation (b = -0.01, p = .039, but not changes in 

depressive symptoms (b = 0.01, p = .781) or grief symptoms (b < 0.01, p = .844). I then examined 

the impact of cognitive reappraisal on inflammation, depressive symptoms, and grief symptoms in 

adjusted and unadjusted models. In adjusted models, cognitive reappraisal predicted changes in 

depressive symptoms (b = -0.12, p = .015, but not changes in inflammation (b = -0.01, p = .122) 

or grief symptoms (b = -0.05, p = .352) (Table 5). Unadjusted model showed a similar pattern; 

cognitive reappraisal predicted changes in depressive symptoms (b = -0.10, p = .050, but not 

changes in inflammation (b = -0.01, p = .149) or grief symptoms (b = -0.03, p = .535). Finally, I 

examined the impact of expressive suppression on inflammation, depressive symptoms, and grief 

symptoms (adjusted models in Table 6). Expressive suppression did not predict changes in 

inflammation (adjusted: b = -0.01, p = .403; unadjusted: b = -0.01, p = .307), depressive symptoms 

(adjusted: b = -0.02, p = .742; unadjusted: b = -0.05, p = .497)  or grief symptoms (adjusted: b = -

0.07, p = .353; unadjusted: b = -0.06, p = .353) in adjusted models (Table 6) or unadjusted models.  

Aim 1: Evaluate the interaction of childhood maltreatment and heart rate variability.  

In hypotheses 1a, 1b, and 1c, I examined whether or not heart rate variability moderated 

the impact between childhood maltreatment and  a) inflammation, b) depressive symptoms, and c) 

grief symptoms. First, I examined these hypotheses using the average score from the subscales. I 

first tested hypothesis 1a and examined how heart rate variability impacted the relationship of 

childhood maltreatment and inflammation over 3 time points (approximately 3 months following 

the death of the spouse, to approximately 4 months following the death of a spouse, to 

approximately 6 months following the death of the spouse) and found no significant relationship 
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in adjusted models (b < 0.01, p = 0.834) or unadjusted models (b < 0.01, p = 0.980). I then tested 

hypothesis 1b and examined how childhood maltreatment and heart rate variability interacted to 

predict depressive symptoms over time. There was no significant interaction between childhood 

maltreatment and heart rate variability predicting depressive symptoms over time in adjusted 

models (b = -0.01, p = .381) or unadjusted models (b = -0.01, p = .418). To test hypothesis 1c, I 

tested whether or not heart rate variability moderated the relationship of childhood maltreatment 

and grief symptoms over time in adjusted and unadjusted models. Using adjusted models, heart 

rate variability moderated the relationship of childhood maltreatment and grief symptoms across 

the 3 timepoints (b = -0.05, p = .002) (Figure 1). Specifically, participants with higher HRV (1 

standard deviation above the mean) had a negative relationship between childhood maltreatment 

and grief (b = -0.82, p < .001), while participants with lower HRV (1 standard deviation below the 

mean) had a positive relationship between childhood maltreatment and grief symptoms (b = 0.95, 

p < .001). In unadjusted models, I found similar results such that heart rate variability moderated 

the relationship of childhood maltreatment and grief symptoms across 3 timepoints, (b = -0.05, p 

= .001), such that participants with higher HRV (1 standard deviation above the mean) had a 

negative relationship between childhood maltreatment and grief (b = -0.71, p < .001), while 

participants with lower HRV (1 standard deviation below the mean) had a positive relationship 

between childhood maltreatment and grief (b = 1.01, p < .001). The regression tables utilized in 

testing hypothesis 1a, 1b, and 1c are reflected in Table 7.   

In ancillary analyses, I ran a three-way-interaction to test the interaction of childhood 

maltreatment (using the continuous, average subscale score method), heart rate variability, and 

days since the first time point to examine whether or not this relationship also interacted with time 
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to predict grief symptoms. There was no 3-way interaction between childhood maltreatment, heart 

rate variability, and days since the first time-point to predict grief symptoms, (b < 0.01, p = .987) 

Aim 1: Evaluate the interaction of childhood maltreatment and heart rate variability [using 

the Walker cut-score method].  

I then tested hypotheses 1a, 1b, and 1c using the Walker cut-score methods to see how the 

case-categorical approach differed from the continuous, average subscale score method. I first 

examined those who had experienced no maltreatment compared to those either in the sexual 

maltreatment group or the non-sexual maltreatment group. Using this approach, the interaction of 

childhood maltreatment (no maltreatment group vs sexual and non-sexual maltreatment groups 

combined) and heart rate variability did not predict changes in inflammation (adjusted: b < 0.01, 

p = .808, unadjusted: b < 0.01, p = .612), depressive symptoms (adjusted: b = -0.02, p = .561, 

unadjusted: b = -0.01, p = .824), or grief symptoms (adjusted: b = -0.04, p = .302, unadjusted: b = 

-0.03, p = .370) in adjusted models or unadjusted models. In secondary analyses, I examined those 

who had experienced sexual maltreatment (including those who also experienced other types of 

maltreatment) compared to those who experienced non-sexual maltreatment (and had not 

experienced sexual maltreatment). The interaction of type of childhood maltreatment and heart 

rate variability did not predict changes in inflammation (adjusted: b = 0.01, p = .562, unadjusted: 

b = 0.01, p = .298), depressive symptoms (adjusted: b = -0.05, p = .454, unadjusted: b = -0.06, p = 

.401), or grief symptoms (adjusted: b = -0.02, p = .786, unadjusted: b = -0.04, p = .577). 

Aim 2: Evaluate the interaction of childhood maltreatment and emotion regulation strategies 

(i.e., cognitive reappraisal).  

In hypotheses 2a, 2b, and 2c, I examined whether or not cognitive reappraisal moderated 

the relationship between childhood maltreatment and a) inflammation, b) depressive symptoms, 



 

 

42 

and c) grief symptoms. To test hypothesis 2a, I examined whether or not cognitive reappraisal 

moderated the relationship of childhood maltreatment and inflammation in adjusted and 

unadjusted models. There was no interaction between childhood maltreatment and cognitive 

reappraisal to predict inflammatory levels in the adjusted model,  (b < 0.01, p = .578) or the 

unadjusted model,  (b < 0.01, p = .710). When testing hypothesis 2b, the interaction between 

childhood maltreatment and cognitive reappraisal to predict depressive symptoms, there was a 

moderately significant interaction between childhood maltreatment and cognitive reappraisal that 

predicted depressive symptoms in the adjusted model (b = -0.04, p = .059), such that participants 

who used more cognitive reappraisal (1 standard deviation above the mean) had a less positive 

relationship between childhood maltreatment and depression (b = 0.32, p < .001) compared with 

participants who used less cognitive reappraisal (1 standard deviation below the mean) (b = 0.99, 

p < .001) (Figure 2). In unadjusted models, cognitive reappraisal significantly moderated the 

relationship between childhood maltreatment and depressive symptoms (b = -0.05, p = .036), such 

that participants who used more cognitive reappraisal (1 standard deviation above the mean) had 

a less positive relationship between childhood maltreatment and depression (b = 0.34, p < .001) 

compared with participants who used less cognitive reappraisal (1 standard deviation below the 

mean) (b = 0.97, p < .001). I then tested hypothesis 2c, the interaction between childhood 

maltreatment and cognitive reappraisal to predict grief symptoms. Cognitive reappraisal did not 

moderate the relationship between childhood maltreatment and grief symptoms in adjusted models 

(b = -0.03, p = .209), or unadjusted models (b = -0.04, p = .126). The statistical analyses tested in 

hypothesis 2a, 2b, and 2c are reflected in Table 8. 

In ancillary analyses, I ran a three-way-interaction to test the interaction of childhood 

maltreatment, cognitive reappraisal, and days since the first time point predicting depressive 
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symptoms to examine whether or not this relationship also interacted with time. There was no 3-

way interaction between childhood maltreatment, heart rate variability, and days since the first 

time-point to predict depressive symptoms (b < 0.01, p = .994) 

Aim 2: Evaluate the interaction of childhood maltreatment and emotion regulation strategies 

(i.e., expressive suppression).  

In order to test hypotheses 2d, 2e, and 2f, I examined whether expressive suppression 

moderated the relationship between childhood maltreatment and d) inflammation, e) depressive 

symptoms, and f) grief symptoms. Expressive suppression did not moderate the relationship 

between childhood maltreatment and inflammation in the adjusted model, (b < 0.01, p = .620) or 

unadjusted model (b < 0.01, p = .884). Furthermore, there was no interaction between childhood 

maltreatment and expressive suppression to predict depressive symptoms in the adjusted model (b 

= -0.03, p = .308) or unadjusted model (b = -0.03, p = .410). Finally, expressive suppression did 

not moderate the relationship between childhood maltreatment and grief symptoms in the adjusted 

model (b = -0.03, p = .331) or unadjusted model (b = -0.03, p = .385). The statistical analyses 

tested in hypothesis 2d, 2e, and 2f are reflected in Table 9. 

Aim 2: Evaluate the interaction of childhood maltreatment and emotion regulation strategies 

[using the Walker cut-score method].  

After testing hypotheses 2a, 2f by using the continuous approach, I tested the hypotheses 

using the Walker cut-score methods to see how the case-categorical approach would impact my 

results. I first tested hypotheses 2a, 2b, and 2c, examining those who had experienced no 

maltreatment compared to those either in the sexual maltreatment group or the non-sexual 

maltreatment group. Using this approach, the interaction of childhood maltreatment (no 

maltreatment group vs sexual and non-sexual maltreatment groups combined) and cognitive 
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reappraisal did not predict changes in inflammation (adjusted: b = -0.02, p = .302, unadjusted: b = 

-0.01, p = .657) or depressive symptoms (adjusted: b < 0.01, p = .987, unadjusted: b = -0.06, p = 

.611). However, the interaction of childhood maltreatment and cognitive reappraisal moderately 

predicted changes in grief symptoms (b = -0.23, p = .057) in adjusted models and significantly 

predicted changes in grief symptoms in unadjusted models (b = -0.27, p = .018), such that those 

with high cognitive reappraisal had a negative relationship between childhood maltreatment and 

grief (adjusted: b = -0.39, p < .001; unadjusted: b = -0.45, p < .001) and those with low cognitive 

reappraisal had a positive relationship between childhood maltreatment and grief (adjusted: b = 

2.62, p < .001; unadjusted: b = 3.09, p < .001) 

In secondary analyses, I tested hypotheses 2a, 2b, and 2c, examining those who had 

experienced sexual maltreatment (including those who also experienced other types of 

maltreatment) compared to those who experienced non-sexual maltreatment (and had not 

experienced sexual maltreatment). The interaction of type of childhood maltreatment and cognitive 

reappraisal did not predict changes in inflammation (adjusted: b = 0.01, p = .747, unadjusted: b = 

-0.01, p = .838), depressive symptoms (adjusted: b = -0.31, p = .287, unadjusted: b = -0.39, p = 

.116), or grief symptoms (adjusted: b = 0.17, p = .631, unadjusted: b = 0.07, p = .813). 

I then tested hypotheses 2d, 2e, and 2f, examining those who had experienced no 

maltreatment compared to those either in the sexual maltreatment group or the non-sexual 

maltreatment group. Using this approach, the interaction of childhood maltreatment (no 

maltreatment group vs sexual and non-sexual maltreatment groups combined) and expressive 

suppression did not predict changes in inflammation (adjusted: b = 0.01, p = .617, unadjusted: b = 

0.02, p = .272), depressive symptoms (adjusted: b = -0.04, p = .770, unadjusted: b = -0.05, p = 

.702), or grief symptoms (adjusted: b = -0.24, p = .090, unadjusted: b = -0.24, p = .073).  
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In secondary analyses, I examined those who had experienced sexual maltreatment 

(including those who also experienced other types of maltreatment) compared to those who 

experienced non-sexual maltreatment (and had not experienced sexual maltreatment). The 

interaction of type of childhood maltreatment and expressive suppression did not predict changes 

in inflammation (adjusted: b = 0.04, p = .433, unadjusted: b = -0.01, p = .814), depressive 

symptoms (adjusted: b = 0.31, p = .396, unadjusted: b = 0.34, p = .285), or grief symptoms 

(adjusted: b = 0.29, p = .471, unadjusted: b = 0.34, p = .313). 

In post-hoc analyses, I tested my hypothesis while also accounting for length of marriage 

in the adjusted model to test whether the length of marriage impacted my findings. Controlling for 

length of marriage did not change the pattern of the results in the original analysis when examining 

the interaction between childhood maltreatment and heart rate variability predicting inflammation 

(b < .01, p = .835), childhood maltreatment and heart rate variability predicting depressive 

symptoms (b < .01, p = .441), or childhood maltreatment and heart rate variability predicting grief 

symptoms (b = - .04, p = .002). Additionally, adding length of marriage as a covariate did not 

change the pattern of the original findings when examining the interaction between childhood 

maltreatment and cognitive reappraisal predicting inflammation (b < .01, p = .572), childhood 

maltreatment and cognitive reappraisal predicting depressive symptoms (b < .01, p < .001 ), or 

childhood maltreatment and cognitive reappraisal predicting grief symptoms (b = - .02, p = .326). 

Finally, controlling for length of marriage did not change the pattern of the original findings when 

examining the interaction between childhood maltreatment and expressive suppression predicting 

inflammation (b < .01, p = .648) or childhood maltreatment and expressive suppression predicting 

grief symptoms (b = - .03, p = .253), but the interaction of childhood maltreatment and expressive 
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suppression did predict depressive symptoms when adding length of marriage to the adjusted 

model (b < .01, p = .029) 

In summary, heart rate variability moderated the relationship between childhood 

maltreatment and grief over 3 time points. Specifically, participants with higher HRV showed a 

negative relationship between childhood maltreatment and grief, while participants with lower 

HRV showed a positive relationship between childhood maltreatment and grief. However, heart 

rate variability did not moderate the relationship between childhood maltreatment and 

inflammation or childhood maltreatment and depressive symptoms. Cognitive reappraisal 

moderated the relationship between childhood maltreatment and depressive symptoms over time, 

such that participants who used more cognitive reappraisal had a less positive relationship between 

childhood maltreatment and depression compared with participants who used less cognitive 

reappraisal strategies. However, cognitive reappraisal did not moderate the relationship between 

childhood maltreatment and inflammation or childhood maltreatment and grief symptoms. 

Expressive suppression did not moderate the relationship of childhood maltreatment and 

inflammation, childhood maltreatment and depressive symptoms, or childhood maltreatment and 

grief symptoms. 

Discussion 

In the present study, I investigated how self-regulatory processes, including heart rate 

variability and emotion regulation, impact the relationship childhood maltreatment has on 

physiological and psychological dysregulation over the first 6 months of bereavement. First, I 

found that heart rate variability significantly moderated the relationship childhood maltreatment 

had on grief symptoms over time using 3 time points, approximately 3 months following the death 

of the spouse, approximately 4 months after the death of the spouse, and approximately 6 months 
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after the death of the spouse. Specifically, participants who had higher HRV showed a negative 

relationship between childhood maltreatment and grief, compared with participants who had lower 

HRV, which showed a positive relationship between childhood maltreatment and grief. 

Additionally, there was a moderately significant interaction of childhood maltreatment and 

cognitive reappraisal predicting depressive symptoms over time using 3 time points 

(approximately 3 months following the death of the spouse, approximately 4 months after the death 

of the spouse, and approximately 6 months after the death of the spouse), such that participants 

who used more cognitive reappraisal had a less positive relationship between childhood 

maltreatment and depression compared with participants who used less cognitive reappraisal 

strategies. Moreover, greater childhood maltreatment predicted higher depressive symptoms over 

time. These findings support the current literature on early life stress predicting adverse health 

outcomes later on in life and highlight how the body and mind’s self-regulatory systems can impact 

these relationships. 

Childhood maltreatment has been shown to lead to adverse physical and psychological 

health outcomes later on in life (Leonard, 2007; Miller et al., 2011; Raison et al., 2006). Given 

these adverse health outcomes occur years and even decades after the initial experience of 

childhood maltreatment, it is crucial to identify factors that can mitigate the impact that early life 

stress has on the development of health issues. Since up to half of adults have experienced 

childhood maltreatment (Walker, Unutzer, et al., 1999) this places a large part of our population 

at increased risk of developing chronic diseases and psychopathologies. Intervening before early 

life stress can manifest as adverse health outcomes later in life can dramatically lower the disease 

burden of chronic diseases and psychopathologies among those who have experienced childhood 
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maltreatment. Thus, the current study can help identify important points of intervention to limit 

the impact of physiological and psychological dysregulation following the loss of the spouse. 

Mechanistically, early life stress exerts its effects on health, in part, by disrupting the 

body’s ability to regulate itself. The biological embedding model of adversity illustrates how 

stressors that occur during sensitive periods of development impact the proper development of 

physiological systems, which can lead to disease later in life (Miller et al., 2011). Early life stress 

disrupts the development of our body’s regulatory system, which can lead to physiological and 

psychological dysregulation, particularly when facing a stressor later in life (Ellis et al., 2005; 

Gunnar et al., 2001, 2003). The constant dysregulation that results from early life stress promotes 

increased stress sensitivity, which can lead to further adverse health outcomes down the road. 

People who have experienced early life stress have a larger than normal response to threat, which 

can promote physiological and psychological dysregulation (Glaser et al., 2006). Further, the 

physiological and psychological dysregulation that results from early life stress has far-reaching 

effects on health.  

Given that early life stress promotes sensitivity to stress, there may be a lower threshold at 

which stress causes adverse physical and mental health outcomes (Harkness et al., 2006; Hazel et 

al., 2008; Kendler et al., 2004). Thus, it is crucial to understand how highly-stressed, vulnerable 

populations may face acute stressors later in life. Importantly, bereavement is one of the most 

stressful life events that a person can encounter, and depression after the loss of a spouse is quite 

common (Clayton, 1990; Stroebe et al., 2007). Indeed, DSM-IV included a “bereavement 

exclusion,” which prevented bereaved individuals from qualifying for a diagnosis of depression 

within the first few months after their loss (Pies, 2014). However, the DSM-5 removed this 

exclusion from its diagnostic criteria for depression (Pies, 2014). While facing bereavement is a 
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stressful experience for all, people experiencing bereavement who also have a history of early life 

stress are at increased risk for developing increased inflammation or psychopathologies (Chen et 

al., 2019) Determining factors that can mitigate the impact of early life stress on the bereavement 

experience can protect this vulnerable population. 

The neurovisceral integration model lays the framework for how the body’s regulatory 

systems can be indexed through heart rate variability. Given that early life stress affects health 

outcomes by preventing the body from being able to regulate itself properly, I hypothesized that 

greater physiological self-regulatory ability (as indexed by HRV) would moderate the relationship 

between early-life stress and physiological and psychological dysregulation (i.e., hypotheses 1a 

1b, 1c. In accordance with hypothesis 1c, HRV moderated the relationship between childhood 

maltreatment and grief symptoms. Specifically, participants with higher HRV showed a negative 

relationship between childhood maltreatment and grief symptoms; participants with lower HRV 

showed a positive relationship between childhood maltreatment and grief symptoms. Given the 

relationship of grief symptoms on negative health outcomes (Prigerson et al., 1995), this study is 

timely in understanding mechanisms that may underlie how an individual responds to stress early 

in life and later in life.  

While the interaction of childhood maltreatment and heart rate variability predicting grief 

met our expectations (hypotheses 1c) that those who have a history of childhood maltreatment and 

have high vagally mediated heart rate variability will have lower grief symptoms over 3 time 

points, some parts of the analysis did not match our initial expectations. First, childhood 

maltreatment did not predict changes in grief symptoms over time. However, participants who had 

higher HRV showed a negative relationship between childhood maltreatment and grief, compared 

with participants who had lower HRV, which showed a positive relationship between childhood 
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maltreatment and grief. Notably, I did not expect the negative relationship between childhood 

maltreatment and grief among those with high HRV, implying that higher levels of childhood 

maltreatment are associated with lower levels of grief in bereavement for individuals with high 

HRV. The negative relationship between childhood maltreatment and grief symptoms among those 

with higher HRV may have emerged because HRV functions as a resilience factor that protects 

against grief symptoms, particularly among those who have experienced childhood maltreatment. 

If someone has already experienced early life stress and has managed to maintain high self-

regulatory ability, their experience of early life stress could be seen as a protective factor when it 

comes to experiencing grief. In other words, higher self-regulatory ability among those who have 

experienced childhood maltreatment may help bereaved individuals as they adjust to life without 

their spouse, which can lower symptoms of grief. Further studies should be done to replicate this 

finding and determine the possible mechanisms underlying these relationships. 

Contrary to hypotheses 1a and 1b, the data did not support my premise that heart rate 

variability moderates the relationship between childhood maltreatment and inflammation or 

childhood maltreatment and depressive symptoms. Previous meta-analyses indicate that childhood 

maltreatment is associated with future depression and inflammation (Coelho et al., 2014; Nelson 

et al., 2017). Additionally, previous studies show that both depression and inflammation are 

negatively associated with heart rate variability and have identified heart rate variability as a 

potential moderator of the relationship between childhood maltreatment and future pathologies 

(Haensel et al., 2008; Kemp et al., 2010. Moreover, previous work has shown that heart rate 

variability moderated the relationship between childhood maltreatment and inflammation after an 

acute stressor (Tell et al., 2018), and heart rate variability also moderated the relationship between 

childhood maltreatment and suicidal ideation (Duprey et al., 2019). However, our results did not 
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support that heart rate variability moderated the relationship between childhood maltreatment and 

inflammation or childhood maltreatment and depressive symptoms.  

Given that heart rate variability moderated the relationship between childhood 

maltreatment and grief rather than childhood maltreatment and inflammation or childhood 

maltreatment and depressive symptoms, it is plausible that grief symptoms, rather than 

inflammation and depressive symptoms, may be more likely to decrease with higher heart rate 

variability because heart rate variability is limited in the impact it may have on mitigating 

psychological and physiological dysregulation after the loss of the spouse. As such, the interaction 

of childhood maltreatment and heart rate variability may explain why grief symptoms over time 

are mitigated, but not depression or inflammation, as bereaved individuals are still placed under 

an enormous amount of stress during bereavement. In addition, grief symptoms may be a more 

direct symptom of bereavement than inflammation or depressive symptoms following the loss of 

a spouse. Specifically, changes in inflammation and depressive symptoms may be more 

downstream (i.e., occurring later in the bereavement process), while changes in grief symptoms 

may be more salient and immediate following the loss of a spouse. Thus, the interaction of 

childhood maltreatment and heart rate variability following the loss of a spouse may have a much 

more direct effect on grief symptoms, whereas the effect of childhood maltreatment and heart rate 

variability on depressive symptoms and inflammation may emerge much later in the bereavement 

process. 

Additionally, childhood maltreatment and heart rate variability may impact grief symptoms 

more so than depressive symptoms because of the impact of attachment on these processes that 

may more directly impact grief than depressive symptoms. Specifically, individuals who have 

experienced greater maltreatment may have greater attachment dysregulation due to separation 
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stress from the loss of the spouse. As such, the loss of a spouse may also represent the loss of an 

attachment figure, so grieving the loss of the spouse may be more salient to those who have 

experienced childhood maltreatment and attachment dysregulation. Similarities between the 

interpersonal trauma associated with childhood maltreatment and with grief after the loss of the 

spouse, rather than depressive symptoms, may explain why these findings emerge with changes in 

grief symptoms, rather than changes in depressive symptoms. For instance, grief after the loss of 

a spouse may be more directly related to the social bond and attachment aspect also salient to those 

who have experienced childhood maltreatment compared to depressive symptoms or 

inflammation.  

In addition to examining heart rate variability as a moderator, I also examined emotion 

regulation to understand how specific emotion regulatory strategies impacted the relationship of 

early life stress on health outcomes during stress later in life. I first examined cognitive reappraisal 

as a moderator on the relationship between childhood maltreatment and inflammation, depressive 

symptoms, and grief symptoms (i.e., hypotheses 2a, 2b, 2c). Cognitive reappraisal moderated the 

relationship between childhood maltreatment and depression, such that participants who used more 

cognitive reappraisal had a less positive relationship between childhood maltreatment and 

depression compared with participants who used less cognitive reappraisal strategies. In 

accordance with hypothesis 2b, cognitive reappraisal buffered the relationship between childhood 

maltreatment and depressive symptoms such that those who had a history of childhood 

maltreatment and more frequently engaged in cognitive reappraisal had lower depressive 

symptoms over 3 time points than those who less frequently engage in cognitive reappraisal.  

When examining the relationship of childhood maltreatment and the outcomes of interest 

(i.e., inflammation, depressive symptoms, and grief symptoms), I found that childhood 
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maltreatment was associated with higher depressive symptoms over time. However, if participants 

used higher levels of cognitive reappraisal, they had a less positive relationship between early life 

stress and depressive symptoms than those who used lower levels of cognitive reappraisal. 

Moreover, if they used less cognitive reappraisal, then they had a more positive relationship 

between early life stress and depressive symptoms. Given these findings, the use of cognitive 

reappraisal as an emotion regulation strategy could be used as an intervention to protect highly 

stressed populations who have a history of early life stress to mitigate the risk of developing 

chronic diseases and psychopathologies. Even though early life stress leads to a lower ability to 

self-regulate, the use of this specific emotion regulation strategy could make up for their lower 

self-regulatory ability, which could be a resilience factor that protects from depression. This effect 

is especially beneficial in bereaved populations since depression is a common outcome after the 

loss of a spouse, with up to 50% of bereaved individuals meeting the criteria for a major depressive 

episode. If cognitive reappraisal could be utilized in an intervention for bereaved populations, there 

may be potential to lower the incidence of major depressive disorder in bereaved populations and 

possibly prevent the development of further pathologies such as complicated grief. 

While cognitive reappraisal did moderate the relationship of childhood maltreatment and 

depressive symptoms, there was no interaction effect of childhood maltreatment and cognitive 

reappraisal predicting inflammation or childhood maltreatment and cognitive reappraisal 

predicting grief symptoms (e.g., hypothesis 2a and 2c). Previously, cognitive reappraisal was not 

directly associated with inflammatory biomarkers (Ellis et al., 2019). Additionally, online 

interventions utilizing cognitive reappraisal principles have been used in randomized control trials 

to reduce symptoms of grief in individuals suffering from complicated grief (Wagner et al., 2006). 

However, the current literature does support that cognitive reappraisal can lead to decreased levels 
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of stress and depressive symptoms (Dryman & Heimberg, 2018). Additionally, as mentioned when 

discussing the interaction of childhood maltreatment and heart rate variability, changes in 

inflammation may occur more downstream during the bereavement process, explaining why we 

may only have seen the interaction of childhood maltreatment and cognitive reappraisal predicting 

depressive symptoms, but not predicting inflammation or grief symptoms. 

Finally, I examined expressive suppression as a moderator. Contrary to hypotheses 2d, 2e, 

and 2f, I did not find support that expressive suppression moderated the relationship of childhood 

maltreatment and 1) inflammation, 2) depressive symptoms, or 3) grief symptoms. Typically, 

expressive suppression is associated with lower health outcomes; thus, I hypothesized that 

expressive suppression would exacerbate the relationship childhood maltreatment would have on 

inflammation, depressive symptoms, and grief symptoms. However, the literature surrounding 

expressive suppression has not been as consistent, as the current findings looking at cognitive 

reappraisal predicting health outcomes. Dryman and Heimberg’s (2018) review found a strong 

association between depression and cognitive reappraisal, but they found more mixed results 

between depression and expressive suppression. One plausible explanation may be that the use of 

expressive suppression can show mixed results over time. Typically, expressive suppression is 

associated with lower health outcomes; however, expressive suppression may sometimes be 

adaptive under certain circumstances of stress, causing mixed results when predicting health 

outcomes. As a result, the present study did not find support for expressive suppression as a 

moderator on the relationship between childhood maltreatment and inflammation, depressive 

symptoms, or grief symptoms. 

The present study shows that heart rate variability had a significant impact on the 

bereavement experience (i.e., grief symptoms) when examining the impact childhood 
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maltreatment had on physical and psychological health after the loss of a spouse. Additionally, 

cognitive reappraisal had a moderate impact on the relationship between childhood maltreatment 

and depressive symptoms. While I operationalized psychological dysregulation as depressive 

symptoms and grief symptoms, it is important to note the distinction between depressive symptoms 

and grief symptoms, especially given the present study’s results. Depression is characterized by 

decreased motivation, decreased pleasure, sleep disturbances, decreased self-esteem, decreased 

mood, and increased rumination (Bonanno et al., 2007). Grief has similar symptoms, but these 

symptoms revolve around a specific loss, while depression usually cannot be connected to an 

inciting event (Bonanno et al., 2007). People who are grieving experience sadness due to the 

absence of a loved one, avoidance of situations that can remind them of their loss, and intense 

yearning for the loved one that they have lost. During bereavement, an individual must adjust to a 

new reality without their loved on. As a result, heart rate variability may play a more significant 

role in grief symptoms compared to depressive symptoms over time, as individuals adjust to their 

new life without their spouse throughout the bereavement process. 

Our analyses found partial evidence to support the idea that self-regulatory ability and 

specific emotion regulation strategies moderates the relationship between early life stress and 

physical and physiological dysregulation. This field of research deserves further study to identify 

people who are experiencing bereavement who are particularly at risk for developing disease or 

psychopathology and possibly develop an interventions using emotion regulation strategies to help 

vulnerable individuals. 

Strengths, Limitations & Future Directions 

 This study has several methodological strengths, including the recruitment of a large, hard-

to-reach sample, prospective design, biobehavioral focus, and rigorous protocol. Some weaknesses 
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of the study include the measurement of emotion regulation as a self-report questionnaire on the 

frequency of emotion regulation strategy used. While the frequency of emotion regulation strategy 

used is a useful tool, it may be more helpful to look at success employing the emotion regulation 

strategy. In other words, there may be differences in health outcomes based on how successfully 

an individual may be able to employ cognitive reappraisal and expressive suppression. In addition, 

it may be helpful to see whether employing an emotion regulation strategy intervention may be 

more useful in predicting health outcomes. Future directions of this work may include looking at 

interventions that may be able to mitigate the negative impacts that childhood maltreatment may 

have on older adults when facing stress later in life (i.e., spousal bereavement). Interventions that 

may lead to increased heart rate variability or greater use of cognitive reappraisal may then limit 

the impact childhood maltreatment has on grief symptoms and depressive symptoms, respectively, 

after facing the loss of a spouse. Moreover, future directions may look at other constructs of early 

life stress, including living in a low-SES environment, rather than childhood maltreatment, to 

better understands the effects of different types of early life stress on stress later in life. 

Additionally, examining the impact of early life stress among a chronically stressed population 

(i.e., spousal caregivers), rather than those who have just experienced a stressful life event could 

also provide greater insight into how early life experiences may impact health outcomes due to 

stress over time.  

Conclusion 

In the present study, I examined how risk and resilience factors impact the relationship of 

early life stress to predict physical and mental health outcomes across the lifespan. I found that 

childhood maltreatment interacted with heart rate variability to predict changes in grief symptoms 

over time. Additionally, childhood maltreatment moderately interacted with cognitive reappraisal 
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to predict changes in depressive symptoms over time. Thus, both physiological and psychological 

measures of self-regulation impacted adverse health outcomes following bereavement, an 

extremely stressful life event. Future studies can continue to explore interventions to promote 

physiological and psychological self-regulation by promoting high heart rate variability and 

cognitive reappraisal use in order to buffer the impact of childhood maltreatment on inflammation, 

depressive, and grief symptoms following the loss of a spouse. 
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Figure 1 
 
Interaction of Childhood Maltreatment and Heart Rate Variability Predicting Grief Symptoms 
Over Time (+ 1 SD above/below the mean) 
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Figure 2 
 
Interaction of Childhood Maltreatment and Cognitive Reappraisal Predicting Depressive 
Symptoms Over Time (+ 1 SD above/below the mean) 
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Appendix 

The following reflects the statistical analysis plan from the original master's proposal. We 

decided to alter the statistical analysis plan to include an extra time point that was collected earlier 

than expected. We modified the original data analysis plan from a residualized change framework 

over 2 time-points to reflect a mixed model framework across 3 time-points to involve more 

longitudinal data using a more sophisticated technique. These changes did not affect the aims or 

hypotheses, except for changing the aims to reflect the new time point. The current thesis reflects 

the new statistical analysis plan (using the mixed model framework); however, I have also run the 

analysis of my original residualized change framework and reported the results in this appendix. 

Below, I have included only the parts of the original statistical plan that differ from the updated 

statistical plan and the corresponding results using the residualized change framework. 

Statistical Analysis 

To test hypothesis 1 using the initially proposed method, I used hierarchical multiple 

regression to test whether or not the interaction of childhood maltreatment and heart rate variability 

predicted change in inflammation from T1 (3 months after the loss of the spouse) to T2 (4 months 

after the loss of the spouse), change in depressive symptoms from T1 to T2, and change in grief 

symptoms from T1 to T2. I regressed T2 inflammation on T1 inflammation to reflect residualized 

change from T1 to T2 and repeated this same procedure for depressive symptoms and grief 

symptoms. I then added all independent variables (i.e., covariates) into the model. Childhood 

maltreatment, heart rate variability, and the interaction between childhood maltreatment and heart 

rate variability were entered as predictors to test for moderation 

For hypothesis 2, I used hierarchical multiple regression to test whether or not the 

interaction of childhood maltreatment and emotion regulation strategy (i.e., cognitive reappraisal 
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and expressive suppression) predicted change in inflammation from T1 to T2, change in depressive 

symptoms from T1 to T2, and change in grief symptoms from T1 to T2. For each outcome (i.e., 

inflammation, depressive symptoms, and grief symptoms), I regressed the outcome at T2 on the 

outcome at T1 to reflect residualized change from T1 to T2. I then added all independent variables 

into the model. Childhood maltreatment, cognitive reappraisal, and the interaction between 

childhood maltreatment and cognitive reappraisal were entered as predictors to test for moderation 

for hypotheses 2a-2c; childhood maltreatment, expressive suppression, and the interaction between 

childhood maltreatment and expressive suppression were entered as predictors to test for 

moderation for hypotheses 2d-2f. 

Per my hypotheses, I examined whether childhood maltreatment interacted with heart rate 

variability (hypotheses 1a-1c), cognitive reappraisal (hypotheses 2a-2c), or expressive suppression 

(hypotheses 2d-2f) to predict changes in our inflammatory cytokines composite, depressive 

symptoms, and grief symptoms from our first-time point (approximately 3 months following the 

loss) to our following timepoint (approximately 4 months following the loss). l utilized a 

residualized change approach rather than a raw change approach to account for baseline 

differences in inflammatory levels. To test for moderation, I used the method recommended by 

Aiken and West (1991) and created an interaction term and used the product in the hierarchical 

multiple regression to test for moderation. Additionally, I examined the main effect of childhood 

maltreatment on changes in inflammation, depressive symptoms, and grief symptoms using a 

residualized change framework in unadjusted and adjusted models. Finally, I assessed significant 

interaction effects with simple slopes analyses. 

For each analysis, I ran both unadjusted and adjusted regression models. In the adjusted 

models, I controlled for age, BMI, sex, income, education, days since passing, total physical 
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activity, sleep quality, comorbidities, nicotine use, and the outcome at baseline as standard 

procedure in biologically oriented fields (Fagundes et al., 2017). Zero-order correlations assessed 

the relationships between childhood maltreatment, heart rate variability, emotion regulation, 

inflammation at T1 (approximately 3 months after the loss), inflammation at T2 (approximately 4 

months after the loss), and all continuous covariates.  

Preliminary Analyses 

Descriptive statistics and correlations. All outcomes (inflammation, depressive 

symptoms, and grief symptoms) were measured at approximately 3 months following the death of 

the spouse and approximately 4 months following the death of the spouse. Descriptive statistics 

and correlations between the variables of interest can be found in Table A1.  

Main effect of childhood maltreatment. Prior to testing the hypotheses, I examined the 

main effect of childhood maltreatment on the outcomes of interest: inflammation, depressive 

symptoms, and grief, using residualized change from T1 to T2. I first examined the continuous 

measure of childhood maltreatment, calculated by averaging the subscale totals. In the adjusted 

models, childhood maltreatment was moderately associated with changes in inflammation (b = 

0.01, p = .063), significantly associated with changes in depressive symptoms (b = 1.03, p < .001), 

and significantly associated with changes in grief symptoms (b = 0.42, p < .001). Full adjusted 

analyses of the main effect of childhood maltreatment on inflammation, depressive symptoms, and 

grief symptoms can be found in Table A2. In unadjusted models, controlling only for the outcome 

variable at baseline, childhood maltreatment was not associated with changes in inflammation (b 

= -0.01, p = .185), positively associated with depressive symptoms (b = 1.05, p < .001), and 

positively associated with grief symptoms (b = 0.56, p < .001).  
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I utilized the Walker cut-score methods to see how calculating childhood maltreatment 

using the case-categorical approach differed from the continuous, average subscale score method. 

In the primary analyses, I compared the group who had not experienced maltreatment to those who 

had experienced either sexual maltreatment or non-sexual maltreatment. Using this approach, 

differences between those with experiences of childhood maltreatment (sexual or non-sexual) 

compared to those who did not experience childhood maltreatment predicted changes in 

inflammation, (b = -0.23, p <.001), depressive symptoms (b = 3.66, p < .001), and grief symptoms 

(b = 2.48, p < .001) in adjusted models. Similarly, in unadjusted models, differences between those 

with experiences of childhood maltreatment (sexual or non-sexual) compared to those who did not 

experience childhood maltreatment predicted changes in inflammation (b = -0.21,  p < .001), 

depressive symptoms (b = 3.84, p < .001), and grief symptoms (b = 2.70, p < .001). 

In secondary analyses, I compared the group who had experienced sexual maltreatment 

(including those who also experienced other types of maltreatment) to those who had experienced 

non-sexual maltreatment (and had not experienced sexual maltreatment). In adjusted models, 

differences between the sexual maltreatment group and non-sexual maltreatment group predicted 

changes in inflammation (b = 0.51, p < .001) and grief symptoms (b = -0.63, p = .013; however, 

differences between the two groups did not predict changes in depressive symptoms (b = -0.21, p 

= .422). In unadjusted models, differences between the sexual maltreatment group and non-sexual 

maltreatment group predicted changes in inflammation (b = 0.31, p < .001), but did not predict 

changes in depressive symptoms (b = 0.20, p = .470),or grief symptoms (b = 0.15, p = 0.605).  

Aim 1: Evaluate the interaction of childhood maltreatment and heart rate variability.  

In hypotheses 1a, 1b, and 1c, I examined whether or not heart rate variability moderated 

the impact between childhood maltreatment and  a) inflammation, b) depressive symptoms, and c) 
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grief symptoms. First, I examined these hypotheses using the average score from the subscales. I 

first tested hypothesis 1a and examined how heart rate variability impacted the relationship of 

childhood maltreatment and inflammation using residualized change over 2 time points 

(approximately 3 months following the death of the spouse to approximately 4 months following 

the death of a spouse) and found no significant relationship in adjusted models (b < 0.01, p = 

0.898) or unadjusted models (b < 0.01, p = 0.283). I then tested hypothesis 1b and examined how 

childhood maltreatment and heart rate variability interacted to predict depressive symptoms over 

time. There was a significant interaction between childhood maltreatment and heart rate variability 

predicting depressive symptoms over time in adjusted models (b = -.01, p <.001) (Figure A1) and 

unadjusted models (b = -.01, p <.001), such that those with higher heart rate variability had a less 

positive relationship between childhood maltreatment and depressive symptoms (adjusted: b = 

0.77, p <.001; unadjusted: b = 0.81, p <.001) compared to those with lower heart rate variability 

(adjusted: b = 1.28, p <.001; unadjusted: b = 1.25, p <.001).  To test hypothesis 1c, I tested whether 

or not heart rate variability moderated the relationship of childhood maltreatment and grief over 

time in adjusted and unadjusted models. Heart rate variability moderated the relationship of 

childhood maltreatment and grief symptoms using residualized change in adjusted models (b = -

.09, p < .001) (Figure A2) and unadjusted models (b = -.09, p < .001), such that those with higher 

heart rate variability had a negative relationship between childhood maltreatment and grief 

(adjusted: b = -1.27, p <.001; unadjusted: b = -1.12, p <.001) compared to those with lower heart 

rate variability, who had a positive relationship between childhood maltreatment and grief 

(adjusted: b = 2.09, p <.001; unadjusted: b = 2.09, p <.001). The regression tables of the adjusted 

models utilized in testing hypotheses 1a, 1b, and 1c are reflected in Table A3.  
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Aim 1: Evaluate the interaction of childhood maltreatment and heart rate variability [using 

the Walker cut-score method].  

I then tested hypotheses 1a, 1b, and 1c using the Walker cut-score methods to see how the 

case-categorical approach differed from the continuous, average subscale score method. I first 

examined those who had experienced no maltreatment compared to those either in the sexual 

maltreatment group or the non-sexual maltreatment group. Using this approach, the interaction of 

childhood maltreatment (no maltreatment group vs sexual and non-sexual maltreatment groups 

combined) and heart rate variability predicted changes in inflammation (adjusted: b < .01 , p < 

.001, unadjusted: b = -0.01, p < .001), such that those with higher heart rate variability had a more 

negative relationship between childhood maltreatment and inflammation (adjusted: b = -0.28, p < 

.001, unadjusted: b = -0.29, p < .001), than those with lower heart rate variability, who had a less 

negative relationship between childhood maltreatment and inflammation in the adjusted model (b 

= -0.11, p < .001) and did not have a relationship between childhood maltreatment and 

inflammation in the unadjusted models (b = -0.03, p = .212).  

The interaction of childhood maltreatment (no maltreatment group vs sexual and non-

sexual maltreatment groups combined) and heart rate variability also predicted changes in 

depressive symptoms (adjusted: b = -0.02, p = .027, unadjusted: b = -0.02, p = .006). Those with 

higher heart rate variability had a less positive relationship between childhood maltreatment and 

depressive symptoms (adjusted: b = 3.40, p < .001, unadjusted: b = 3.38, p < .001) compared to 

those with lower heart rate variability (adjusted: b = 3.90 , p < .001, unadjusted: b = 4.05, p < 

.001).  

Finally, the interaction of childhood maltreatment (no maltreatment group vs sexual and 

non-sexual maltreatment groups combined) and heart rate variability also predicted changes in 
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grief symptoms (adjusted: b = -0.09, p < .001, unadjusted: b = -0.07, p < .001). Those with higher 

heart rate variability had a less positive relationship between childhood maltreatment and grief 

symptoms (adjusted: b = 0.92, p < .001, unadjusted: b = 1.37, p < .001) compared to those with 

lower heart rate variability (adjusted: b = 4.21 , p < .001, unadjusted: b = 3.99, p < .001). 

In secondary analyses, I examined those who had experienced sexual maltreatment 

(including those who also experienced other types of maltreatment) compared to those who 

experienced non-sexual maltreatment (and had not experienced sexual maltreatment). In these 

analyses, sexual maltreatment was conceptualized as an increased amount of maltreatment 

compared to non-sexual maltreatment.  The interaction of type of childhood maltreatment and 

heart rate variability predicted changes in inflammation (adjusted: b = 0.03, p < .001, unadjusted: 

b = 0.02, p < .001). Those with higher heart rate variability had a more positive relationship 

between type of childhood maltreatment and inflammation (adjusted: b = 1.22, p < .001; 

unadjusted: b = 0.71, p < .001) compared to those with lower heart rate variability (adjusted: b = -

0.16, p = .111; unadjusted: b = -0.09, p = .272), who did not have an association between type of 

childhood maltreatment and inflammation. 

Additionally, the interaction of type of childhood maltreatment and heart rate variability 

predicted changes in depressive symptoms (adjusted: b = -0.19, p < .001, unadjusted: b = -0.25, p 

<.001 ). Those with higher heart rate variability had a negative relationship between type of 

childhood maltreatment and depressive symptoms (adjusted: b = -5.06, p < .001; unadjusted: b = 

-6.38, p < .001) compared to those with lower heart rate variability, who had a positive relationship 

between childhood maltreatment and depressive symptoms (adjusted: b = 3.65, p < .001; 

unadjusted: b = 5.14, p < .001).  
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Finally, the interaction of type of childhood maltreatment and heart rate variability 

predicted changes in grief symptoms (adjusted: b = -0.67, p < .001, unadjusted: b = -0.64, p < 

.001). Those with higher heart rate variability had a negative relationship between type of 

childhood maltreatment and grief symptoms (adjusted: b = -18.8, p < .001; b = -17.5, p < .001) 

compared to those with lower heart rate variability, who had a positive relationship between 

childhood maltreatment and grief symptoms (adjusted: b = 12.4, p < .001; unadjusted: b = 12.2, p 

< .001). 

Aim 2: Evaluate the interaction of childhood maltreatment and emotion regulation strategies 

(i.e., cognitive reappraisal).  

In hypotheses 2a, 2b, and 2c, I examined whether or not cognitive reappraisal moderated 

the relationship between childhood maltreatment and a) inflammation, b) depressive symptoms, 

and c) grief symptoms. To test hypothesis 2a, I examined whether or not cognitive reappraisal 

moderated the relationship of childhood maltreatment and inflammation in adjusted and 

unadjusted models. There was a significant interaction between childhood maltreatment and 

cognitive reappraisal predicting changes in inflammatory levels in the adjusted model  (b < 0.01, 

p < .001) (Figure A3), such that those with high cognitive reappraisal was not associated between 

childhood maltreatment and inflammation (adjusted: b = -0.01, p = .219) while those with low 

cognitive reappraisal had a significant, positive relationship between childhood maltreatment and 

inflammation (adjusted: b = 0.04, p < .001). Similarly, the unadjusted model showed a significant 

interaction between childhood maltreatment and cognitive reappraisal predicting changes in 

inflammatory levels in the adjusted model (b < 0.01, p = .006); however, in the unadjusted model, 

those with high cognitive reappraisal was had a negative relationship between childhood 

maltreatment and inflammation (b = -0.02, p = .021) compared to those with low cognitive 
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reappraisal, who did not have a significant interaction between childhood maltreatment and 

cognitive reappraisal predicting depressive symptoms (b = -0.01, p = .137) 

When testing hypothesis 2b, the interaction between childhood maltreatment and cognitive 

reappraisal to predict depressive symptoms, there was a significant interaction between childhood 

maltreatment and cognitive reappraisal that predicts depressive symptoms in adjusted models, (b 

= -0.04, p < .001) and in unadjusted models, (b = -0.05, p < .001) such that those high cognitive 

reappraisal had a less positive relationship between childhood maltreatment and depression 

(adjusted: b = .79, p <.001, unadjusted: b = 0.78, p < .001) compared to those with low cognitive 

reappraisal (adjusted: b = 1.33, p < .001, unadjusted: b = 1.42, p < .001) (Figure A4).  

I then tested hypothesis 2c, the interaction between childhood maltreatment and cognitive 

reappraisal to predict grief symptoms. Cognitive reappraisal also significantly moderated the 

relationship between childhood maltreatment and grief symptoms in adjusted models, (b = -0.05, 

p < .001), (Figure A5), and unadjusted models, (b = -0.06, p < .001), such that those with high 

cognitive reappraisal had a less positive relationship between childhood maltreatment and grief 

symptoms (adjusted: b = 0.15, p = .001; unadjusted: b = 0.22, p < .001) compared to those with 

low cognitive reappraisal (adjusted: b = 0.75, p < .001; unadjusted: b = 0.97, p < .001). The 

statistical analyses tested in hypothesis 2a, 2b, and 2c are reflected in Table A4.  

Aim 2: Evaluate the interaction of childhood maltreatment and emotion regulation strategies 

(i.e., expressive suppression).  

In order to test hypotheses 2d, 2e, and 2f, I examined whether expressive suppression 

moderated the relationship between childhood maltreatment and d) inflammation, e) depressive 

symptoms, and f) grief symptoms. Expressive suppression significantly moderated the relationship 

between childhood maltreatment and inflammation in adjusted, (b < 0.01, p = .047) (Figure A6), 
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such that those with higher expressive suppression did not have a significant relationship between 

childhood maltreatment and inflammation (b = 0.01, p = .466) and those with lower expressive 

suppression had a positive relationship between childhood maltreatment and inflammation (b = 

0.03, p = .001). However, this interaction between childhood maltreatment and expressive 

suppression predicting inflammation was not significant in unadjusted models, (b < 0.01, p = .258). 

Furthermore, there was a significant interaction between childhood maltreatment and expressive 

suppression to predict depressive symptoms in adjusted, (b = 0.02, p = .027), such that those with 

higher expressive suppression had a more positive relationship between childhood maltreatment 

and depressive symptoms (b = 1.11, p < .001) than those with lower expressive suppression (b = 

0.96, p < .001) (Figure A7). However, the interaction was not significant in unadjusted models, (b 

= 0.01, p = .461). Finally, expressive suppression significantly moderated the relationship between 

childhood maltreatment and grief symptoms in the adjusted, (b = -0.09, p < .001 ) (Figure A8) and 

unadjusted model, (b = -0.11, p < .001), such that those with higher expressive suppression did not 

have a significant interaction between childhood maltreatment and grief symptoms (adjusted: b = 

-0.02, p = .692; unadjusted: b = 0.06, p = .238) and those with lower expressive suppression had a 

positive relationship between childhood maltreatment and grief symptoms (adjusted: b = 0.87, p < 

.001; unadjusted: b = 1.10, p < .001). The statistical analyses tested in hypothesis 2d, 2e, and 2f 

are reflected in Table A5. 

Of note, the significant interaction between childhood maltreatment and expressive 

suppression predicting inflammation and between childhood maltreatment and expressive 

suppression predicting grief symptoms were not in the direction that we hypothesized (Figure A6 

and A8). In summary, the interaction of childhood maltreatment and greater use of expressive 

suppression indicated better health outcomes (i.e., lower inflammation and lower grief symptoms)  
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than those with lower use of expressive suppression. There are several reasons why these 

interactions did not match the directionality of our hypotheses. For instance, though expressive 

suppression is typically associated with lower health outcomes, the use of expressive suppression 

may be adaptive in some cases, particularly when facing the loss of a spouse, particularly early in 

the bereavement experience. Additionally, the way emotion regulation strategies are utilized may 

differ in the early months following the loss of a spouse. In particular, the correlation between 

cognitive reappraisal and expressive suppression was significant (r = .06, p <.01), which is atypical 

in the broader emotion regulation literature. The correlation in this study may be a result of the use 

of emotion regulation strategies when facing an extremely stressful life event. Further research 

should be done to further examine how expressive suppression may impact health outcomes 

following the loss of a spouse. 

Aim 2: Evaluate the interaction of childhood maltreatment and emotion regulation strategies 

[using the Walker cut-score method].  

After testing hypotheses 2a, 2f by using the continuous approach, I tested the hypotheses 

using the Walker cut-score methods to see how the case-categorical approach would impact my 

results. I first tested hypotheses 2a, 2b, and 2c, examining those who had experienced no 

maltreatment compared to those either in the sexual maltreatment group or the non-sexual 

maltreatment group. Using this approach, the interaction of childhood maltreatment (no 

maltreatment group vs sexual and non-sexual maltreatment groups combined) and cognitive 

reappraisal predicted changes in inflammation (adjusted: b = -0.04, p < .001, unadjusted: b = -0.01, 

p = .003). In the adjusted model, those with higher cognitive reappraisal had a negative relationship 

between childhood maltreatment and inflammation (b = -0.44, p < .001) while those with less 

cognitive reappraisal did not have a significant relationship between childhood maltreatment in 
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the adjusted model (b = 0.04, p = .195). In the unadjusted model, those with higher cognitive 

reappraisal had a more negative relationship between childhood maltreatment and inflammation 

(b = -0.69, p < .001) than those with lower cognitive reappraisal (b = -0.13, p < .001).  

Additionally, the interaction of childhood maltreatment (no maltreatment group vs. sexual 

and non-sexual maltreatment groups combined) and cognitive reappraisal predicted changes in 

depressive symptoms (adjusted: b = 0.13, p < .001; unadjusted: b = 0.05, p = .028). Those with 

higher cognitive reappraisal had a more positive relationship with childhood maltreatment and 

depressive symptoms (adjusted: b = 4.45, p < .001, unadjusted: b = 4.16, p  <.001) than those with 

lower cognitive reappraisal (adjusted: b = 2.85, p < .001, unadjusted: b = 3.54, p  <.001).  

Finally, the interaction of childhood maltreatment (no maltreatment group vs sexual and 

non-sexual maltreatment groups combined) and cognitive reappraisal predicted changes in grief 

symptoms (adjusted: b = -0.22, p < .001, unadjusted: b = -0.29, p  <.001). Those with higher 

cognitive reappraisal had a less positive relationship with childhood maltreatment and grief 

symptoms (adjusted: b = 1.23, p < .001, unadjusted: b = 0.95, p  <.001) than those with lower 

cognitive reappraisal (adjusted: b = 3.97, p < .001, unadjusted: b = 4.66, p  <.001). 

In secondary analyses, I tested hypotheses 2a, 2b, and 2c, examining those who had 

experienced sexual maltreatment (including those who also experienced other types of 

maltreatment) compared to those who experienced non-sexual maltreatment (and had not 

experienced sexual maltreatment). In these analyses, sexual maltreatment was conceptualized as 

an increased amount of maltreatment compared to non-sexual maltreatment.  The interaction of 

type of childhood maltreatment and cognitive reappraisal predicted changes in inflammation 

(adjusted: b = 0.07, p < .001, unadjusted: b = -0.02, p = .008). Those with higher cognitive 

reappraisal had a more positive relationship between type of childhood maltreatment and 
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inflammation (adjusted: b = 0.86, p < .001, unadjusted: b = 0.35, p < .001) compared to those with 

lower cognitive reappraisal (adjusted: b = 0.13, p = .010, unadjusted: b = 0.16, p = .011). 

Additionally, the interaction of type of childhood maltreatment and cognitive reappraisal predicted 

changes in depressive symptoms (adjusted: b = -0.61, p < .001, unadjusted: b = -0.67, p < .001). 

Those with higher cognitive reappraisal had a negative relationship between type of childhood 

maltreatment and depressive symptoms (adjusted: b = -3.98, p < .001, unadjusted: b = -4.07, p < 

.001) while those with lower cognitive reappraisal had a positive relationship between type of 

childhood maltreatment and depressive symptoms (adjusted: b = 2.28, p < .001, unadjusted: b = 

2.77, p < .001). 

Finally, the interaction of type of childhood maltreatment and cognitive reappraisal 

predicted changes in grief symptoms (adjusted: b = 0.62, p <.001, unadjusted: b = 0.12, p = .03). 

Those with higher cognitive reappraisal had a positive relationship between type of childhood 

maltreatment and depressive symptoms in the adjusted model (b = 3.05, p < .001) and did not have 

a significant interaction between childhood maltreatment and depressive symptoms in the 

unadjusted model (b = 0.06, p = .898). Conversely, those with lower cognitive reappraisal had a 

negative between type of childhood maltreatment and grief symptoms in the adjusted model (b = 

-3.31, p < .001) and the unadjusted model (b = -1.20, p = .001). 

I then tested hypotheses 2d, 2e, and 2f, examining those who had experienced no 

maltreatment compared to those either in the sexual maltreatment group or the non-sexual 

maltreatment group. Using this approach, the interaction of childhood maltreatment (no 

maltreatment group vs sexual and non-sexual maltreatment groups combined) and expressive 

suppression predicted changes in inflammation (adjusted: b = 0.03, p < .001, unadjusted: b = 0.04, 

p < .001). In the adjusted model, those with higher expressive suppression had a less negative 
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relationship between childhood maltreatment and inflammation (b = -0.01, p < .001) than those 

with lower expressive suppression (b = -0.35, p < .001). In the unadjusted model, those with higher 

expressive suppression did not have a significant relationship between childhood maltreatment and 

inflammation (b = 0.01, p = 0.832), while those with lower expressive suppression had a negative 

relationship between childhood maltreatment and inflammation (b = -0.41, p < .001). 

The interaction of childhood maltreatment (no maltreatment group vs sexual and non-

sexual maltreatment groups combined) and expressive suppression also predicted changes in 

depressive symptoms (adjusted: b = 0.24, p < .001, unadjusted: b = 0.18, p < .001). Those with 

higher expressive suppression had a more positive relationship between childhood maltreatment 

and depressive symptoms (adjusted: b = 4.85, p < .001, unadjusted: b = 4.68, p < .001) than those 

with lower expressive suppression (adjusted: b = 2.51, p < .001, unadjusted: b = 2.96, p < .001). 

Additionally, interaction of childhood maltreatment (no maltreatment group vs sexual and 

non-sexual maltreatment groups combined) and expressive suppression also predicted changes in 

grief symptoms (adjusted: b = -0.42, p < .001, unadjusted: b = -0.45, p < .001). Those with higher 

expressive suppression had a less positive relationship between childhood maltreatment and grief 

symptoms (adjusted: b = 0.41, p = .021, unadjusted: b = 0.48, p = .007) than those with lower 

expressive suppression (adjusted: b = 4.44, p < .001, unadjusted: b = 4.86, p < .001). 

In secondary analyses, I examined those who had experienced sexual maltreatment 

(including those who also experienced other types of maltreatment) compared to those who 

experienced non-sexual maltreatment (and had not experienced sexual maltreatment). In these 

analyses, sexual maltreatment was conceptualized as an increased amount of maltreatment 

compared to non-sexual maltreatment.  The interaction of type of childhood maltreatment and 

expressive suppression predicted moderate changes in inflammation in the adjusted model (b = 
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0.02, p = .059) and significant changes in the unadjusted model (b = -0.05, p < .001). In the adjusted 

model, those with higher expressive suppression had a more positive relationship between type of 

childhood maltreatment and inflammation (b = 0.65, p < .001) than those with lower expressive 

suppression (b = 0.44, p < .001). In the unadjusted model, those with higher expressive suppression 

did not have a significant relationship between type of childhood maltreatment and inflammation 

(b = 0.05, p = .389) while those with lower expressive suppression had a positive relationship 

between childhood maltreatment and inflammation (b = 0.65, p < .001). 

The interaction of type of childhood maltreatment and expressive suppression did not 

predict changes in depressive symptoms using the adjusted model (b = -0.08, p = .242). However, 

the interaction of type of childhood maltreatment and expressive suppression predicted changes in 

depressive symptoms using the unadjusted model (b = -0.14, p = .034), such that those with high 

expressive suppression did not have a significant relationship between the type of childhood 

maltreatment and depressive symptoms (b = -0.53, p = .223) and those with low expressive 

suppression had a positive relationship between type of childhood maltreatment and depressive 

symptoms (b = 1.00, p = .032). 

Finally, the interaction of childhood maltreatment and expressive suppression predicted 

changes in grief symptoms in the adjusted model (b = -0.14, p = .029), but did not predict 

significant changes in the unadjusted model (b = 0.09, p = .199). In the adjusted model, those with 

high expressive suppression had a negative relationship between the type of childhood 

maltreatment and grief symptoms (b = -1.19, p = .004), while those with high expressive did not 

have a significant  relationship between the type of childhood maltreatment and grief symptoms 

(b = 0.38, p = .411) 
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In summary, heart rate variability moderated the relationship between changes in childhood 

maltreatment (using the continuous approach) and depressive symptoms as well as changes in 

childhood maltreatment and grief using residualized change from 3 months after the loss of a 

spouse to 4 months after the loss of the spouse. Participants with higher HRV had a less positive 

relationship between childhood maltreatment and depressive symptoms over time. Also, they had 

a negative relationship between childhood maltreatment and grief symptoms over time. 

Conversely, those with lower HRV had a more positive relationship between childhood 

maltreatment and depressive symptoms over time and had a positive relationship with childhood 

maltreatment and grief symptoms. When using the Walker cut-score method to compare those who 

have experienced any type of maltreatment and those who have not experienced any kind of 

maltreatment, the following results held except that the relationship between childhood 

maltreatment and heart rate variability also predicted changes in inflammation. The Walker cut-

score method used to compare those who have experienced sexual maltreatment compared to those 

who have experienced non-sexual maltreatment also fit this pattern. 

Cognitive reappraisal moderated the relationship between childhood maltreatment and all 

3 outcomes (i.e., inflammation, depressive symptoms, and grief symptoms) over time. Participants 

who used more cognitive reappraisal had a negative relationship with childhood maltreatment and 

inflammation as well as a less positive relationship between childhood maltreatment and 

depression and childhood maltreatment and grief compared with participants who used less 

cognitive reappraisal strategies, who had a positive relationship between childhood maltreatment 

and inflammation and a more positive relationship between childhood maltreatment and 

depression and childhood maltreatment and grief. These findings held true also when utilizing the 

Walker cut-score method to compare those who have experienced any type of maltreatment and 
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those who have not experienced any type of maltreatment as well as comparing those who have 

experienced sexual maltreatment to those who have experienced non-sexual maltreatment. 

Finally, expressive suppression moderated the relationship of childhood maltreatment and 

inflammation, childhood maltreatment and depressive symptoms, and childhood maltreatment and 

grief symptoms. However, this finding was not consistent across adjusted and unadjusted models 

as the interactions of childhood maltreatment and depressive symptoms and childhood 

maltreatment and grief symptoms were not significant in the unadjusted models. Additionally, the 

interaction of childhood maltreatment and inflammation and the interaction of childhood 

maltreatment and grief symptoms indicate that those with higher expressive suppression have a 

less positive relationship between childhood maltreatment and inflammation as well as childhood 

maltreatment and grief symptoms. However, the direction of the interaction of childhood 

maltreatment and depressive symptoms implies that those who have higher expressive suppression 

have a more positive relationship between childhood maltreatment and depressive symptoms.
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Figure A1 
 
Interaction of Childhood Maltreatment and Heart Rate Variability Predicting Depressive 
Symptoms Over Time (+ 1 SD above/below the mean) 
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Figure A2 
 
Interaction of Childhood Maltreatment and Heart Rate Variability Predicting Grief Symptoms 
Over Time (+ 1 SD above/below the mean) 
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Figure A3 
 
Interaction of Childhood Maltreatment and Cognitive Reappraisal Predicting Inflammation 
Over Time (+ 1 SD above/below the mean) 
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Figure A4 
 
Interaction of Childhood Maltreatment and Cognitive Reappraisal Predicting Depressive 
Symptoms Over Time (+ 1 SD above/below the mean) 
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Figure A5 
 
Interaction of Childhood Maltreatment and Cognitive Reappraisal Predicting Grief Symptoms 
Over Time (+ 1 SD above/below the mean) 
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Figure A6 
 
Interaction of Childhood Maltreatment and Expressive Suppression Predicting Inflammation 
Over Time (+ 1 SD above/below the mean) 
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Figure A7 
 
Interaction of Childhood Maltreatment and Expressive Suppression Predicting Depressive 
Symptoms Over Time (+ 1 SD above/below the mean) 
 

 
 
 
  



 

 

135 

Figure A8 
 
 Interaction of Childhood Maltreatment and Expressive Suppression Predicting Grief Symptoms 
Over Time (+ 1 SD above/below the mean) 
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