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Suicide is the second leading cause of death worldwide for adolescents and 

emerging adults. Despite knowledge of distal risk factors for suicide (i.e., childhood 

maltreatment), there is a dearth of developmentally informed psychobiological theories of 

suicide that test potentially modifiable proximal risk factors. Utilizing a multi-method 

design, this study integrates cognitive and biological risk factors into a model of suicide 

risk following maltreatment.'Undergraduates completed a screener assessing medical 

history, trait reward and threat sensitivities, history of suicidal thoughts and behaviors 

(STBs), and childhood maltreatment. Participants without a history of autoimmune 

disease completed a reward and threat-salient acute stress task with pre- and post-task 

blood draws to measure peripheral inflammatory biomarkers. Utilizing ecological 

momentary assessment, a subset of participants with a history of suicidal ideation 

completed daily measures (three per day) of STBs and state reward and threat 

sensitivities for two-weeks before completing follow-up measures of STBs.'Mediation 

models found that inflammatory reactivity to acute stress did not explain the relationship 

between maltreatment and ideation across the two-week follow-up, but those participants 

with greater TNF-α reactivity to an acute stress task reported more severe ideation at the 

study visit. Moderated mediation models showed that the association between 

inflammatory reactivity and suicidality was not significantly amplified by reward or 

threat sensitivity. But, at trait and state levels, those with histories of maltreatment who 

were less sensitive to rewards and more aware of potential threats experienced the most 

severe ideation.'This investigation aimed to understand the processes that immediately 

precede STBs to inform future prevention and intervention efforts. 
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Suicide rates among adolescents and young adults in the United States are 

continuing to rise and suicide currently is the second leading cause of death worldwide 

for young people between the ages of 10 and 24 (Curtin et al., 2016; Mokdad et al., 

2016). Between 20-24% of youth report experiencing suicidal ideation and up to 9% have 

made a suicide attempt (Nock et al., 2008). In spite of the prevalence and finality of 

suicide, little is known about the processes that immediately precede suicidal thoughts 

and behaviors (STBs), particularly in adolescents and emerging adults, greatly limiting 

the potential of prevention and intervention efforts. Recent meta-analyses consistently 

have identified childhood maltreatment, measured both retrospectively and prospectively, 

as increasing risk two- to three-fold for suicidal thoughts and behaviors (Angelakis et al., 

2019; Liu et al., 2017; Zatti et al., 2017). Despite knowledge of childhood maltreatment 

as a distal and stable risk factor for STBs (Cha et al., 2018), there is a dearth of 

developmentally informed psychobiological theories of suicide that test potentially 

modifiable proximal risk factors in this vulnerable population. This project examined 

proximal risk factors for STBs that disproportionately affect late adolescents and 

emerging adults with a history of maltreatment.  

 Initial evidence supports the hypothesis that increased inflammatory signaling 

following exposure to an acute stressor may distinguish young people at risk for suicidal 

thoughts and behavior (Miller & Prinstein, 2019). Elevated levels of inflammatory 

biomarkers, such as C-reactive protein (CRP), interleukin (IL)-6, and tumor necrosis 
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factor-α (TNF-α,) have been found in individuals with a history of childhood 

maltreatment, as well as those with suicidality (Baumeister et al., 2016; Black & Miller, 

2015; Brundin et al., 2015). Although studies specifically investigating this link in 

adolescent samples are rare, elevated proinflammatory cytokines have been found in 

adolescents with current suicidal ideation, a history of a suicide attempt, and those who 

died by suicide compared to controls (Gabbay et al., 2009; Melhem et al., 2017; Pandey 

et al., 2012). Prior studies have failed to examine the relationship between inflammatory 

reactivity and momentary assessments of suicidal ideation that would allow research to 

reflect teenagers’ naturalistic experiences of suicidality more accurately in real-time.  

If early life stress primes the body for exaggerated responses to acute stressors 

and if elevated biological responses to acute stress proximal to the experience of STBs is 

one contributor to suicidality during adolescence as suggested by recent findings, then 

inflammatory reactivity may be a unique mechanism conveying risk for suicide to those 

with a history of maltreatment (Miller & Prinstein, 2019). Our group recently found that 

childhood adverse events have an independent effect on inflammatory stress reactivity 

and longitudinally amplify inflammatory reactions to subsequently experienced acute and 

chronic stressors across adolescence (Kautz et al., 2023). Other studies have shown that 

adolescents and adults with a history of childhood maltreatment or chronic family stress 

had higher levels of inflammation following exposure to an acute laboratory social 

stressor and recent naturalistic stressful life events than those without a history of 

childhood maltreatment (Carpenter et al., 2010; Gouin et al., 2012; Marin et al., 2009; 

Miller & Chen, 2010). Although initial extant work has created a strong theoretical base 

for the failure of the acute stress-response system as a developmentally based model of 
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suicide risk, no prior studies have tested this model comprehensively and especially not 

within individuals who are already vulnerable to suicide like those with a history of 

maltreatment. A primary aim of this project is to test directly whether the association 

between childhood maltreatment and suicidality is mediated by elevated inflammatory 

reactivity following acute stress exposure. 

 Childhood maltreatment and the dysregulation of the inflammatory system both 

predict a wide range of psychopathologies; therefore, additional proximal factors need to 

be identified that illuminate why these young people may specifically exhibit STBs 

following physiological activation (Stewart et al., 2019). Recent evidence indicates that 

both self-reported and neural markers of blunted reward sensitivity are linked with recent 

suicidal ideation, independent of other forms of psychopathology (Ducasse et al., 2018; 

Khosravani et al., 2019; Tsypes et al., 2019). Reduced reward sensitivity may increase 

risk for suicide by increasing levels of hopelessness, particularly following acute stress 

exposure (Heponiemi et al., 2003; O'Connor & Nock, 2014; Rasmussen et al., 2012). 

Prior findings have indicated that individuals with a history of childhood maltreatment 

have a blunted response to rewarding cues (Jaffee, 2017; Miu et al., 2017; Teicher et al., 

2016). Additionally, elevated peripheral cytokine levels and peripherally administered 

immunological challenges also are associated with neurobehavioral measures of reduced 

reward sensitivity (Heponiemi et al., 2003; Miu et al., 2017; O'Connor & Nock, 2014; 

Rasmussen et al., 2012). Previous literature also has found that the administration of 

TNF-α in animal models can produce anhedonic behavior (van Heesch et al., 2013). 

Thus, childhood maltreatment may be related to STBs via elevated inflammation in 
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response to acute stress and these effects may be more pronounced among individuals 

with lower reward sensitivity (McLaughlin et al., 2020).  

 Threat sensitivity (i.e., level of arousal when anticipating a threat) is a second 

candidate moderator that may explain why increased inflammation following acute stress 

exposure is associated with suicidality. Both self-reported and physiological measures 

have indicated that elevated sensitivity to threat is predictive of suicidality in a variety of 

samples, including emerging adults (Azadi et al., 2019; Buchman-Schmitt et al., 2017; 

Hazlett et al., 2016; Venables et al., 2015; Venables et al., 2018). Although sensitivity to 

rewarding cues has been associated with suicidal ideation specifically, sensitivity to 

threat may differentiate risk for suicidal behaviors from risk for suicidal ideation alone 

(Weinberg et al., 2017). Individuals with a history of childhood maltreatment have been 

found to exhibit an elevated response to threatening cues (Jaffee, 2017; Miu et al., 2017; 

Teicher et al., 2016) and elevated peripheral cytokine levels are associated with 

neurobehavioral measures of higher threat sensitivity (Eisenberger et al., 2017; Felger, 

2018; Harrison et al., 2016; Slavich & Irwin, 2014). Therefore, individuals with a history 

of childhood maltreatment may experience greater inflammatory stress responses to acute 

stress, and those who also exhibit high sensitivity to threat may be more physiologically 

reactive to such acute stress (both lab-based and naturally occurring negative events), 

increasing risk for STBs. 

Trait-level reward and threat sensitivity have been identified as cognitive risk 

factors that are altered by maltreatment exposure and increase vulnerability to suicidality. 

Unfortunately, no prior work has investigated the relationship between state-level 

changes in reward and threat sensitivity and momentary experiences of suicidal ideation. 
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Without state-level measurement of risk factors and ideation, the identification of 

temporally proximal risk factors for suicidal ideation will remain a gap in the literature. 

Short-term longitudinal designs, such as those utilizing momentary assessment 

techniques, can be used to assess the potency of these risk factors immediately preceding 

suicidal thoughts and urges.  

!"##$%&'(&")*'

 As described in Miller and Prinstein’s model, the failure of the acute stress-

response system has been theorized to specifically increase risk for suicidality in 

adolescents. Low reward and elevated threat sensitivities and alterations in the biological 

stress-response system all have been hypothesized as potential mechanisms linking 

childhood maltreatment and suicidality; however, they have not yet been studied in the 

context of an integrated conceptual model (Hoertel et al., 2015). Given their associations 

in prior studies, this project integrated these separate lines of research. Suicidality 

research currently lacks temporally proximal and potentially modifiable risk factors from 

which to build comprehensive transdiagnostic prevention and intervention efforts, 

particularly for those already known to be at elevated risk, such as individuals with a 

history of childhood maltreatment. Importantly, inflammation, threat sensitivity, and 

reward sensitivity all are potentially malleable factors that could serve as future points of 

intervention in individuals exposed to childhood maltreatment to prevent suicidality. 

Prior work has indicated that each of these factors fluctuate on a state-level (Burke et al., 

2022; Dixon-Gordon et al., 2018; Carroll et al., 2011) and are modifiable with targeted 

interventions, including psychotherapy and pharmacology (Dichter et al., 2009; King et 

al., 2000; Kohler-Forsberg et al., 2019). The methodological design of this study allowed 
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us to test the connections between these risk factors and STBs in real-time, in a 

naturalistic setting, and in combination with a laboratory-based measure of biological 

stress reactivity. To our knowledge, thus far no other studies have measured real-time 

occurrences of suicidality following a laboratory-based measure of biological stress 

reactivity. As a developmental period marked by dysregulated reward/threat modulation 

and increased physiological responses to stress (Casey et al., 2008; Stroud et al., 2009), 

adolescence and emerging adulthood is a period of unique vulnerability for suicide and, 

therefore, was a critical period in which to investigate this model.'This project integrated 

these risk factors into a multidimensional model of suicide risk (see Figure 1), utilizing a 

multi-method design to evaluate whether STBs following maltreatment were associated 

with the dysregulation of the biological stress response system and amplified by reward 

and threat abnormalities. '

(+$,-.-,'/-01 '

' In a diverse sample of late adolescents and emerging adults, our primary aim was   

to test whether childhood maltreatment was associated with the severity of suicidal 

thoughts via increased inflammation reactivity following acute stress exposure. Our 

secondary aim was to examine whether trait-level reward sensitivity and threat sensitivity 

moderated this indirect effect, specifically the association between inflammatory 

reactivity and suicidal thoughts during the follow-up period (see Figure 1). Based on 

prior research on these associations, we hypothesized that only for participants with a 

history of maltreatment and not those without maltreatment, the indirect effect of 

elevated inflammatory reactivity on the severity of suicidal thoughts would be stronger 

for those with blunted reward sensitivity and elevated threat sensitivity. To test cognitive 
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risk factors proximal to the experience of suicidal ideation, an exploratory aim examined 

whether changes in observation-level (i.e., state-level) reward and threat sensitivity 

(separated into between- and within-person variance components) moderated the 

association between inflammatory reactivity and observation-level suicidal thoughts 

across a two-week ecological momentary assessment (EMA) period. If the frequency of 

suicidal behaviors during the two-week follow-up period allowed for adequate detection 

of variance, then these behaviors also would be explored as outcomes.  

 

 

1?@=:A'6B Mechanisms linking childhood maltreatment and suicidality via biological 
responses to acute stress. '
'

'
'
'
'
'
'
'
'
'
'
'

'
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' Participants were college undergraduates who completed an ongoing, online lab 

screener including a medical questionnaire and surveys measuring current and lifetime 

STBs, reward and threat sensitivities, and childhood maltreatment (see Figure 2). 

Participants without a history of autoimmune disease were recruited for a study visit in 

which they completed the medical screener again, a reward and threat-salient stress task 

(Anger Incentive Delay Task [AIDT]; Angus & Harmon-Jones, 2019), and measures of 

post-task state affect (including hopelessness) and reward and threat sensitivities. The 

sample was recruited such that approximately half had a history of childhood 

maltreatment. Blood was drawn pre- and post-stressor with a 90-minute gap (delay 

chosen for peak inflammatory reactivity; Carpenter et al., 2010; Gouin et al., 2012; Marin 

et al., 2009; Miller & Chen, 2010) and assayed for inflammatory biomarkers. Participants 

were recruited through the Temple University Department of Psychology’s SONA 

System, a site that hundreds of undergraduate psychology students use to fulfill their 

research requirements each semester. Participants received four credits for the study visit, 

including the laboratory-based acute stress task and blood draws. This visit took place at 

Dr. Lauren Alloy’s Mood and Cognition Laboratory at Temple University and all 

biological sample collection was completed by trained and nationally certified 

phlebotomists. '

  As recommended for best capturing naturally-occurring acute stress responses to 

identify the proximal processes that occur between an individual’s experience of stress 

and the decision to engage in suicidal behavior, a subsample of participants who had a 
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lifetime history of suicidal ideation participated in a short-term longitudinal EMA 

procedure in combination with the in vivo assessments of inflammatory stress reactivity 

(Miller & Prinstein, 2019). Participants were determined to meet inclusion criteria for this 

subsample based on the self-report questionnaire from the screener that assessed with a 

binary variable whether or not the participant had a lifetime history of suicidal ideation 

(Beck Scale for Suicide Ideation; Beck & Steer, 1991). Participants in the EMA substudy 

completed brief (~3 minutes) measures three times per day of STBs, stress exposure 

(negative life events), and state levels of reward and threat sensitivities for two-weeks 

before completing follow-up measures of STBs and trait reward and threat sensitivities at 

two and four-weeks post-visit. Participants in this subset received an additional three 

credits for the EMA and post-visit survey portions, plus a bonus one credit or $15 for the 

completion of at least 85% of the EMA alerts.  

Several steps were taken to ensure the participants’ safety throughout the study, 

including pre-determined cutoff points on each scale administered that automatically 

alerted study personnel if a participant was at clinically significant risk for suicidal 

behavior. Study PIs then attempted to call the participant three times and a suicide risk 

assessment was completed to determine level of risk. In total, 32 participants met these 

criteria across all study timepoints (2 occurred during the EMA observation). Of these 32 

participants, 16 agreed to complete a risk assessment interview, participated in the safety 

planning brief intervention (Stanley & Brown, 2012), and were provided referrals to 

therapy services (if treatment was not already initiated). The other 16 participants did not 

respond or declined to participate in a risk assessment interview, but all participants were 
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provided with referrals to emergency services and psychotherapy during the study visit, 

during each survey, and again over email if they met the pre-determined cutoff points.  

 

 
1?@=:A'GB'Study protocol with details of measure collection at each assessment time 
point.  
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This project recruited 103 college undergraduates aged 18-22 from the 

Philadelphia area (10% more than the N indicated by Aim 1 power analyses). An 

enriched subsample of participants with a lifetime history of suicidal ideation was 

recruited for the EMA protocol to address the exploratory aims (n=46). Participants were 

recruited through an ongoing lab screener (described above) on the Temple University 

Department of Psychology’s SONA System.  

Exclusion criteria for this project included a history of autoimmune disease or 

blood clotting disease, phobia of needles, current illness at the time of study visit per 

health interview with phlebotomist, being above the age of 22 or below the age of 18, 

incorrectly completing attention checks on the self-report surveys, and an inability to read 

or speak English. For the EMA supplementary protocol, exclusion criteria included not 

having access to a smart phone and not having a lifetime history of suicidal ideation. The 

investigation was carried out in accordance with the latest version of the Declaration of 
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Helsinki, the study design was reviewed and approved by the Institutional Review Board 

of Temple University, and informed consent was completed prior to participation.  

Although 103 late adolescents and emerging adults consented to participate in the 

study visit, the inclusion criteria for this analytic sample included completed measures of 

childhood maltreatment, suicidal ideation, and trait-level reward and threat sensitivities at 

the screener, study visit, and two-week follow-up (n=95). The participants who 

completed both the pre-/post-task blood draws and measurements of their height and 

weight were included in the analyses examining changes in inflammatory reactivity 

(n=69). Participants included in the analyses with inflammatory reactivity were 

confirmed to not have acute illnesses or infections at the study visit based on the health 

interview (Bell et al., 2017; de Ferranti et al., 2006). See Figure 7S in Appendix A for a 

timeline of data collection procedures and details on the inclusion and exclusion criteria 

for each assessment timepoint.  

The study visit analytic sample (n = 95) was racially diverse, but predominantly 

female (Mage = 19.75 years old, 56% white, 78.0% female, 42% history of maltreatment; 

see Table 1 for additional descriptive statistics). The EMA analytic subsample was 

equally diverse as those included in the study visit analytic sample (Mage = 19.24 years 

old, 53% white, 84% female, 51% history of maltreatment). All participants in the 

screener analytic sample were eligible for and invited to participate in the in-person study 

visit. When comparing those in the screener sample who were invited to those who were 

invited and participated in the study visit, we found that the study visit analytic sample 

was representative of the full screener analytic sample with respect to age, gender, SES, 

and history of maltreatment composition (t(845)=-0.410, p=0.682; X2(2)=4.35, p=0.114; 



 12  

X2(5)=0.70, p=0.983; X2(1)=0.48, p=0.489, respectively). However, there was a 

significant difference in distribution of race and ethnicity identities between the screener 

and study visit samples (X2(5)=16.33, p=0.006), such that 15% of the screener sample 

identified as Black/African American and only 7% of the study visit sample did. 

Additionally, 7% of the screener sample and 14% of the study visit sample identified as 

multi-racial. The EMA analytic subsample was representative of the study visit analytic 

sample with respect to age, gender, racial, SES, and history of maltreatment composition 

(t(97)=0.07, p=0.949; X2(2)=5.80, p=0.055; X2(5)=3.23, p=0.665; X2(5)=3.71, p=0.592; 

X2(1)=2.55, p=0.110, respectively).   

Participants who enrolled in the primary study visit and had a history of suicidal 

ideation were invited to participate in the EMA supplementary protocol. Those who 

agreed and completed the initial in-person tasks then began the 14-day EMA protocol the 

following day. For this 14-day period, links to a self-report questionnaire administered 

through Qualtrics were texted to participants three times per day at randomly determined 

times within each of three intervals (morning, afternoon, evening) throughout a 12-hour 

window of the participants’ choosing. Each questionnaire took about 2-4 minutes to 

complete, and the participants were instructed to complete the assessments within 30 

minutes of receiving the text message alerts to ensure at least a two-hour gap between 

each alert response. Participants completed 77.2% of the total possible EMA alerts; thus, 

the sample included 1,458 observations without missing observation-level ideation and 

reward and threat sensitivity responses. For this analytic sample, 115 observations were 

excluded because the participant’s response did not leave at least a two-hour gap between 

responses. This resulted in 1,343 observations (n = 45) for the final analytic sample. For 
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analyses including inflammatory reactivity, all participants within the EMA subset 

sample were included who completed both blood draws (n=26, observations = 807). 

0AED=:AD'
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&C?H<C;;<'$:E=IE'J=AD9?;88E?:A'K&$JLB'The CTQ (Bernstein et al., 2003) 

subscales measure the severity of emotional abuse, physical abuse, sexual abuse, 

emotional neglect, and physical neglect during childhood. The CTQ bivariate scoring 

procedures (at least moderate severity on one of the five subscales) was used to determine 

childhood maltreatment group status during screening and as the focal predictor in the 

analyses of the Primary and Secondary Aims. This measure has demonstrated good 

criterion-related validity and has been validated in samples of adult and adolescent 

psychiatric participants, in addition to normative community samples (Bernstein et al., 

2003). '

("-,-)34-&*'

"A>M'#>EHA'N;:'#=?>?<A'2<AE9?;8'K"##LB'The BSS (Beck & Steer, 1991) is a self-

report measure that assesses active and passive suicidal ideation, planning, and access to 

means during the past two weeks and was used as the primary outcome measure for the 

Primary and Secondary Aims (along with EMA reported STBs). The BSS also includes 

two additional questions inquiring about lifetime history of suicide attempts and suicidal 

intent. In the current study, we added 11 questions inquiring about lifetime history of 

suicidal ideation (which was used for screening procedures for the EMA subsample), 

aborted suicide attempts, interrupted suicide attempts, suicide planning, suicide 

preparation behaviors, hospitalization for suicide risk, and likelihood of attempting 
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suicide in the future. Total scores of recent suicidal ideation were calculated at the 

screener, study visit, and follow-up assessments to serve as the outcome variables for the 

Primary and Secondary Aims. See below for the EMA items used to assess observation-

level suicidal ideation.'

8%.43003&-6%'

Blood was drawn into Serum Separator Tubes (Becton-Dickinson) via antecubital 

venipuncture by a certified phlebotomist pre- and 90 minutes post-stressor, between 2-5 

PM, to control for diurnal variations. This delay was chosen for peak inflammatory 

reactivity (Carpenter et al., 2010). This time period is optimal because inflammation rises 

in the evening (Breen et al., 2011; Dabitao et al., 2011), and late afternoon is a relatively 

stable time of cytokine activity. Time of blood draw and last meal were recorded to 

include as potential covariates. Participants were asked to fast as of 9 am on the day of 

the visit and were given a snack following the second blood draw. All blood procedures 

and handling in Dr. Alloy’s lab adhere to Bio-Safety Level 2 standards, with universal 

precautions. Participants were observed for 10 min. to monitor for potential adverse 

reactions. Blood samples were centrifuged, and the serum was harvested, divided into 

aliquots, then frozen and stored at -80oC.  

 Biomarkers were measured in circulation to index inflammation: the pan-

inflammatory marker, CRP, and four cytokines: IL-6, IL-8, IL-10, and TNF-α. This panel 

allows for a balance between generalized inflammatory response (CRP) and more 

specific responses (cytokines). All biomarkers were sampled in a single batch. Thawed 

samples were centrifuged to remove all solids. Assays were conducted in Dr. Gregory 

Miller’s lab at Northwestern University. For CRP, specimens were plated in duplicate 
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into the wells of an immunoassay kit (Quantikine hsCRP; R&D Systems) and read at 450 

nm on a Tecan Sunrise instrument, with wavelength correction at 540 nm. The high-

sensitivity CRP assay kit used in Dr. Miller’s lab had a detection threshold of 0.04 

pg/mL, and had intra- and inter-assay coefficients of variation < 5%. Cytokines were 

measured by electrochemiluminescent immunoassay on a SECTOR Imager 2400A 

(MesoScale Discovery; Rockville, MD). Serum was plated in duplicate into the wells of a 

V-PLEX Proinflammatory FourPlex assay kit (MesoScale Discovery; Fu et al., 2010). 

This kit’s detection thresholds were .10 pg/ml for each of the cytokines, and the intra-

assay and inter-assay coefficients of variation were < 4.3% and < 7.5%, respectively 

(Miller et al., 2014). Due to prior evidence indicating that individual proteins were 

superior to summed composite scores of inflammatory markers in model fit, change 

scores were calculated to capture the difference between the pre- and post-task blood 

draws for each of the five markers (Moriarity et al., 2021). These change scores were 

used to represent the inflammatory reactivity of each marker to the acute stress challenge. 

For the Primary Aim, these five inflammatory reactivity scores were individually entered 

into separate models to be assessed as potential mediators.   

93:6#3&6#*'/,"&$'(&#$11'!5344$%;$'

!8@A:'28>A89?OA'.AHEP'$EDM'K!2.$LB'Goal-frustration, or the inability to achieve 

or make progress toward a goal, is a type of acute stressor that has been found to induce 

state level increase of distress, including negative affect and physiological stress 

responses (Antoniou & Alkhadim, 2022; Jones et al., 2013). Participants completed a 

modified version of the monetary incentive delay task called the AIDT (Angus & 

Harmon-Jones, 2019) to induce reward and threat-related goal-frustration as an acute 
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stress challenge (Knutson et al., 2000). Participants were instructed to “win as much 

money as possible and avoid losing money”, and that they could win money on some 

trials and avoid losing money on others by responding to a target stimulus. Participants 

started with $1 and could win or lose between $.20 and $.40 on each trial. At the 

beginning of each trial, a fixation cross was presented in the center of the screen for 900-

1100 ms, followed by an incentive cue for 500 ms. Incentive cues included circles 

indicating that the P could win money or triangles indicating that the participant could 

break even. After the incentive cue, another fixation cross was presented for 1300-1700 

ms. The target stimulus duration adapted to participants’ performance, changing by 20 ms 

to a minimum of 200 ms or a maximum of 340 ms if participant accuracy increased or 

decreased from 90%. Targets remained on screen for the entire duration regardless of 

participant’s reaction time. After the target stimulus disappeared, another fixation cross 

was presented for 450-550 ms, followed by a feedback stimulus presented for 1000 ms to 

inform the participants of their success or failure. Failures were signaled with a ↓; trials in 

which the participant won money were signaled with an ↑, and trials in which the 

participant broke even were signaled with an =. Following the feedback stimulus, another 

fixation cross was displayed for 450-550 ms, followed by the amount of money 

participants won or lost on that trial for 1000 ms. During the final four blocks, the 

instructions remained the same, but correct responses to trials with anticipatory stimuli 

indicating the possibility to win money actually lost money on 56% of trials, despite 

presentation of successful feedback stimuli, to induce goal frustration. The entire task 

consisted of 228 trials across twelve 19 trial blocks. The order of the first 18 trials in each 

block was pseudorandomized, and the same order was presented to all participants. The 
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final trial of each block was randomized across participants to reduce the risk of order 

effects. Measures of state motivation and positive and negative affect were taken after 

each block to measure stress-induced changes. '

The AIDT has been found to reliably inducing negative state affect and 

physiological responses (P3b amplitudes) following the goal-frustration and threat to 

monetary success conditions (Angus & Harmon-Jones, 2019). A portion of this sample 

(e.g., Project MIME) was recruited to validate the modified version of the AIDT as a 

method for assessing reward-salient stress reactivity in the context of an integrated 

immunocognitive model with a pre-/post-stressor design (Moriarity et al., 2022). Initial 

findings from this analysis indicated that, in our sample, the AIDT task significantly 

induced higher state negative affect and lower state positive affect and motivation when 

comparing the average responses before and after the frustration blocks (Anger: t(99)=-

7.11, p<0.001; Frustration: t(99)=-9.37, p<0.001; Sadness: t(99)=-3.65, p<0.001; 

Happiness: t(99)=5.51, p<0.001; Satisfaction: t(99)=9.52, p<0.001; Motivation: 

t(99)=10.17, p<0.001). In this study, this task served as a reward and threat-salient acute 

stress challenge that was used to measure inflammatory reactivity to an acute stressor. In 

our sample, only TNF-α and IL-8 levels were significantly different from the pre- to post-

task blood draws (t(68)=2.41, p=0.018; t(68)=-2.21, p=0.031, respectively). 

<#3-&'2$=3#)'>'<5#$3&'($%1-&-?-&-$1'

"ACEO?;:EH'28C?Q?9?;8'#PD9AIR"ACEO?;:EH'!>9?OE9?;8'#PD9AI'K"2#R"!#L'

#>EHADB'The BIS/BAS (Carver & White, 1994) includes Reward Responsiveness, Fun 

Seeking, and Drive subscales, which were summed to measure trait-level reward 

sensitivity, and the BIS to measure trait-level threat sensitivity. In our sample, the 
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BIS/BAS scales were highly correlated across assessment timepoints (see Table 1S in 

Chapter 2). Therefore, in our analysis, trait-level reward and threat sensitivities were 

captured by the first assessment timepoint that the participant completed the BIS/BAS 

scales. Z-standardized BIS/BAS subscales were used to test whether components of trait-

level reward and threat sensitivity were moderators in analyses for the Secondary Aim. 

The BIS/BAS Scales have good internal consistency (all α ≥. 66), retest reliability, 

convergent, and divergent validity (Carver & White, 1994).'

(&3&$'2$=3#)'>'<5#$3&'($%1-&-?-&-$1@'(<A1@'>'9-.$'B?$%&1'

-0!'#?@8EH'!HA:9DB'At each of the three signal alerts sent at random intervals 

daily during the 14-day EMA period, participants were asked 15 questions. Participants 

were asked whether they have engaged in suicidal behavior and if they experienced any 

suicidal ideation since the prior alert (Kleiman et al., 2017). One item was used to assess 

suicidal behavior at an observation-level: “Since the last alert, have you harmed yourself 

with the intention of dying?”. The frequency of suicidal behavior was rated with this item 

on a scale of 0 (no), 1 (once), or 2 (more than once). Four items were used to assess 

experiences of suicidal ideation at an observation-level: 1) “Since the last alert, at the 

most severe point, how intense were your thoughts of killing yourself?”; 2) “Right now, 

how intense are your thoughts of killing yourself?”; 3) “Right now, how strong is your 

intention to kill yourself?”; 4) “Right now, how strong is your ability to resist the urge to 

kill yourself?” [Reverse coded]. Each of the items was rated on a scale of 0 (none at all) 

to 9 (very intense) and summed to create an observation-level suicidal ideation total score 

at each alert. In our sample, the internal consistency of this sum score was acceptable 
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(α=0.63). A previous study in a sample selected for recent suicidal behavior found that 

these items demonstrated a higher internal consistency (α = 0.82; Kleiman et al., 2017).'

Participants also completed five items adapted from the BIS/BAS subscales to 

assess state reward and threat sensitivities (Burke et al., 2022). One item from each of the 

BAS subscales was used: 1) “Right now, I would go all-out to get something if I wanted 

it.” (BAS-Drive); 2) “Right now, if a good thing were to happen to me, it would affect me 

strongly.” (BAS-Reward Responsiveness); 3) “Right now, I would try anything new if I 

thought it would be fun.” (BAS-Fun-Seeking). Two items from the BIS subscale were 

included: 4) “Right now, criticism or scolding would hurt me quite a bit.”; 5) “Right now, 

if I thought something unpleasant was going to happen, I would get pretty ‘worked up’.” 

Each of the items was rated on a scale of 0 (not at all) to 9 (very much). Both sets of 

subscale items were summed to create observation-level reward and threat sensitivity 

scores at each alert. These scores then were Z-standardized across observations and 

person-centered to measure the within-person changes in reward and threat sensitivities 

that occurred across time. The between-person variance also was isolated by calculating 

the means of reward and threat sensitivity scores across all time points for each 

individual. The isolated within-person variance examines changes in reward and threat 

sensitivity exposure over time, whereas the isolated between-person effect is used to 

compare differences between the participants’ overall average levels of reward and threat 

sensitivity (Falkenström, Finkel, Sandell, Rubel, & Holmqvist, 2017). In our sample, the 

internal consistencies of the BAS and BIS sum scores were both acceptable (α=0.80 and 

α=0.88, respectively).  
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C6&$%&-34'!6%.6"%)-%;'D3,&6#1'

Our choice of demographic, biobehavioral, and psychosocial-related covariates 

was based on previous research (Angelakis et al., 2019; Haapakoski et al., 2015; Horn et 

al., 2018; Moitra et al., 2021). We assessed variables that could potentially confound 

inflammation analyses using a demographic and health questionnaire at the time of 

screening and again during the study visit. Potential demographic confounders were 

participants’ age, gender identity, race, and SES (Deverts et al., 2012; O'Connor et al., 

2009). Biobehavioral confounders that were assessed were body mass index (BMI), last 

date of menstruation for females, hormonal contraceptive use, medications, substance 

use, and other major illnesses due to their ability to influence inflammation (Dominguez-

Rodriguez et al., 2009; Howren et al., 2009). Body temperature was taken by non-contact 

thermometer and participants with fevers (>100.5 °F) were rescheduled. Other potentially 

confounding psychosocial factors previously associated with ideation that were assessed 

during the screener and at follow-up visits included symptoms of depression (Beck et al., 

1996), nonsuicidal self-injurious behaviors (Gratz, 2001), and history of other traumatic 

events (Kubany et al., 2000). 

.E9E'!8EHP9?>'5HE8'

C6=$#'/%34*1-1'

 Prior studies of the association between childhood maltreatment and (i) 

inflammatory stress reactivity and (ii) suicidality have found medium (r=.33; (Carpenter 

et al., 2010; Gouin et al., 2012; Marin et al., 2009; Miller & Chen, 2010) and small-

medium effect sizes (r=.23; Miller et al., 2017), respectively. No published studies have 

investigated the interaction between inflammatory stress reactivity and reward sensitivity 
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or threat sensitivity in predicting suicidality; however, our pilot study found small-

medium effect sizes (r=.19-.21) for the association between i) threat sensitivity, ii) 

inflammatory stress reactivity, and iii) their interaction predicting current suicidal 

ideation. With an estimated medium effect size (R2=0.2), a sample size of 80 would be 

required to detect an indirect effect in the proposed mediation model (Primary Aim). 

Thus, measurement error-adjusted simulations (Wang & Rhemtulla, 2020) indicate a 

sample size of 92 would be required to detect a conditional indirect effect in the proposed 

moderated mediation model (Secondary Aim).  Additional post-hoc power analyses of 

exploratory aims are described in Appendix B. 

/%34*1-1'C43%'

 The original hypotheses that were investigated in this project were: Primary Aim: 

Inflammatory reactivity to the reward and threat-salient stress task would account for a 

significant indirect effect of childhood maltreatment on recent suicidal thoughts at the 

study visit and two-week follow-up. Secondary Aim: The relationship between 

inflammatory reactivity to this stress task and suicidality would be amplified by trait-

level lower reward and elevated threat sensitivity. Exploratory Aim: Observation-level 

reward and threat sensitivities would be separated into within-person (person-centered) 

and between-person (person-mean) variance components, and the within-person 

components would be tested as moderators of the inflammation to observation-level 

ideation pathway.  

The aims were tested using mediation (Primary Aim) and moderated mediation 

(moderator on the b’ pathway; Secondary Aim) models conducted in R version 4.2.2 

(Team, 2013). The Exploratory Aim was tested using multilevel moderated mediation 
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and all multilevel models were estimated using the lmer4 package (Bates et al., 2015) 

with restricted maximum likelihood. Indirect effects in the non-multilevel and multilevel 

mediation and moderated mediation models were estimated with the mediation package 

(Tingley et al., 2014). Indirect effects were estimated based on 1000 bootstrapped 

samples. All multilevel models included random intercepts. Adding the random slope for 

time-to-follow-up did not significantly improve model fit (i.e., did not reduced deviance) 

for the multilevel models with each of the five inflammatory biomarkers; therefore, none 

of the multilevel models included this random slope. Multilevel modeling was used for 

all exploratory models, rather than traditional regression techniques, because the 

observation-level data collected multiple times per day during the EMA period was 

clustered within individuals, and if this nesting was not accounted for, the probability of 

committing a Type I error would increase and less efficient coefficients would be 

estimated. 

Suicidal ideation at the study visit, two-week follow-up, and during the EMA 

period were tested as outcomes in separate models. The lack of suicidal behaviors 

occurring during the follow-up assessment and EMA observation periods (n=0) precluded 

these low-base rate behaviors from being evaluated as an outcome variable. Additionally, 

the low response rate to the four-week follow-up assessment (n=36) prevented suicidal 

ideation at this time-point from being assessed as an outcome measure. Model residuals 

were assessed for normality and found to be appropriately distributed.  

The revised secondary and exploratory aims used non-multilevel and multilevel 

moderation models to assess whether the interaction of childhood maltreatment and 

reward and threat sensitivities at both trait- and observation-levels were associated with 



 23  

suicidal thoughts at the screener, study visit, two-week follow-up, and during the EMA 

period. First, models examining only the main effects were examined. Then, models were 

estimated that included the two-way and three-way interaction between childhood 

maltreatment, threat sensitivity, and reward sensitivity. As described in Appendix B, a 

post-hoc simulated power analysis indicated this sample was adequately powered at 

assess this three-way interaction (88% [CI 95%: 82.67 – 92.16]). When probing the 

effects of any significant interactions, threat sensitivity was considered the focal predictor 

and childhood adversity and reward sensitivity were considered the moderators. Models 

with significant interactions were probed at the mean and +/- 1 standard deviation from 

the mean of the moderators. To assess conditional effects, each simple slope was 

compared to zero. Post hoc pairwise contrasts also were conducted to compare the levels 

of suicidal ideation for participants with vs without a history of maltreatment when they 

have higher levels of threat sensitivity (+1 standard deviation from the mean) and lower 

levels of reward sensitivity (-1 standard deviation from the mean). Additionally, post hoc 

pairwise contrasts also were conducted to compare the levels of suicidal ideation for 

participants with higher vs lower levels of reward sensitivity when they have a history of 

maltreatment and higher or lower levels of threat sensitivity. 
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%AD=H9D'

5:AH?I?8E:P'!8EHPDAD'

As seen in Table 1, a lifetime history of childhood maltreatment, trait-level threat 

sensitivity (at study visit), recent suicidal ideation (at study visit and two-week follow-

up), and a lifetime history of suicidal ideation and preparatory behavior all were 

positively correlated with each other at a moderate level. Trait-level reward sensitivity 

was negatively associated, but not to a significant degree, with a lifetime history of 

childhood maltreatment, recent suicidal ideation, and a lifetime history of suicidal 

attempts. Trait level reward sensitivity was significantly negatively associated with a 

lifetime history of NSSI. Counter to the hypotheses of this study’s aims, none of the 

markers of inflammation were significantly correlated with childhood maltreatment based 

on initial analyses without covariates included. Only change in TNF- α was significantly 

positively correlated with recent suicidal ideation, a lifetime history of suicidal attempts, 

and preparatory behaviors at a moderate level. Covariates in subsequent models were 

determined by theory and initial correlations, which indicated that gender, race, and BMI 

were associated significantly with at least one inflammation change score and race was 

associated significantly with recent suicidal ideation. Therefore, all models with 

inflammatory reactivity levels as the outcome measure (a-paths in the mediation models) 

included gender, race, and body mass index as covariates. All models with suicidal 

ideation severity as the outcome measure (b-paths in the mediation models) controlled for 

race. Age, socioeconomic status, depression at study visit, alcohol and substance use at 

study visit were not significantly correlated with any of the inflammatory markers, and 

therefore, were not included as covariates in the subsequent analyses. Notably, depression 
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and lifetime history of non-suicidal self-injury were strongly positively associated with 

recent and lifetime history of suicidal thoughts and behaviors as expected. Also, as 

expected, a history of childhood maltreatment was strongly positively associated with the 

frequency of lifetime traumatic events. 

Also as shown in Table 1, the between-person centered variables across the EMA 

period were correlated with the screener, study visit, and two-week follow-up variables. 

The between-person centered variables reflect between-person differences in level across 

the EMA observation period (i.e., whether an individual participant reported generally 

higher vs. lower levels of each variable across the observation period). To compare 

correlates across assessment timepoints, the between-person centered variables were 

selected for the correlation matrix although the moderation analyses focus on the within-

person centered variables. A history of childhood maltreatment was not significantly 

correlated with between-person centered observation-level threat and reward sensitivity 

nor with between-person centered observation-level suicidal ideation. Additionally, 

between-person centered observation-level threat and reward sensitivity were not 

significantly correlated with between-person centered observation-level suicidal ideation 

nor recent suicidal ideation at the study visit nor two-week follow-up assessment. 
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10. Lifetime 
history of 
suicidal 
ideation 
(BSS; Ref. 
No) 

32 34% .20* .36*
* 

.43*
* 

.04 .37*
* 

.37*
* 

.35*
* 

.43*
* 

.43*
* 

                              

11. Gender 
(Ref. Male) 

17 18% .03 .10 .03 -.11 -.06 -.06 .12 .11 .11 .04                             

12. Race 
(Ref. White) 

53 56% .03 .08 .10 .04 -
.27*

* 

-
.32*

* 

.05 -.14 -.12 -.01 -.11                           

13. Parental 
Income (Ref. 
>$100,000) 

34 36% -.15 -.24* -.17 -.01 -.12 -.09 -.10 .09 -.01 -.07 -.07 -.09                         

14. Age 19.75 1.10 -.11 .20 .01 .01 .03 .03 .03 -.01 .15 -.05 .05 -.14 -
.28*

* 

                      

15. BMI 25.05 5.61 .07 .36*
* 

.13 .17 .11 -.02 .05 .12 .12 .15 -.05 .21 -.06 .00                     

16. 
Depression at 
Study Visit 
(PROMDEP) 

59.27 26.19 .36** .23* .52*
* 

.03 .61*
* 

.57*
* 

.31* .30*
* 

.32*
* 

.50*
* 

-.09 -.11 -.06 -.12 .08                  

17. Alcohol 
Use 
Frequency at 
Study Visit 
(AADIS; Ref. 
Never) 

25 26% -.19 -.03 -.07 .26* .10 .04 -.09 -.00 .05 .04 -.11 .09 -.02 .41*
* 

.06 .01                

18. Substance 
Use 
Frequency at 
Study Visit 
(AADIS; Ref. 
Never) 

44 46% .10 .16 .11 .23* .18 .11 .11 .07 .14 .24* -.11 .02 -.06 .08 .14 .36*
* 

.34*
* 

             

Two-week Follow-up & Inflammation 
Reactivity (n=69) 
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Two-week Follow-up & Inflammation 
Reactivity (n=69) 

                       

19. Change in 
CRP 

0.93 4.34 -.12 .13 -.07 .12 -.07 -.16 -.17 -.11 -.02 -.11 -.03 -.12 .20 .21 .34*
* 

-.20 .00 -.17            

20. Change in 
IL-6 

-0.14 1.54 .03 .01 .21 -.10 .10 .07 .05 -.01 -.00 .18 .02 .26* -.10 -.02 -.07 .14 .09 .13 -
.61*

* 

         

21. Change in 
TNF-α 

-0.40 1.33 -.10 -.01 .05 -.02 .28* .02 .19 .25* .25* .12 -.03 .04 -.02 -.08 -.11 .18 -.03 .08 .07 -.06        

22. Change in 
IL-8 

0.36 1.41 .02 .01 .03 .08 .07 .02 .12 .28* .25* .10 .03 -.01 .21 -.03 -.17 .08 -.12 -.15 .10 -.06 .67*
* 

     

23. Change in 
IL-10 

-0.06 1.48 .14 .20 .08 .02 .05 -.08 .26 .20 .22 .12 .47*
* 

.04 .09 -.00 .13 -.04 -.01 .02 -.02 -.02 .24* .29*    

EMA Observation (n=45, 
obs.=1,343) 

                 EMA & Inflammation (n=26, 
obs.=807) 
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As seen in Table 2, history of childhood maltreatment was significantly associated 

with higher severity of recent suicidal ideation at the study visit and two-week follow-up. 

This analysis indicated that a history of childhood maltreatment and race accounted for 

approximately 20% of the variance in suicidal ideation reported across both timepoints. 

Although, in the analytic sample who completed both blood draws (n=69), this 

relationship only was significant at the study visit.  

Counter to the hypotheses of the Primary Aim, the effect of childhood 

maltreatment history on recent suicidal thoughts at the study visit was not mediated via 

the level of inflammatory reactivity to the reward and threat-salient stress task for any of 

the five markers. As Figures 3A to 3E illustrate, the total effects indicated that the 

regression coefficients for the association between childhood maltreatment and recent 

suicidal thoughts at the study visit were significant. However, childhood maltreatment 

did not significantly predict the level of inflammatory reactivity for any of the five 

markers when holding constant gender, race, and BMI. Only TNF-!α reactivity level at 

the study visit was significantly associated with recent suicidal thoughts, controlling for a 

history of childhood maltreatment and race; this pathway is further illustrated in Figure 4. 

As shown on Table 2S in Chapter 2, the bootstrapped unstandardized indirect effects 

were not statistically significant for all five mediation models.  

This pattern was repeated when suicidal thoughts were assessed at the two-week 

follow-up. As shown in Figures 5A to 5E, the total effects indicated that childhood 

maltreatment was not significantly associated with recent suicidal thoughts at the two-

week follow-up for participants who completed both blood draws. Additionally, 
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childhood maltreatment did not significantly predict the level of inflammatory reactivity 

for any of the five markers when holding constant gender, race, and BMI. None of the 

markers of inflammatory reactivity were significantly associated with recent suicidal 

thoughts at the two-week follow-up, controlling for history of childhood maltreatment 

and race. As shown on Table 3S in Chapter 2, the bootstrapped unstandardized indirect 

effects were not statistically significant for all five mediation models.  
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!"#$%&)(&<1#!$&&-.,$(,-%!4#(0##%!.1,/)1--)!;$/(*#$(;#%(!$%)!*#.#%(!&8,.,)$/!,)#$(,-%5!!

! !"#$%&%'"($)*+,-*&-.'/0$01*23+004*5-//-+36'*7(89:; * !"#$%&%'"($)*+,-*&-.'/0$01*23+004*5-//-+36'**
"(1*%(5/".."$-#<*."#40#)*7(8=9;!

!! "##!$%&'(!)*%+,!'&!-.).&! "##!$%&'(!)*%+,!'&!/01,,2!
3%((%4056!

"##!$%&'(!)*%+,!'&!-.).&! "##!$%&'(!)*%+,!'&!/01,,2!
3%((%4056!

!#01%&$-#)* >)$%."$0)* ?@* ' * >)$%."$0)* ?@* ' * >)$%."$0)* ?@* ' * >)$%."$0)* ?@* ' *

(Intercept) 0.68 -0.55 –  
1.91 

0.274 0.97 -
0.37 – 2.31 

0.155 0.90 -0.61 –  
2.41 

0.238 1.48 -
0.06 – 3.02 

0.060 

History of 
maltreatment (CTQ; 
Yes vs. No) 

2.75 1.22 – 4.29 78779 2.07 0.40 – 3.73 7879: 2.39 0.43 – 4.36 7879; 0.70 -
1.30 – 2.70 

0.489 

Race (Asian/Pacific 
Islander vs. White) 

3.39 0.96 – 5.81 7877< 4.65 2.01 – 7.29 78779 2.05 -0.83 –  
4.94 

0.160 2.78 -
0.16 – 5.72 

0.063 

Race (Black/ African 
American vs. White) 

0.71 -2.21 –  
3.63 

0.631 0.72 -
2.47 – 3.90 

0.655 0.40 -3.59 –  
4.39 

0.842 -0.08 -
4.13 – 3.98 

0.970 

Race (Hispanic/Latino 
vs. White) 

-1.04 -3.67 –  
1.58 

0.432 -0.99 -
3.85 – 1.87 

0.493 -0.53 -3.71 –  
2.65 

0.740 -1.29 -
4.52 – 1.94 

0.427 

Race (Multi-racial vs. 
White) 

-0.93 -3.12 –  
1.25 

0.398 -0.93 -
3.30 – 1.45 

0.441 -0.81 -3.41 –  
1.79 

0.536 -0.98 -
3.62 – 1.67 

0.463 

Race (Other vs. White) -0.68 -8.05 –  
6.69 

0.855 -0.97 -
8.99 – 7.06 

0.811 
      

Observations 95 95 69 69 

R!  / R!  adjusted 0.203 / 0.148 0.188 / 0.133 0.115 / 0.045 0.089 / 0.017 

Note.!7D>7-%B,)#%.#!,%(#*+$/&?!7<=>71,/)1--)!<*$8;$!=8#&(,-%%$,*#?!CEE>C#.2!E.$/#!B-*!E8,.,)#!D)#$(,-%5!
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!
1?@=:AD'S'K!T-LB Inflammation reactivity mediating the relationship between maltreatment and recent suicidal ideation 
at the study visit. All models on the a-path controlled for gender, race, and body mass index and all models on the b-
path controlled for race. At the base of each figure the total effect is displayed, and the direct effect is displayed in 
parentheses. CM=History of childhood maltreatment; SI=Recent suicidal ideation; CRP=C-reactive protein; 
IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
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1?@=:A'UB Reactivity of tumor necrosis factor-alpha (TNF-α) to the laboratory stress task. 
The association with recent suicidal ideation at study visit was assessed by the Beck 
Scale for Suicide Ideation controlling for race; * p < .05, ** p < .01. 
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'
1?@=:AD'V'K!T-LB Inflammation reactivity mediating the relationship between maltreatment and recent suicidal ideation 
at the two-week follow-up. At the base of each figure the total effect is displayed, and the direct effect is displayed in 
parentheses. All models on the a-path controlled for gender, race, and body mass index and all models on the b-path 
controlled for race. CM=History of childhood maltreatment; SI=Recent suicidal ideation; CRP=C-reactive protein; 
IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
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Childhood maltreatment was not found to significantly predict inflammatory 

reactivity in our sample. Therefore, inflammatory reactivity was not found to mediate the 

relationship between maltreatment and recent suicidal ideation and the null hypothesis 

was supported for the Primary Aim. As a result of the a-pathway of the mediation models 

being nonsignificant, it can be assumed that the conditional indirect effects of the 

mediation models will remain nonsignificant when a moderator is added to the b-

pathway, as proposed in the Secondary Aim hypotheses. To confirm this, and to assess 

whether the association between inflammatory reactivity to the stress task and suicidality 

was amplified by trait lower reward and elevated threat sensitivity regardless, the 

moderated mediation models proposed in the original Secondary Aim were assessed and 

summarized in Chapter 2. The moderated mediation models predicting observation-level 

suicidal ideation proposed in the original Exploratory Aim also were assessed and 

summarized in Chapter 2. As expected, based on the Primary Aim analyses, each of the 

indirect effects were not significant which indicates that the relationship between 

childhood maltreatment and recent suicidality at the study visit and two-week follow-up 

was not mediated by inflammatory reactivity at high, average, and low levels of trait 

reward and threat sensitivities. These analyses indicated that threat and reward 

sensitivities did not moderate the relationship between inflammatory reactivity and recent 

suicidality. Additionally, the non-significant indirect effects of the Exploratory Aim 

moderated mediation models showed that the relationship between maltreatment and 

observation-level suicidal ideation was not mediated by inflammatory reactivity at high, 
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average, and low observation-level reward and threat sensitivities. Although, relatively 

high observation-level threat sensitivity (approximately 2 SD above the mean) was found 

to significantly strengthen the association between elevated TNF-α and IL-8 reactivity 

and more severe observation-level suicidal ideation, when controlling for race and history 

of childhood maltreatment.  

The originally proposed moderated mediation models had non-significant indirect 

effects indicating that the interaction of inflammatory reactivity and reward and threat 

sensitivities did not explain the relationship between childhood maltreatment and 

suicidality. But the literature still supports the possibility that threat and reward 

sensitivities may moderate the relationship between childhood maltreatment and 

suicidality. The following revised Secondary Aim and Exploratory Aim were proposed to 

test this: 

!" Revised Secondary Aim: At a trait-level, lower reward and elevated threat 

sensitivities would amplify the relationship between childhood maltreatment and 

suicidal thoughts.  

!" Revised Exploratory Aim: State-level reward and threat sensitivity were separated 

into within-person (person-centered) and between-person (person-mean) variance 

components, and the within-person components were tested as moderators of the 

maltreatment to observation-level ideation pathway.   

2$?-1$)'($,6%)3#*'/-0F'76)$#3&-6%'=-&5'&#3-&G4$?$4'#$=3#)'3%)'&5#$3&'1$%1-&-?-&-$1''

The unconditional main effects of childhood maltreatment and trait-level reward 

and threat sensitivities on recent suicidal ideation at the screener (n=839), study visit 

(n=95), and two-week follow-up (n=95) were explored. As can be seen in Tables 3 - 5, 
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late adolescents and emerging adults with a history of childhood maltreatment reported 

significantly elevated severity of recent suicidal ideation at the screener (p <0.001) and 

study visit (p <0.014), but not at the two-week follow-up assessment (p =0.211) although 

the association remained positive (B=1.14). In addition, participants with higher trait-

level threat sensitivity reported significantly elevated severity of recent suicidal ideation 

at the screener (p <0.001) and two-week follow-up (p <0.016), but not at the study visit 

assessment (p =0.070) although the association remained positive (B=0.77; see Tables 3-

5). At each of the three-assessment time-points, higher trait-level reward sensitivity was 

associate with lower severity of recent suicidal ideation but not to a significant degree.  

None of the two-way and three-way interactions between childhood maltreatment 

and trait-level reward and threat sensitivities predicted recent suicidal ideation at the 

study visit or at the two-week follow-up (as documented in Tables 4 and 5).  

The two-way interaction between childhood maltreatment and trait-level threat 

sensitivity was found to significantly predict recent suicidal ideation at the screener when 

holding all other variables constant (B=0.65, SE=0.62, p=0.039; as detailed in Table 3). 

To further probe the conditional effects of the interaction, the simple slopes of trait-level 

threat sensitivity on recent suicidal ideation were estimated for late adolescents and 

emerging adults with and without a history of childhood maltreatment (see Figure 6). 

Both those with and without a history of maltreatment who had higher trait-level threat 

sensitivity had significantly more severe recent suicidal ideation at the screener (B=1.23, 

SE=0.25, t=4.91, p<0.001; B=0.58, SE=0.19, t=3.08, p=0.002, respectively). Post hoc 

pairwise contrasts of estimated marginal means indicated that participants with a history 

of childhood maltreatment who experienced higher trait-level threat sensitivity had 2.71 
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more points of recent suicidal ideation at the screener (SE=0.43, t=6.27, p<0.001) 

compared to those without a history of childhood maltreatment.  

As detailed in Table 3, the three-way interaction between maltreatment and trait-

level reward and threat sensitivities was found to significantly predict recent suicidal 

ideation at the screener when holding all other variables constant (B=0.63, SE=0.56, 

p=0.027; see Appendix B for post-hoc simulated power analysis). To further probe the 

conditional effects of the interaction, the simple slopes of trait-level threat sensitivity on 

recent suicidal ideation were estimated at low, moderate, and high trait-levels of reward 

sensitivity for late adolescents and emerging adults with and without a history of 

childhood maltreatment (see Figure 7). Those without a history of maltreatment and 

higher trait-level threat sensitivity had higher levels of recent suicidal ideation at the 

screener at low and moderate trait-levels of reward sensitivity (B=0.77, SE=0.27, t=2.88, 

p=0.004; B=0.58, SE=0.19, t=3.09, p=0.002, respectively). Those with a history of 

maltreatment and higher trait-level threat sensitivity had higher levels of recent suicidal 

ideation at the screener at low, moderate, and high trait-levels of reward sensitivity 

(B=0.77, SE=0.34, t=2.28, p=0.023; B=1.22, SE=0.25, t=4.87, p<0.001; B=1.67, SE=0.33, 

t=5.10, p<0.001, respectively). 

Post hoc pairwise contrasts of estimated marginal means indicated that late 

adolescents and emerging adults with a history of childhood maltreatment who 

experienced higher trait-level threat sensitivity and lower trait-level reward sensitivity 

had 2.11 more points of recent suicidal ideation at the screener (SE=0.61, t=3.47, 

p=0.001) compared to those without a history of childhood maltreatment. Additionally, 

those with a history of childhood maltreatment who experienced higher trait-level reward 
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sensitivity had 1.53 less points of recent suicidal ideation at the screener (SE=0.64, 

t=2.38, p=0.046) compared to those with lower trait-level reward sensitivity, but only 

when trait-levels of threat sensitivity also were lower. This comparison was not 

significantly different when participants had higher trait-level threat sensitivity 

(p=0.902).
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Table 3. The association between childhood maltreatment and suicidal ideation at the screener moderated by threat and reward sensitivities. 

  BSS Total score at Screener BSS Total score at Screener BSS Total score at Screener BSS Total score at Screener 

Predictors Estimates CI p Estimates CI p Estimates CI p Estimates CI p 

(Intercept) 1.50 1.05 – 1.95 <0.001 1.50 1.05 – 1.95 <0.001 1.48 1.03 – 1.94 <0.001 1.48 1.03 – 1.93 <0.001 

History of 
maltreatment (CTQ; 
Yes vs. No) 

2.09 1.48 – 2.70 <0.001 2.09 1.48 – 2.70 <0.001 2.06 1.46 – 2.67 <0.001 2.06 1.45 – 2.67 <0.001 

Trait-level reward 
sensitivity (BAS; Z) 

-0.26 -0.55 – 0.04 0.084 -0.23 -0.61 – 0.15 0.234 -0.27 -0.57 – 0.02 0.071 -0.26 -0.64 – 0.12 0.177 

Trait-level threat 
sensitivity (BIS; Z) 

0.82 0.52 – 1.11 <0.001 0.82 0.52 – 1.12 <0.001 0.58 0.21 – 0.95 0.002 0.58 0.21 – 0.95 0.002 

Trait-level reward 
sensitivity (Z) X 
Maltreatment 

   
-0.08 -0.68 – 0.53 0.803 

   
-0.05 -0.65 – 0.55 0.869 

Trait-level threat 
sensitivity (Z) X 
Maltreatment 

      
0.65 0.03 – 1.26 0.039 0.63 0.02 – 1.25 0.043 

Trait-level reward 
sensitivity X threat 
sensitivity (Z) 

         
-0.18 -0.55 – 0.18 0.331 

Trait-level reward 
sensitivity X threat 
sensitivity (Z) X 
Maltreatment 

         
0.63 0.07 – 1.20 0.027 

Observations 839 839 839 839 

R# / R# adjusted 0.099 / 0.090 0.099 / 0.089 0.104 / 0.094 0.109 / 0.097 

Note. All models controlled for race. CI=Confidence intervals; CTQ=Childhood Trauma Questionnaire; BIS=Behavioral Inhibition System; BAS=Behavioral Activation System; 
BSS=Beck Scale for Suicide Ideation; Z=Z-standardized. 
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'
'
1?@=:A'WB'The association between childhood maltreatment 
and suicidal ideation at the screener is moderated by trait-
level threat sensitivity. This model controlled for race; Z=Z-
standardized; * p < .05, ** p < .01, *** p < .001. 

 
'
'
1?@=:A'XB'The association between childhood maltreatment and 
suicidal ideation at the screener is moderated by trait-level 
threat and reward sensitivities. This model controlled for race; 
Z=Z-standardized; CM=History of childhood maltreatment;  
* p < .05, ** p < .01, *** p < .001. 
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 Table 4. The association between childhood maltreatment and suicidal ideation at the study visit moderated by threat and reward sensitivities. 

  BSS Total score at Visit BSS Total score at Visit BSS Total score at Visit BSS Total score at Visit 

Predictors Estimates CI p Estimates CI p Estimates CI p Estimates CI p 

(Intercept) 0.95 -0.31 – 2.21 0.138 0.96 -0.31 – 2.23 0.137 1.01 -0.27 – 2.29 0.119 0.94 -0.35 – 2.23 0.150 

History of 
maltreatment (CTQ; 
Yes vs. No) 

2.13 0.45 – 3.80 0.014 2.10 0.41 – 3.80 0.015 2.30 0.54 – 4.05 0.011 1.28 -0.74 – 3.29 0.211 

Trait-level reward 
sensitivity (BAS; Z) 

-0.05 -0.84 – 0.74 0.898 0.04 -0.95 – 1.03 0.939 -0.01 -0.81 – 0.78 0.973 0.09 -0.96 – 1.14 0.866 

Trait-level threat 
sensitivity (BIS; Z) 

0.77 -0.07 – 1.61 0.070 0.78 -0.06 – 1.63 0.069 0.94 -0.03 – 1.90 0.057 0.91 -0.05 – 1.88 0.062 

Trait-level reward 
sensitivity (Z) X 
Maltreatment 

   
-0.24 -1.82 – 1.35 0.768 

   
-1.58 -3.75 – 0.58 0.149 

Trait-level threat 
sensitivity (Z) X 
Maltreatment 

      
-0.67 -2.60 – 1.27 0.496 0.39 -1.85 – 2.62 0.731 

Trait-level reward 
sensitivity X threat 
sensitivity (Z) 

         
0.09 -0.93 – 1.11 0.854 

Trait-level reward 
sensitivity X threat 
sensitivity (Z) X 
Maltreatment 

         
1.88 -0.25 – 4.01 0.083 

Observations 95 95 95 95 

R# / R# adjusted 0.233 / 0.162 0.234 / 0.153 0.238 / 0.157 0.279 / 0.173 

Note. All models controlled for race. CI=Confidence intervals; CTQ=Childhood Trauma Questionnaire; BIS=Behavioral Inhibition System; BAS=Behavioral Activation System; 
BSS=Beck Scale for Suicide Ideation; Z=Z-standardized. 

 



 43  

Table 5. The association between childhood maltreatment and suicidal ideation at the two-week follow-up moderated by threat and reward sensitivities. 

  BSS Total score at 2-Week  BSS Total score at 2-Week  BSS Total score at 2-Week  BSS Total score at 2-Week  

Predictors Estimates CI p Estimates CI p Estimates CI p Estimates CI p 

(Intercept) 1.37 0.01 – 2.72 0.048 1.37 0.01 – 2.74 0.049 1.38 0.01 – 2.76 0.049 1.34 -0.07 
 – 2.74 

0.062 

History of maltreatment (CTQ; Yes vs. 
No) 

1.14 -0.66 –  
2.94 

0.211 1.13 -0.68 –  
2.95 

0.218 1.18 -0.71 –  
3.07 

0.217 0.34 -1.85  
– 2.53 

0.758 

Trait-level reward sensitivity (BAS; Z) -0.19 -1.04 –  
0.65 

0.650 -0.17 -1.23  
– 0.90 

0.756 -0.18 -1.04 –  
0.67 

0.670 -0.13 -1.27  
– 1.01 

0.824 

Trait-level threat sensitivity (BIS; Z) 1.12 0.22 –  
2.02 

0.016 1.12 0.21  
– 2.03 

0.016 1.16 0.12 – 2.19 0.030 1.14 0.09 – 2.18 0.034 

Trait-level reward sensitivity (Z) X 
Maltreatment 

   
-0.07 -1.77  

– 1.63 
0.934 

   
-1.25 -3.61  

– 1.11 
0.294 

Trait-level threat sensitivity (Z) X 
Maltreatment 

      
-0.16 -2.24 –  

1.93 
0.882 0.70 -1.74  

– 3.13 
0.569 

Trait-level reward sensitivity X threat 
sensitivity (Z) 

         
0.03 -1.09  

– 1.14 
0.964 

Trait-level reward sensitivity X threat 
sensitivity (Z) X Maltreatment 

         
1.59 -0.73  

– 3.91 
0.176 

Observations 95 95 95 95 

R# / R# adjusted 0.242 / 0.172 0.242 / 0.162 0.242 / 0.162 0.266 / 0.158 

Note. All models controlled for race. CI=Confidence intervals; CTQ=Childhood Trauma Questionnaire; BIS=Behavioral Inhibition System; BAS=Behavioral Activation System; 
BSS=Beck Scale for Suicide Ideation; Z=Z-standardized. 
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The unconditional main effects of childhood maltreatment and within-person 

changes in observation-level reward and threat sensitivities on observation-level suicidal 

ideation across the EMA two-week period (n=45; observations=1,343) were explored. As 

seen in Table 6, a history of childhood maltreatment was not significantly associated at a 

between-person level with the severity of suicidal ideation captured across the EMA 

period (p =0.331), although the association was positive (B=0.46). Greater within-person 

variance in observation-level threat sensitivity was associated with significantly higher 

severity of suicidal ideation across the EMA period (p <0.001). Additionally, greater 

within-person variance in observation-level reward sensitivity was associated with 

significantly decreasing trajectories of suicidal ideation severity (p <0.001). 

The two-way interaction between childhood maltreatment and within-person 

changes in observation-level reward sensitivity was found to significantly predict 

trajectories of suicidal ideation when holding all other variables constant (B=-0.66, 

SE=0.27, p <0.001; as detailed in Table 6). To further probe the conditional effects of the 

interaction, the simple slopes of within-person changes in reward sensitivity on 

observation-level suicidal ideation were estimated for late adolescents and emerging 

adults with and without a history of childhood maltreatment (see Figure 8). Only those 

with a history of maltreatment and greater within-person variance in observation-level 

reward sensitivity exhibited decreasing severity of suicidal ideation across the EMA 

period (B=-0.75, SE=0.09, t=-8.58, p<0.001). 
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The three-way interaction between childhood maltreatment and within-person 

changes in observation-level reward and threat sensitivities was found to significantly 

predict observation-level suicidal ideation during the EMA period when holding all other 

variables constant (B=-0.48, SE=0.39, p=0.014; as detailed in Table 6). To further probe 

the conditional effects of the interaction, the simple slopes of within-person changes in 

threat sensitivity on observation-level suicidal ideation were estimated at low, moderate, 

and high within-person changes in reward sensitivity for late adolescents and emerging 

adults with and without a history of childhood maltreatment (see Figure 9). Participants 

without a history of maltreatment and higher within-person changes in threat sensitivity 

had higher severity of observation-level suicidal ideation at low, moderate, and high 

levels of within-person variance of reward sensitivity (B=0.46, SE=0.16, t=2.96, p<0.001; 

B=0.56, SE=0.11, t=5.07, p<0.001; B=0.65, SE=0.18, t=3.53, p<0.001, respectively). 

Participants with a history of maltreatment and higher within-person changes in threat 

sensitivity had higher severity of observation-level suicidal ideation at low and moderate 

levels of within-person variance of reward sensitivity (B=1.03, SE=0.17, t=6.07, p<0.001; 

B=0.64, SE=0.11, t=5.63, p<0.001, respectively). 

Post hoc pairwise contrasts of estimated marginal means indicated that late 

adolescents and emerging adults with a history of childhood maltreatment who 

experienced relatively more elevated observation-level threat sensitivity and relatively 

lower fluctuations in observation-level reward sensitivity had 1.70 more points of 

observation-level suicidal ideation (SE=0.55, t=3.08, p=0.003) compared to those without 

a history of childhood maltreatment. Additionally, those with a history of childhood 

maltreatment who experienced relatively more elevated observation-levels of threat and 
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reward sensitivities had 2.25 less points of observation-level suicidal ideation (SE=0.33, 

t=6.84, p<0.001) compared to those with relatively lower observation-level reward 

sensitivity. This comparison was not significantly different when participants had 

relatively lower fluctuations in observation-level threat sensitivity (p=0.108). 
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Table 6. The association between maltreatment and observation-level suicidal ideation moderated by threat and reward sensitivities across the EMA period. 

  Observation-level Suicidal 
Ideation 

Observation-level Suicidal 
Ideation 

Observation-level Suicidal 
Ideation 

Observation-level Suicidal 
Ideation 

Predictors Estimates CI p Estimates CI p Estimates CI p Estimates CI p 
(Intercept) 0.43 -0.39 –  

1.24 
0.304 0.43 -0.39 – 1.24 0.304 0.43 -0.39 – 1.24 0.304 0.43 -0.38 – 1.24 0.297 

History of maltreatment (CTQ; 
Yes vs. No) 

0.46 -0.47 –  
1.40 

0.331 0.46 -0.47 – 1.40 0.331 0.46 -0.47 – 1.40 0.331 0.47 -0.47 – 1.40 0.325 

Observation-level reward 
sensitivity (BAS; Z-PC) 

-0.49 -0.62 –  
-0.35 

<0.001 -0.09 -0.30 – 0.13 0.421 -0.49 -0.63 –  
-0.36 

<0.001 -0.08 -0.29 – 0.14 0.485 

Observation-level threat sensitivity 
(BIS; Z-PC) 

0.60 0.45 – 0.76 <0.001 0.61 0.46 – 0.77 <0.001 0.54 0.33 – 0.76 <0.001 0.56 0.34 – 0.77 <0.001 

Observation-level reward 
sensitivity (Z-PC) X Maltreatment 

   
-0.66 -0.93 –  

-0.39 
<0.001 

   
-0.66 -0.94 –  

-0.39 
<0.001 

Observation-level threat sensitivity 
(Z-PC) X Maltreatment 

      
0.12 -0.19 – 0.43 0.436 0.09 -0.22 – 0.40 0.585 

Observation-level reward 
sensitivity X threat sensitivity (Z-
PC) 

         
0.09 -0.16 – 0.35 0.471 

Observation-level reward 
sensitivity X threat sensitivity (Z-
PC) X Maltreatment 

         
-0.48 -0.87 –  

-0.10 
0.014 

Random Effects 
σ# 2.55 2.51 2.55 2.50 

τ$$ 2.19 %& 2.19 %& 2.19 %& 2.18 %& 

N 45 %& 45 %& 45 %& 45 %& 

Observations 1343 1343 1343 1343 

Marginal R# / Conditional R# 0.166 / 0.551 0.173 / 0.558 0.166 / 0.551 0.175 / 0.559 

Note. All models controlled for race. CI=Confidence intervals; CTQ=Childhood Trauma Questionnaire; BIS=Behavioral Inhibition System; BAS=Behavioral Activation System; 
EMA=Ecological momentary assessment; Z=Z-standardized; PC=Person-centered. 
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'
'
1?@=:A'YB'The association between childhood 
maltreatment and suicidal ideation across the EMA 
period is moderated by observation-level reward 
sensitivity. This model controlled for race; Z=Z-
standardized; * p < .05, ** p < .01, *** p < .001. 
 

     
'
'
1?@=:A'ZB The association between maltreatment and 
observation-level suicidal ideation is moderated by 
observation-level threat and reward sensitivities. These 
analyses were controlling for race; Z=Z-standardized; 
PC=Person-centered; CM=History of childhood maltreatment; 
* p < .05, ** p < .01, *** p < .001. 
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Given the increasing prevalence rates among young people, suicidality is a crucial 

public health concern (Curtin et al., 2016). Currently, 1 in 3 high school-age female 

students in the US reported seriously considering attempting suicide, and this rate has 

increased by 60% over the last ten years (CDC, 2023). Suicidality research currently 

lacks temporally proximal and potentially modifiable risk factors to build comprehensive 

prevention and intervention efforts, particularly for those already known to be at elevated 

risk, such as individuals with a history of childhood maltreatment. This project was the 

first to directly assess whether the potentially modifiable risk factors of inflammatory 

reactivity and threat and reward sensitivities may account for the relationship between a 

history of maltreatment and suicidal ideation in a short-term longitudinal design. In this 

study, a history of childhood maltreatment was consistently associated with greater 

severity of recent suicidal ideation across assessment time points. These findings concur 

with prior evidence indicating that childhood maltreatment has a strong independent role 

as a distal risk factor in the occurrence of suicidal ideation (Cha et al., 2018). However, 

counter to the hypothesis of the Primary, Secondary, and original Exploratory aims, the 

relationship between childhood maltreatment and suicidality across the study visit, 

follow-up assessment, and EMA period was not mediated by inflammatory reactivity 

levels in our sample, regardless of the level of reward or threat sensitivity. Namely, the 

history of maltreatment was not associated with inflammatory reactivity for any of the 

five markers. Additionally, only the reactivity to the reward and threat-salient stress task 

for one of the five markers, TNF-α, was associated with recent suicidal ideation at the 

study visit.  
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This project is the first to characterize the peripheral immune response to an acute 

reward and threat-salient laboratory stress task. Several prior studies have examined the 

change in innate circulating immune responses to an acute social stress task in adult 

samples and one in an adolescent sample. Out of three adult samples, only one found that 

those with a history of maltreatment had significantly greater plasma IL-6 levels 

following exposure to the Trier Social Stress Test (TSST) than those without 

maltreatment (Carpenter et al., 2010). However, like our results, both Pace et al. (2006) 

and Schreier et al. (2020) did not find an association between maltreatment overall and 

IL-6 levels following the TSST. But Schreier et al. (2020) did find that childhood 

physical neglect was associated with increased plasma IL-6 reactivity only after repeated 

exposure to the TSST over two days. This suggests that a failure to habituate to repeated 

stress exposure within the biological stress response system may occur for those with a 

history of maltreatment. Future studies should investigate the association between 

maltreatment and a lack of inflammatory habituation after repeated exposure to a reward 

and threat-salient stress task as the acute stress response following repeated exposure to 

stressors more closely mimics stress exposure during everyday life. Also, if the sample 

size permits, stratifying the inflammatory reactivity analyses by maltreatment subtypes is 

recommended for further investigations.  

In line with our findings, in an adolescent sample, Kuhlman et al. (2022) found 

that peripheral IL-6, CRP, and TNF-a reactivity levels from 0 to 90 minutes after the 

TSST were not significantly different for participants with and without childhood 

adversity (exposed to 4 or more adverse events). However, they did find that participants 

exposed to high levels of adversity demonstrated significantly increased levels of IL-6 
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from 60 to 90 minutes. In our sample, the single post-task blood draw was conducted 90 

minutes after the task because prior research in the field suggested this is an appropriate 

length to capture inflammatory reactivity to an acute stressor, in this case a goal-

frustration task to induce acute distress (Carroll et al., 2011; Moons et al., 2010). Their 

results indicate that future investigations may benefit from an additional intermediate 

blood draw at 60 minutes post-task to model how the inflammation reactivity trajectories 

differ for those with and without maltreatment. In conclusion, those with a history of 

maltreatment may have more exaggerated inflammatory reactivity following an acute 

stressor than those without, but repeated exposure to acute stressors or additional 

timepoints may be necessary to capture the differences in their slopes (Schreier et al., 

2020; Kuhlman et al., 2022; Kautz et al., 2023). 

The results of the Primary Aim indicated that only the increased inflammatory 

signaling of TNF-α following exposure to an acute stressor was associated with an 

increased risk for suicidal thoughts. This finding may be vital for specifying a target 

marker of risk (i.e., TNF- α) within the Miller and Prinstein (2019) failure of the acute 

stress response system theory of suicide risk in adolescence. Microglial activation results 

in the production of pro-inflammatory cytokines such as IL-1, IL-6, and TNF-α which 

have dual roles in neuroprotection and neurodegeneration (Smith et al., 2012). Elevation 

in TNF-α is a hallmark of acute and chronic neuroinflammation as well as several 

neurodegenerative conditions (McCoy & Tansey, 2008). Glial production of this 

multifunctional cytokine transmits molecular signals for biological functions such as 

first-line inflammation response, cell death, and cell proliferation. TNF-α response is 
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associated with exposure to both acute and chronic psychological stressor (Jang et al., 

2021; Rohleder, 2019).  

Our study was the first to examine the association of suicidal ideation and 

inflammatory reactivity following an acute stress task in a sample of adolescents and 

young adults. One other preliminary study previously examined the association between 

suicidal ideation and non-stimulated level of inflammatory cytokines in adolescents 

(Gabbay et al., 2009). Like our results, this previous study also did not find an association 

between IL-6 and suicidal ideation but did find that TNF-α was the sole inflammatory 

marker to distinguish between those adolescents with and without suicidal ideation. 

Although their results were very preliminary and only examined 12 adolescents, the 

consistent association of TNF-α dysregulation and risk for suicidal ideation in this sample 

is an area for further examination. The expression of TNF-α was found to be significantly 

higher in the prefrontal cortex of adolescents who died from suicide compared to controls 

(Pandey et al., 2012), and increased TNF-α genetic expression also was found in the 

dorsolateral prefrontal cortex of those who died from suicide (Wang et al., 2018). 

Although, it is not yet clear if TNF-α was associated with the physiological stress induced 

by the method of suicide or the psychological distress before death. TNF-α also can cross 

the blood-brain barrier and can increase neurodegeneration (Brymer et al., 2019). With 

the epigenetic dysregulation of this cytokine associated with death from suicide, the 

pruning of the prefrontal cortex via TNF-α is a potential mechanism of risk for suicidal 

ideation that warrants further exploration (Brymer et al., 2019; Serafini et al., 2020).  

The moderated mediation analyses assessing the original Secondary Aim 

indicated that the relationship between inflammatory reactivity to the stress task and 
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suicidality at the study visit and the two-week follow-up was not amplified by trait-level 

lower reward nor elevated threat sensitivity. However, the original Exploratory aim 

indicated that for participants with relatively high observation-level threat sensitivity 

(approximately 2 SD above the mean), there was a significant positive association 

between TNF-α and IL-8 reactivity and the severity of observation-level suicidal 

ideation. This is an area for novel studies in the future to further examine as no prior 

work has examined the association between inflammatory reactivity and cognitive 

proximal risk factors for suicidal ideation in real-time.  

Revised secondary and revised exploratory aims were proposed to fully explore 

the influence of reward and threat sensitivities as potential cognitive risk factors for 

suicidality when individuals have a history of childhood maltreatment. These findings 

showed that at both the trait- and observation-levels, lower reward and higher threat 

sensitivity were associated with increased severity of suicidal ideation. However, ideation 

was not significantly associated with trait-level of reward sensitivity, only with the 

observation-level. The two-way interaction results clarified that those late adolescents 

and emerging adults with a history of maltreatment and higher trait-levels of threat 

sensitivity had more severe suicidal ideation at the screener visit. Additionally, those with 

a history of maltreatment and relatively lower observation-levels of reward sensitivity 

had more severe suicidal ideation across the EMA period. These findings indicate that, as 

hypothesized, elevated threat and blunted reward sensitivity are important risk factors for 

suicidality within individuals with a history of maltreatment. However, our work 

indicates that this association may be stronger at trait-levels of high threat sensitivity and 

state-levels of low reward sensitivity.  
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This pattern also was observed in the three-way interaction results between 

maltreatment, reward sensitivity, and threat sensitivity. These findings indicated that 

trait-level threat sensitivity was the more potent risk factor. Regardless of trait-level 

reward sensitivity, those with a history of maltreatment and higher threat sensitivity had 

the highest levels of suicidal ideation at the screener. However, when trait-levels of threat 

sensitivity were lower, high trait-levels of reward sensitivity served as a protective factor 

against suicidal ideation for those with a history of maltreatment. As with the two-way 

interactions, reward sensitivity was more potent at the observation-level. For example, 

regardless of observation-level threat sensitivity in our sample, those with a history of 

maltreatment and relatively higher observation-levels of reward sensitivity were 

protected against suicidal ideation during the EMA period. However, those with a history 

of maltreatment with relatively high threat and low reward sensitivity had the greatest 

severity of observation-level suicidal ideation.  

Previous research found that reward and threat sensitivities increase the 

transdiagnostic risk for psychopathology following childhood trauma exposure 

(Armbruster-Genc et al., 2022; Jaffee, 2017; McLaughlin et al., 2020). As expected, our 

two- and three-way interactions indicated that higher threat and lower reward sensitivity 

were associated with more severe psychopathology (e.g., suicidal ideation). 

Transdiagnostic models of risk posit that youth who experience high levels of adversity 

become biased toward threat-related cues as an adaptive survival approach and 

experience blunted responses to rewarding stimuli due to the inconsistent presentation of 

rewards and more frequent presentation of punishments in these environments (Bousha & 

Twentyman, 1984; Cyr et al., 2010). Although in our bivariate correlations, higher threat 
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sensitivity was associated with maltreatment history whereas reward sensitivity was not 

significantly associated, this may be explained by the collapsing of maltreatment status 

across threat (abuse) vs. deprivation (neglect) dimensions (McLaughlin et al., 2014). 

Although very few studies have examined these cognitive risk factors within subtypes of 

maltreatment, one study found that those with at least one type of abuse had greater 

attentional bias toward threats (Herzog et al., 2018). And one study found that emotional 

neglect was distinctly associated with lower reward sensitivity compared to other 

maltreatment subtypes (Babad et al., 2019). Recent work has indicated that abuse and 

neglect exposure are related to distinct reward-related neural alterations in adolescence 

(Yang et al., 2021). Future studies in larger samples should explore if the strength of the 

threat and reward sensitivity mechanisms vary by threat vs. deprivation exposure.   

In line with our results, at a trait-level, higher threat and lower reward sensitivity 

measured by self-report have been associated with more severe recent suicidal ideation in 

samples of adults (Azadi et al., 2019; Khosravani et al., 2019; McCullumsmith et al., 

2015; Venables et al., 2015)1,2, college students (Buchman-Schmitt et al., 2017)1, and 

youth (Rasmussen et al., 2012). Although one prior study found that reward sensitivity 

was not associated with active suicidal ideation (based on a single interview question) in 

a youth outpatient sample (Pegg et al., 2020).  

Despite threat and reward sensitivities being strongly associated with childhood 

maltreatment and suicidality, this is the first study to directly examine these potentially 

modifiable cognitive risk factors as moderators of the association between maltreatment 

 
1!\#%$4/#&!#(!$/5!6]WYX9!$%)!C8.1;$%HE.1;,((!#(!$/5!6]WY^9!-%/3!#L$;,%#)!(1#!$&&-.,$(,-%!-B!(1*#$(!
&#%&,(,+,(3!$%)!&8,.,)$/!,)#$(,-%5!!
2!".78//8;&;,(1!#(!$/5!6]WYX9!-%/3!#L$;,%#)!(1#!$&&-.,$(,-%!-B!*#0$*)!&#%&,(,+,(3!$%)!&8,.,)$/!,)#$(,-%5! 
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and suicidal ideation. Two prior studies found similar results in risk-factor-specific 

samples. A history of childhood sexual abuse was associated with decreased sensitivity to 

rewards compared to those without a history of abuse in a sample of adults who all had a 

history of suicide attempts (Guillaume et al., 2013). Also, decreased reward sensitivity 

was associated with an increased frequency of self-harming behaviors (including 

suicidality and NSSI) for adults with a history of childhood sexual abuse and not for 

those without a history of abuse (Pechtel & Pizzagalli, 2013). Counter to our three-way 

interactions, one study found that participants with high trait-level reward sensitivity and 

high threat sensitivity were more likely to have made a suicide attempt in the past month. 

But this study did not account for a history of adversity or maltreatment and was focused 

on suicidal behavior rather than ideation (Bryan et al., 2022).  

This study had several strengths, including the relatively diverse sample of late 

adolescents and emerging adults. As a developmental period marked by dysregulated 

reward and threat modulation and increased physiological responses to stress (Casey et 

al., 2008; Stroud et al., 2009), adolescence and emerging adulthood is a period of unique 

vulnerability for suicide and, therefore, a critical period in which to investigate this model 

of suicide. Our sample of late adolescents and emerging adults was drawn from a 

university, which may limit the generalizability of our findings. Additionally, our sample 

had a majority of male identifying participants and future analyses in larger samples 

should investigate demographic confounds (e.g., gender identity) as moderators in 

models of suicide risk. The methodological design of this study uniquely allowed us to 

understand the connections between proximal cognitive risk factors and suicidal ideation 

in real-time and in combination with a laboratory-based measure of biological stress 
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reactivity. Assessing cognitive risk factors at the trait- and observation-levels also 

allowed us to examine the specific temporal role of these risk factors for ideation. 

Another strength is the ecologically valid assessment method used to assess suicidal 

ideation at an observation-level. As self-reports are limited due to recall biases, this 

momentary random sampling technique evaluated the severity of suicidal ideation and 

proximal risk factors in a way that more directly mirrored our participants’ experiences in 

a naturalistic setting. EMA measurement techniques may be particularly effective for late 

adolescents experiencing thoughts of self-harm due to barriers like the fear of self-

disclosure and help-seeking (Rowe et al., 2014).  

This study employed a relatively small EMA sample covering a brief observation 

period, preventing the full range of STBs across the ideation-to-action spectrum from 

being investigated. This limitation increases the need for replication in a larger sample, 

particularly one that also can assess suicidal behavior preparation and engagement on a 

momentary basis and can investigate whether these relationships differ across subtypes of 

childhood maltreatment (e.g., deprivation vs. threat). Animal and human models have 

indicated that the developmental timing of early traumatic events, such as maltreatment, 

may have a critical effect on reward and threat sensitivity development and should be 

considered in future models (Novick et al., 2018). This study also is limited by measuring 

inflammatory stress reactivity only once at the study visit. Future work should investigate 

the effect of repeated exposure to reward and threat-salient acute stress tasks on 

inflammatory reactivity as a predictor of suicidal ideation in a more intensive longitudinal 

study. 
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If the present findings related to threat and reward sensitivity are replicated in 

more extensive, independent samples, future studies should consider whether 

experimentally modifying these cognitive risk factors may reduce the severity of ideation 

for those with histories of maltreatment. A recent study found that more general 

approaches, such as general cognitive behavioral and supportive therapy, were ineffective 

at altering reward-related neural activation in a sample of adults with suicidal ideation 

(Klumpp et al., 2023). However, targeted interventions have been demonstrated as 

effective for changing these proximal risk factors, such as behavioral activation for 

increasing reward sensitivity (Dichter et al., 2009) and trauma-based therapy for reducing 

threat sensitivity (King et al., 2000). With further investigation, inflammation (i.e., TNF- 

α), threat sensitivity, and reward sensitivity are malleable factors that could serve as 

future intervention points in specialized treatments for individuals exposed to childhood 

maltreatment to prevent suicidality. 

In conclusion, those with histories of childhood maltreatment who were less 

sensitive to rewards and more aware of potential threats were likely to experience the 

most severe suicidal ideation. Specifically, those with a history of maltreatment and 

higher trait-level threat sensitivity experienced more severe recent suicidal ideation 

across the past two-weeks. But, within their daily experiences, those with a history of 

maltreatment were protected against momentary experiences of ideation if their level of 

reward sensitivity was relatively high compared to their own average, regardless of their 

current level of threat awareness. Inflammatory reactivity to acute stress did not explain 

the relationship between childhood maltreatment and suicidal ideation, but those 

participants with greater TNF- α reactivity to a reward and threat-salient acute stress task 
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reported more severe suicidal ideation. Additional research is needed to evaluate how 

these cognitive and biological risk factors might be clinically targeted to reduce risk for 

suicide within this vulnerable population. 

'
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Correlation analyses were run to assess how similar or different the BIS/BAS and 

BSS scores are across assessment timepoints in our sample (see Table 1S in Chapter 2). 

Results indicated that the BIS/BAS scores were highly correlated across timepoints. 

Therefore, in our analysis, trait-level reward and threat sensitivities were captured by the 

first assessment timepoint that the participant completed the BIS/BAS scales.'

'
'
'
'
'

'
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Table 1S. Means, standard deviations, and correlations across assessment timepoints. 
Variable M SD 1 2 3 4 5 6 7 8 9 10 11 
              
1. BAS Total Score 
at Screener 38.83 6.01                       

2. BAS Total Score 
at Study Visit 38.72 6.53 .68**                     

3. BAS Total Score 
at Two-week 
Follow-up 

38.12 6.25 .69** .77**                   

4. BAS Total Score 
at Four-week 
Follow-up 

37.34 5.93 .71** .74** .80**                 

5. BIS Total Score 
at Screener 22.44 3.93 .17 -.13 .01 .21               

6. BIS Total Score 
at Study Visit 21.85 3.98 .17 -.09 -.02 .04 .69**             

7. BIS Total Score 
at Two-week 
Follow-up 

21.66 3.98 .09 -.22* .04 -.03 .72** .72**           

8. BIS Total Score 
at Four-week 
Follow-up 

22.69 4.27 .08 -.19 .12 .13 .75** .62** .83**         

9. BSS Total Score 
at Screener 3.35 5.53 -.04 -.02 -.03 -.15 .27* .23* .26* .10       

10. BSS Total Score 
at Study Visit 2.04 3.96 -.03 -.11 -.08 -.20 .23* .24* .21* .17 .79**     

11. BSS Total Score 
at Two-week 
Follow-up 

2.19 4.28 -.05 -.10 -.08 -.14 .24* .23* .22* .21 .78** .76**   

12. BSS Total Score 
at Four-week 
Follow-up 

3.23 5.90 -.19 -.21 -.11 -.15 .04 .05 .17 .22 .72** .83** .95** 

                            
Note. M and SD are used to represent mean and standard deviation, respectively. BIS=Behavioral Inhibition System; BAS=Behavioral Activation System; BSS=Beck Scale for Suicide 

Ideation; * p < .05. ** p < .01. 

'
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The Primary Aim analyses were conducted by estimating mediation models. As 

shown in Figures 3A to 3E and Table 2S, effect of childhood maltreatment history on 

recent suicidal thoughts at the study visit was not mediated via the level of inflammatory 

reactivity to the reward and threat-salient stress task for any of the five markers. The 

indirect effects described in Table 2S indicates that the indirect effects are not significant 

for any of the models.  
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 As demonstrated in the Primary Aim results, childhood maltreatment did not 

significantly predict the level of inflammatory reactivity for any of the five markers when 

holding constant gender, race, and BMI. As shown in Table 4S and 5S, childhood 

maltreatment continues to not significantly predict the level of inflammatory reactivity 

for all five markers when holding constant trait reward sensitivity (BAS), trait threat 

sensitivity (BIS), gender, race, and BMI. The interaction of inflammatory reactivity for 

all five markers and trait reward sensitivity was not significantly associated with recent 

suicidal thoughts at the study visit when controlling for trait threat sensitivity, gender, 

and race (see Tables 4S and Figures 1S A-E). Additionally, the interaction of 

inflammatory reactivity for all five markers and trait threat sensitivity was not 

significantly associated with recent suicidal thoughts at the study visit when controlling 

for trait reward sensitivity and race (see Tables 4S and Figures 2S A-E). As shown in 

Table 4S, each of the indirect effects were not significant, which indicates that the 

relationship between childhood maltreatment and recent suicidality at the study visit was 

not mediated by inflammatory reactivity at high, low, and average levels of trait reward 

and threat sensitivities.  

 For the moderated mediation models predicting recent suicidal ideation at the 

two-week follow-up, the interaction of inflammatory reactivity for all five markers and 

trait reward sensitivity was not significantly associated with recent suicidal thoughts at 

the two-week follow-up when controlling for trait threat sensitivity, gender, and race (see 

Tables 5S and Figures 3S A-E). Additionally, the interaction of inflammatory reactivity 



 66  

for all five markers and trait threat sensitivity was not significantly associated with recent 

suicidal thoughts at the two-week follow-up when controlling for trait reward sensitivity, 

gender, and race (see Tables 5S and Figures 4S A-E). As shown in Table 5S, each of the 

indirect effects were not significant, which indicates that the relationship between 

childhood maltreatment and recent suicidality at the two-week follow-up was not 

mediated by inflammatory reactivity at high, low, and average levels of trait reward and 

threat sensitivities. 

H#-;-%34'BE+46#3&6#*'/-0 F'7$)-3&-6%'06)$41'6.'6:1$#?3&-6%G4$?$4'1"-,-)34'-)$3&-6%'

In line with the findings from the Primary Aim and original Secondary Aim, the 

effect of childhood maltreatment history on observation-level suicidal ideation across the 

EMA period was not mediated via the level of inflammatory reactivity to the reward and 

threat-salient stress task for all five markers. As Figures 5SA to 5SE illustrate, the total 

effects indicated that a history of childhood maltreatment was not significantly associated 

with observation-levels of suicidal ideation across the two-week EMA period in the 

analytic sample who completed both blood draws and the EMA protocol (n=26). As 

shown in Table 6S, each of the bootstrapped indirect effects was not significant, which 

indicates that the relationship between childhood maltreatment and observation-levels of 

suicidal ideation was not mediated by inflammatory reactivity at high, low, and average 

observation-levels of reward and threat sensitivities. Childhood maltreatment also did not 

significantly predict the level of inflammatory reactivity for all five markers when 

holding constant trait reward sensitivity (BAS), trait threat sensitivity (BIS), gender, race, 

and BMI.  
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Only the interaction of TNF-α reactivity and observation-level reward sensitivity 

was significantly associated with observation-level suicidal thoughts during the 

subsequent two-weeks (B=-0.13, SE=0.11, p=0.025; see Tables 6S and Figures 5S A-E). 

To further probe the conditional effects of the interaction, the simple slopes of TNF-α 

reactivity on observation-level suicidal ideation were estimated for late adolescents and 

emerging adults at high (+1 SD above the mean), average, and low (-1 SD below the 

mean) levels of within-person changes in reward sensitivity. However, the association 

was not significantly different from zero at relatively high, average, or low observation-

levels of reward sensitivity (B=-0.01, SE=0.19, t=-0.03, p=0.98; B=0.07, SE=0.18, 

t=0.41, p=0.69; B=0.15, SE=0.19, t=0.83, p=0.42, respectively). Johnson-Neyman 

analyses indicated that within-person changes in reward sensitivity was not a significant 

moderator of this association at any observed levels in our sample.  

The interactions of TNF-α and IL-8 reactivity with observation-level threat 

sensitivity were significantly associated with observation-level suicidal thoughts (B=0.28, 

SE=0.11, p<0.001; B=0.35, SE=0.13, p<0.001; see Tables 6S and Figures 6S A-E). To 

further probe the conditional effects of the interaction, the simple slopes of TNF-α and 

IL-8 reactivity on observation-level suicidal ideation were estimated for late adolescents 

and emerging adults at high (+1 SD above the mean), average, and low (-1 SD below the 

mean) levels of within-person changes in threat sensitivity. The association of TNF-α 

reactivity with suicidal ideation was not significantly different from zero at relatively 

high, average, or low observation-levels of threat sensitivity (B=0.24, SE=0.19, t=1.27, 

p=0.22; B=0.07, SE=0.18, t=0.41, p=0.69; B=-0.09, SE=0.19, t=-0.47, p=0.64, 

respectively). However, Johnson-Neyman analyses indicated that participants with higher 
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within-person changes in threat sensitivity (+1.87 SD above the mean) and elevated TNF-

α reactivity had significantly more severe observation-level suicidal ideation. 

Additionally, those with lower within-person changes in threat sensitivity (-2.90 SD 

below the mean) and elevated TNF-α reactivity had significantly less severe observation-

level suicidal ideation.  

This same pattern was found for the reactivity of IL-8. The association of IL-8 

reactivity with suicidal ideation was not significantly different from zero at relatively 

high, average, or low observation-levels of threat sensitivity (B=0.21, SE=0.19, t=1.10, 

p=0.29; B=0.01, SE=0.19, t=0.04, p=0.96; B=-0.19, SE=0.19, t=-1.01, p=0.32, 

respectively). However, Johnson-Neyman analyses indicated that participants with higher 

within-person changes in threat sensitivity (+1.89 SD above the mean) and elevated IL-8 

reactivity had significantly more severe observation-level suicidal ideation. Additionally, 

those with lower within-person changes in threat sensitivity (-2.00 SD below the mean) 

and elevated IL-8 reactivity had significantly less severe observation-level suicidal 

ideation. 

 
'
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Figures 1S (A-E). Moderated mediation examining the amplification by trait reward sensitivity in the prediction of suicidal ideation at the study visit. At the base of each figure the 
total effect is displayed, and the direct effect is displayed in parentheses. All models on the a-path controlled for gender, race, and body mass index and all models on the b-path 
controlled for race. CM=History of childhood maltreatment; SI=Suicidal ideation; CRP=C-reactive protein; IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
 

 
 
Figures 2S (A-E). Moderated mediation examining the amplification by trait threat sensitivity in the prediction of suicidal ideation at the study visit. At the base of each figure the total 
effect is displayed, and the direct effect is displayed in parentheses. All models on the a-path controlled for gender, race, and body mass index and all models on the b-path controlled 
for race. CM=History of maltreatment; SI=Suicidal ideation; CRP=C-reactive protein; IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
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!

 
 
Figures 3S (A-E). Moderated mediation examining the amplification by trait reward sensitivity in the prediction of suicidal ideation at the two-week follow-up. The total effect is 
displayed below, and the direct effect is displayed in parentheses. All models on the a-path controlled for gender, race, and body mass index and on the b-path controlled for race. 
CM=History of childhood maltreatment; SI=Suicidal ideation; CRP=C-reactive protein; IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
 

 
 
Figures 4S (A-E). Moderated mediation examining the amplification by trait threat sensitivity in the prediction of suicidal ideation at the two-week follow-up. The total effect is 
displayed below, and the direct effect is displayed in parentheses. All models on the a-path controlled for gender, race, and body mass index and on the b-path controlled for race. 
CM=History of childhood maltreatment; SI=Suicidal ideation; CRP=C-reactive protein; IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
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Figures 5S (A-E). Moderated mediation examining the amplification by observation-level reward sensitivity in the prediction of observation-level suicidal ideation. The total effect 
is displayed below, and the direct effect is displayed in parentheses. All models on the a-path controlled for gender, race, and body mass index and on the b-path controlled for race. 
CM=History of childhood maltreatment; SI=Suicidal ideation; CRP=C-reactive protein; IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
 

 
 
Figures 6S (A-E). Moderated mediation examining the amplification by observation-level threat sensitivity in the prediction of observation-level suicidal ideation. The total effect 
is displayed below, and the direct effect is displayed in parentheses. All models on the a-path controlled for gender, race, and body mass index and on the b-path controlled for race. 
CM=History of childhood maltreatment; SI=Suicidal ideation; CRP=C-reactive protein; IL=interleukin; TNF-α=Tumor necrosis factor alpha; * p < .05, ** p < .01. 
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1?@=:A'X#B Data collection timeline and exclusion criteria across each phase. FU = Follow-up; CTQ=Childhood Trauma 
Questionnaire; BSS=Beck Scale for Suicide Ideation; BIS=Behavioral Inhibition System; BAS=Behavioral Activation System; 
EMA=Ecological momentary assessment; BMI=Body mass index.  
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A post-hoc power analysis was conducted to assess the acceptability of the 

moderated mediation analyses including all participants who completed both blood draws 

within the EMA subset sample (n=26, observations = 807). The power analysis utilized 

the Monte-Carlo method of simulating the power of mixed-effect model analyses. The 

simr package in R was used to estimate the minimum sample size required to have 

adequate power for our original Exploratory Aim analysis with a standardized small to 

medium effect size of 0.2 as recommended by Arend and Schafer (2019; Green & 

MacLeod, 2016). The simulations indicated that our sample size would produce adequate 

power for the two-way interaction of “Change in CRP X Observation-level Threat 

Sensitivity [Z-PC]” and for the two-way interaction of “Change in CRP X Observation-

level Reward Sensitivity [Z-PC]” predicting observation-level suicidal ideation. The 

simulated power for the reward and threat sensitivities two-way interactions predictor 

with a random intercept included was 100% (CI 95%: 98.17 – 100.00).  

C61&G56,'+6=$#'3%34*1-1'6.'#$?-1$)'BE+46#3&6#*'/-0'

An additional post-hoc power analysis was conducted to assess the acceptability 

of the moderated analyses including all participants within the EMA subset sample 

(n=45, Observations = 1,343). The power analysis again utilized the Monte-Carlo method 

to estimate the minimum sample size required to have adequate power for our revised 

Exploratory Aim analysis with a standardized small to medium effect size of 0.2 (Arend 

& Schafer, 2019; Green & MacLeod, 2016). The simulations indicated that our sample 
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size would produce adequate power for the three-way interaction of “Maltreatment X 

Observation-level Reward Sensitivity [Z-PC] X Observation-level Threat Sensitivity [Z-

PC]” predicting observation-level suicidal ideation. The simulated power for the three-

way interaction predictor with a random intercept included was 88% (CI 95%: 82.67 – 

92.16). 
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 Childhood maltreatment is a consistent risk factor for suicidality, but the 

mechanisms that increase the risk of suicide for some individuals with a history of 

maltreatment remain unknown. Drawing on previous work identifying the impact of 

maltreatment on changes in cognition, the present systematic review examined four 

potential proximal risk factors for suicidality and highlighted the lack of literature 

directly testing these moderators and mediators. A systematic literature search was 

performed in the Medline, PsycInfo, and PsycArticles databases identifying publications 

from inception to April 11th, 2021. Studies only were included if they examined the 

associations between maltreatment or suicidality and one of the four potential 

mechanisms, or if they directly tested one of the mechanisms as a moderator or mediator 

of the maltreatment - suicidality relationship. The review included 200 eligible studies. 

The findings indicate that hypervigilance to threats, dampened reward responsivity, 

increased ruminative thinking, and elevated emotional reactivity were consistently 

associated with both a history of maltreatment and an increased risk for suicidality. 

However, only five out of the 200 studies reviewed directly tested these four potentially 

modifiable proximal risk factors as moderators or mediators in the relationship between 

childhood maltreatment and suicidality. All five of these studies were cross-sectional, 

limiting the conclusions that can be drawn about these mechanisms at a causal level. The 

theoretical and clinical implications of these four potential mechanisms and the differing 

associations of these risk factors across subtypes of maltreatment and across the suicidal 

ideation to action spectrum are discussed.  

(AP_;:<D`' Child Abuse; Child Maltreatment; Proximal Risk Factors; Suicide; Ideation'
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 This review aims to systematically examine the existing literature to identify 

proximal risk factors for suicidality that could explain why childhood maltreatment is a 

persistent distal risk factor for suicide. Four meta-analyses over the past five years have 

confirmed childhood abuse and neglect as risk factors for suicidality. Despite knowledge 

of childhood maltreatment as a stable risk factor for suicidal thoughts and behaviors (Cha 

et al., 2018; Franklin et al., 2017), there is a dearth of theories of suicide that propose 

potentially modifiable proximal risk factors in this vulnerable population. Most 

theoretical models of suicidal behavior developed over the last two decades identify 

childhood maltreatment as a key risk factor, but they do not incorporate proximal 

mechanisms linking maltreatment with increased risk for psychopathology (Díaz-Oliván 

et al., 2021; Jaffee, 2017). The field already has identified several proximal risk factors 

that are altered following childhood maltreatment. These same proximal risk factors have 

been found across many studies to increase risk for suicidal thoughts and behaviors, but 

almost none of these same studies control for maltreatment, let alone, directly test these 

risk factors as moderators or mediators of the relationship between maltreatment and 

suicidality.  

 The goal of this review is to highlight four of these proximal risk factors that have 

been previously associated with both maltreatment and suicidality but are lacking the 

bridging work to test them as mechanisms. We chose to focus on rumination, emotional 

reactivity, reward and threat sensitivity because these four proximal risk factors have 

been identified consistently as 1) processes that are altered following exposure to 
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maltreatment in recent models of transdiagnostic mechanisms linking childhood trauma 

with psychopathology, 2) transdiagnostic risk factors for suicidality, and 3) modifiable 

over time and via intervention (Braithwaite et al., 2017; Jaffee, 2017; McLaughlin et al., 

2020; O'Connor & Nock, 2014; Teicher et al., 2016). While often measured as traits, each 

of these four proximal risk factors have been found to vary daily, particularly following 

stressors (Dickson et al., 2012; Holas et al., 2019; Houben et al., 2018; Menne-Lothmann 

et al., 2012). Interventions also have been demonstrated as effective for modifying each 

of these proximal risk factors, such as behavioral activation for increasing reward 

sensitivity (Dichter et al., 2009), trauma-based therapy for reducing threat sensitivity 

(King et al., 2000), cognitive-behavioral therapy and mindfulness techniques for reducing 

rumination (Querstret & Cropley, 2013), and skills-based psychotherapeutic 

interventions, like dialectical behavioral therapy, for reducing emotional reactivity 

(Britton et al., 2012; Feliu-Soler et al., 2014). Although the effectiveness of these 

interventions for reducing suicidality among those with a history of maltreatment is 

understudied, these interventions have been used to reduce psychopathology in survivors 

of maltreatment and have been found to reduce suicidal ideation for those without a 

history of maltreatment (Bryan et al., 2016; Euler et al., 2021).  

#=Q9PFA'>;8D?<A:E9?;8D'

 The associations of childhood maltreatment with specific types of suicidality 

across the ideation-to-action spectrum have not been conclusive. For example, a meta-

analysis of children and adolescents confirmed the strong association between 

experiences of childhood maltreatment and suicidal ideation and between childhood 

sexual abuse and suicide plans specifically (Angelakis et al., 2020). In adulthood, one 
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meta-analysis found a strong association between childhood maltreatment and suicidal 

ideation (Angelakis et al., 2019). Another meta-analysis confirmed that childhood 

maltreatment increases the risk of suicidal behavior in adulthood, but they did not find 

support for the risk for suicidal ideation (Liu et al., 2017). The relationship between 

childhood maltreatment and suicide attempts also was confirmed in a nationally 

representative sample of almost 35,000 adults (Hoertel et al., 2015).   

 When considering the effect of childhood maltreatment subtypes, meta-analyses 

also presented mixed findings. Angelakis et al. (2019) suggest that extant findings 

support a single mechanism linking all types of childhood maltreatment and suicidality. 

However, Liu et al. (2017) found that emotional abuse had the strongest effect out of the 

five types of maltreatment on the risk for suicidality indicating that the strength of 

proximal risk factors associations may vary depending on the maltreatment subtype. 

Additionally, another meta-analysis found that, in descending order, physical, emotional, 

and sexual abuse and physical neglect during childhood contribute the most to the 

likelihood of engaging in a suicide attempt (Zatti et al., 2017). Given the varied 

associations between specific subtypes of maltreatment and suicidality, whenever 

possible, this review worked to identify whether different modifiable risk factors may be 

important for specific subtypes.   

H:I$,&-?$1'

' The present systematic review focused exclusively on proximal risk factors that 

may potentially moderate or mediate the relationship between childhood maltreatment 

and suicidality in both community and clinical samples. We expected to find that 

individuals with a history of maltreatment or with suicidality would display blunted 
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reward sensitivity, elevated threat sensitivity, increased rumination, and heightened 

emotional reactivity. Although limited in the extant literature, this review will summarize 

any studies testing the proximal risk factors as mediators or moderators to explore their 

potential as mechanisms linking maltreatment and suicidality.  

0A9C;<D'

 The PRISMA guidelines were adopted in the reporting of the methodology and 

results of this systematic review. 

#AE:>C'D9:E9A@P'

 A literature search was conducted in the Medline, PsycInfo, and PsycArticles 

databases using the search terms in Table 1. The search results were limited to peer-

reviewed journal publications since inception to April 11th, 2021. The search terms used 

in the current review are based on a review of the search terms used in several prior 

systematic reviews of childhood maltreatment and suicidality, which when combined 

yielded an extensive set of search terms ensuring a comprehensive screening of possibly 

eligible studies. This same approach was adopted to arrive at a final and exhaustive set of 

search terms for each of the proximal risk factors. In addition, manual searches also 

investigated the reference lists of relevant studies, previous meta-analyses, and relevant 

journals.  

#AHA>9?;8'>:?9A:?E'

 This review focused on the difference in target proximal mechanisms (reward 

sensitivity, threat sensitivity, rumination, and emotional reactivity) between individuals 

with and without a history of childhood maltreatment and between those with and 

without experiences of suicidality (lifetime or current). This review focused on exposure 
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to childhood maltreatment prior to age 18, including physical, sexual, emotional, and 

psychological abuse, and physical and emotional neglect. Maltreatment was defined as 

abuse, neglect, or both of a particular type, such that “physical maltreatment” would 

encompass both physical abuse and neglect. Participants who experienced childhood 

maltreatment prior to age 18 based on prospective or retrospective report or participants 

who experienced past or current suicidal thoughts and behaviors, including suicide 

ideation, plans, and/or attempts, were included. Both community and clinical samples 

were included in this review. 

 Childhood maltreatment and lifetime suicidal thoughts and behaviors were 

required to be assessed using a standardized self-report or via interview. Target proximal 

mechanisms (reward sensitivity, threat sensitivity, rumination, and emotional reactivity) 

were required to be assessed using standardized self-reports, interviews, or behavioral 

tasks. Although behavioral and/or physiological data from tasks used in neuroimaging 

procedures were included in this review, neural activation and structural brain assessment 

data were not included as a measure of the proximal risk factors because of the overlap in 

related brain regions between the four target mechanisms. Information about the 

relationship between neural activation and structural differences for those with a history 

of maltreatment and suicidality can be found in prior reviews (Cassiers et al., 2018; 

Dominguez-Baleon et al., 2018).  

 All studies included in the review met the following eligibility criteria: 1) 

Included participants who had experienced any form of childhood maltreatment (such as 

abuse or neglect) or any form of suicidality (such as suicidal ideation, planning, or 

attempts); 2) Utilized quantitative research designs; 3) Reported quantitative outcomes of 
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the association between a) core forms of maltreatment and one of the four target proximal 

risk factors, between b) core forms of suicide thoughts and behaviors and the target 

proximal risk factors, or c) examined the target proximal risk factors as a moderator or 

mediator of the relationship between maltreatment and suicidality; 4) Written in English 

and published in a peer-reviewed journal. 

 We excluded studies that were qualitative studies, case series, case studies, 

position papers, reviews, dissertations, theses, articles that focused on other forms of 

childhood adversities, such as bullying, witnessing violence, parental divorce, and 

loss/death of a loved one, and those that did not provide data appropriate for assessing 

one of the three associations described above. Articles that focused on samples 

experiencing childhood deprivation alone were not included if a standard measure of 

neglect was not given to participants.  

.E9E'A\9:E>9?;8'

 For each of the four target proximal risk factors, the associations were examined 

between a) core forms of childhood maltreatment and the target proximal risk factor and 

between b) suicide thoughts and behaviors and the target proximal risk factor. If relevant 

data were available, c) the target proximal risk factors as a moderator or mediator of the 

relationship between maltreatment and suicidality also were assessed. The positive or 

negative directionality of the relationship between target proximal risk factors and 

childhood maltreatment or suicidality were reported. Effect sizes were assessed by group 

difference indices, strength of association indices, squared association indices, and risk 

estimates (e.g., odds ratios). Subgroup synthesis, if possible, investigated the differences 

in effect by type of maltreatment exposure and by type of suicidality (i.e., ideation vs 



 

 101  

attempt history). Ranges of effect sizes were included when available; see Table S1 for 

effect size cutoff points (Chen et al., 2010; Cohen et al., 2013). 

 To identify the eligible studies, first, the primary investigator reviewed the titles 

and abstracts of each article and screened them to identify potential studies for inclusion. 

Second, the primary investigator reviewed the full texts of potential studies and screened 

against the inclusion and exclusion criteria of this review. Third, a subset of studies was 

checked by the second author (κ = 0.759), and any disagreements were settled by 

consensus and discussion.  

 Key study data were systematically extracted from the eligible studies. 

Information that was extracted included: Participants (number, mean age, gender, race, 

type of maltreatment exposure, type of suicidal thoughts and behaviors, recruitment 

setting); study (country and year conducted, research design, and type of measures for 

maltreatment, suicidality, and target proximal risk factors); results (analytic approach and 

directionality of target associations). The risk of bias was assessed through sample 

selection, measurement of primary variables, analytic approach, reported outcomes, and 

covariates. 

%AD=H9D'

#9=<P'DAHA>9?;8'

 The executed search strategy yielded a total of 5,104 articles, of which 3,723 were 

unique reports once duplicate and non-English manuscripts were removed. 3,133 articles 

were excluded by the first author based on their titles and abstracts and 390 articles were 

excluded after the full-text review. The reasons for exclusion, with the relevant number 

of articles excluded, are provided in the flowchart depicted in Figure 1. Based on the 
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inclusion and exclusion criteria, 200 remaining articles were included in our review; 12 

for maltreatment and reward sensitivity, 16 for reward sensitivity and suicidality, 28 for 

maltreatment and threat sensitivity, 10 for threat sensitivity and suicidality, 20 for 

maltreatment and rumination, 68 for rumination and suicidality, 3 for rumination as a 

mediator, 20 for maltreatment and emotional reactivity, 28 for emotional reactivity and 

suicidality, and 2 for emotional reactivity as a moderator.  

5:;\?IEH':?DM'NE>9;:D'QA9_AA8'>C?H<C;;<'IEH9:AE9IA89'E8<'D=?>?<EH?9P  

 To facilitate comparison, the directions of the proximal risk factor findings were 

reported as either increased, decreased or unchanged as compared to the non-maltreated 

or non-suicidal control groups. A visual summary of all proximal risk factor findings is 

provided in Table 2. The extracted data for each included article are listed in Tables 3-6. 

2$=3#)'1$%1-&-?-&*'

 Reward sensitivity was defined for this review as the behavioral, physiological, or 

self-reported responsivity to rewarding stimuli (both monetary and social rewards were 

included). Measurements of anhedonia symptoms were not included as assessments of 

reward sensitivity in this review because, although it is a critical clinical feature 

associated with suicidality, anhedonia is frequently conceptualizes a downstream 

combination of decreased hedonic sensitivity and motivational capacity, not reward 

sensitivity specifically (Ducasse et al., 2018). As seen in Table 3, most studies examining 

reward sensitivity as a proximal risk factor had cross-sectional designs, and only one 

reported a longitudinal design. Sample sizes varied considerably, ranging from 44 to 

2435 participants. Nine studies focused on the effect of reward sensitivity in children and 

adolescents (mean ages ranging from 8.08 to 16.95 years old), with the other studies 
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being conducted in adults. Many studies described mixed gender samples, with two 

studies reporting on an exclusively male sample and one exclusively female sample. Two 

studies included analyses examining specific subtypes of maltreatment, whereas the 

majority focused on higher-order categories of maltreatment. All the included studies 

focused on a specific type of suicidal thoughts or behaviors. Finally, the reward 

sensitivity measurement modalities included 18 studies using behavioral tasks and 10 

using self-report measures. 

%A_E:<'E8<'>C?H<C;;<'IEH9:AE9IA89B'Individuals with a history of childhood 

maltreatment have been found to exhibit a blunted response to rewarding cues in 8 out of 

12 studies ranging from small to large effect sizes. A history of maltreatment and greater 

severity of maltreatment was associated consistently with lower sensitivity to rewards, 

but when neglect was studied individually, more mixed effects were found. In two out of 

three studies of neglect alone, no significant relationship was identified (Dennison et al., 

2019; Kasparek et al., 2020). But, in a study comparing maltreatment subtypes, emotional 

neglect was associated with lower self-reported reward sensitivity (β = -.12 [95% CI = -

.15 – -.01], p < .05; (Babad et al., 2019). '

%A_E:<'E8<'D=?>?<EH?9PB'Self-reported and behavioral measures all indicated that 

blunted sensitivity to rewards was associated with a lifetime history of suicide attempts 

ranging from small to large effect sizes (7 studies) and recent suicidal ideation ranging 

from small to moderate effect sizes (5 studies) in a variety of samples across 

development. Although findings were consistent such that lower, not higher, sensitivity to 

rewarding cues was associated with suicidality, there were mixed findings with 5 out of 

16 studies finding no relationship between these factors, particularly when accounting for 
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clinical covariates, such as comorbid psychological disorders and negative urgency (t = -

1.26 [95% CI = -6.09 – 1.36], p > .05, Cohen’s d = 0.21;  (Ammerman et al., 2017). '

.?:A>9'9AD9';N'IA<?E9;:';:'I;<A:E9;:'?8':AHE9?;8DC?FB'Based on our inclusion 

and exclusion criteria, no studies were identified that directly tested reward sensitivity as 

a moderator or mediator of the relationship between childhood maltreatment and 

suicidality. Although not directly testing this relationship or assessing causality, two 

studies were found that support reward sensitivity as a potential mechanism through 

examining these effects in risk-factor specific samples. Within a sample of adults with a 

history of suicide attempts, childhood sexual abuse continued to be associated with 

decreased sensitivity to rewards compared to those without a history of abuse (Guillaume 

et al., 2013). Another study found that the frequency of self-harming behaviors (including 

suicidality and NSSI) was related to decreased reward sensitivity for adults with a history 

of childhood sexual abuse and not for those without a history of abuse (Pechtel & 

Pizzagalli, 2013). 

<5#$3&'1$%1-&-?-&*'

 Threat sensitivity was defined for this review as behavioral, physiological, or self-

reported attention devoted toward or away from stimuli perceived as threatening. 

Measurements of suicide-specific attentional bias were not included as assessments of 

threat sensitivity in this review to allow for direct comparison to maltreatment focused 

associations. As seen in Table 4, all studies examining threat sensitivity as a proximal 

risk factor had cross-sectional designs. Sample sizes ranged from 28 to 3855 participants. 

Seven studies focused on the effect of threat sensitivity in children and adolescents (mean 

ages ranging from 10.05 to 18 years). Two studies reported on an exclusively male 
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sample and nine reported on an exclusively female sample. Three studies investigated a 

maltreatment subtype, and four studies investigated a specific type of suicidal thoughts or 

behaviors. Finally, threat sensitivity was measured using behavioral tasks (25 studies), 

self-reports (6 studies), and physiological reactivity (2 studies).  

$C:AE9'E8<'>C?H<C;;<'IEH9:AE9IA89B'Individuals with a history of childhood 

maltreatment have been found to exhibit an elevated response to threatening cues in 20 

out of 28 studies ranging from small to large effect sizes. A history of sexual abuse, 

physical abuse, and emotional neglect all were associated with greater levels of threat 

sensitivity when studied alone. However, when the five subtypes of maltreatment were 

compared, only emotional abuse was associated with greater instability of attention bias 

(Spearman’s ρ = .266, p= .002; (Hori et al., 2021). Within the subset of eight studies 

examining attention biases specifically, maltreatment was associated with heightened 

avoidance of threatening cues in four studies with moderate to large effect sizes and 

vigilance toward threats in one study with small effect sizes. Findings indicated that this 

tendency may depend on the variety of maltreatment exposure experienced, such that 

those with a history of one type of abuse had greater attention bias toward threats and 

those with a history of multiple types of exposure showed bias away from threatening 

cues (F [2,41] = 3.35, p = .045, Cohen’s d = 0.75; (Herzog et al., 2018).     '

$C:AE9'E8<'D=?>?<EH?9PB'Self-reported, behavioral, and physiological measures 

indicated that elevated sensitivity to threats was associated with suicidality in 9 out of 10 

studies ranging from small to large effect sizes. When examining subtypes of suicidality, 

higher threat sensitivity was associated with more severe current suicidal ideation with 

small to large effect sizes (6 studies). A single study examined more specific 
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classifications of suicidality and found that those with a history of multiple suicide 

attempts showed greater physiological reaction to threats compared to those with a 

history of a single suicide attempt, past active ideation, and past passive ideation (F 

[6,206] = 4.17, p < .001; (Hazlett et al., 2016). '

.?:A>9'9AD9';N'IA<?E9;:';:'I;<A:E9;:'?8':AHE9?;8DC?FB'Based on our inclusion 

and exclusion criteria, no studies were identified that directly tested threat sensitivity as a 

moderator or mediator of the relationship between childhood maltreatment and 

suicidality. However, one related study that did not meet our criteria found that elevated 

threat sensitivity mediated the relationship between childhood interpersonal trauma and 

depressive and anxiety symptoms, supporting the potential of this mechanism (Miu et al., 

2017). '

2"0-%3&-6% '

 Rumination was defined for this review as the self-reported tendency to focus on 

one’s distress level repetitively and passively and/or the causes, meanings, and 

consequences of that distress (Rogers & Joiner, 2017). Measurements of suicide-specific 

and abuse-specific rumination were not included in this review to allow for direct 

comparison across associations. As seen in Table 5, twenty studies examining rumination 

as a proximal risk factor had a longitudinal design comparing findings across multiple 

time points and the remaining studies had cross-sectional designs. Sample sizes ranged 

from 10 to 7485 participants. Eleven studies focused on the effect of rumination in 

children and adolescents (mean ages ranging from 10.9 to 16.28 years). Three studies 

reported on an exclusively male sample and two reported on an exclusively female 

sample. Seven studies investigated a single maltreatment subtype, and sixty studies 
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investigated a specific type of suicidal thoughts or behaviors. Finally, the studies meeting 

our criteria only evaluated rumination using self-reports.  

%=I?8E9?;8'E8<'>C?H<C;;<'IEH9:AE9IA89B'Childhood maltreatment was 

consistently associated with higher rumination in 17 out of 20 studies ranging from small 

to large effect sizes. Additionally, a history of maltreatment predicted greater rumination 

at follow-up visits in longitudinal studies with small to large effect sizes (Padilla Paredes 

& Calvete, 2014; Sarin & Nolen-Hoeksema, 2010). When multiple subtypes of 

maltreatment were assessed, emotional maltreatment had the strongest association with 

higher levels of rumination with large effect sizes (Bahari et al., 2019; O'Mahen et al., 

2015). Although sex differences were rarely examined in the studies meeting our criteria, 

one study indicated that the relationship between emotional abuse and higher rumination 

occurred for both genders (t(118) = 2.60, p < .05), but it also found an association 

between sexual abuse and higher levels of rumination only for female participants (t(77) 

= 3.31, p < .01; (Spasojević & Alloy, 2002). '

%=I?8E9?;8'E8<'D=?>?<EH?9PB'Elevated rumination was consistently associated 

with suicidality in 59 out of 68 studies ranging from small to large effect sizes. Brooding 

often has been described as the primary component of rumination driving the association 

with suicidality, but our review showed that the effects of specific rumination 

components were more mixed (O'Connor & Noyce, 2008). In the studies that assessed 

both brooding and reflection, 16 studies showed that higher brooding alone and not 

reflection was associated with suicidality with small to large effect sizes, 3 studies found 

that reflection alone and not brooding was associated with moderate effect sizes, and 
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finally, 9 studies showed that brooding and reflection both were associated with 

suicidality with small to large effect sizes. '

.?:A>9'9AD9';N'IA<?E9;:';:'I;<A:E9;:'?8':AHE9?;8DC?FB Rumination has been 

found to partially or fully mediate the relationship between childhood maltreatment and 

recent suicidal ideation in a sample of participants with early psychosis with small to 

moderate effect sizes (Cui et al., 2019; Cui et al., 2020). Additionally, evidence indicates 

that rumination may not function as an independent proximal risk factor. For example, an 

indirect effect of childhood maltreatment to suicidality through higher brooding and 

reflection was found in the presence of low perseverance (Indirect effect of brooding = 

.004 [95% CI = .001 – .009], p < .01; Indirect effect of reflection = .003 [95% CI = .001 – 

.007], p < .01; (Valderrama et al., 2020). Critically, all the studies examining rumination 

as a mediator in the relationship between maltreatment and suicidality were cross-

sectional and none of the studies had the temporal precedence to test this pathway 

accurately. '

B06&-6%34'#$3,&-?-&*'

 Emotional reactivity was defined for this review as the behavioral, physiological, 

or self-reported response when an emotion arises, which varied in valence (negative or 

positive) and intensity (Lavi et al., 2019). Measures of emotion regulation were not 

included in this review; for measures that assessed both reactivity and regulation, only 

scores focused on reactivity were assessed. As seen in Table 6, eight studies examining 

emotional reactivity as a proximal risk factor had a longitudinal design. Sample sizes 

varied from 35 to 2,716 participants. Eighteen studies focused on the effect of emotional 

reactivity in children and adolescents (mean ages ranging from 4.92 to 17.4 years old). 
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The majority described mixed gender samples, but five studies reported on an exclusively 

female sample. Five studies included analyses examining specific subtypes of 

maltreatment and all the included studies focused on a specific type of suicidal thoughts 

or behaviors. Finally, most emotional reactivity modalities were assessed utilizing self-

report measures, but one study utilized a behavioral task and two studies focused on 

physiological reactivity assessments.  

-I;9?;8EH':AE>9?O?9P'E8<'>C?H<C;;<'IEH9:AE9IA89B'Individuals with a history of 

childhood maltreatment were found to exhibit elevated emotional reactivity in 17 out of 

20 studies ranging from small to large effect sizes. In longitudinal studies, greater 

intensity of negative affect was found across time for those with a history of 

maltreatment. When multiple subtypes of maltreatment were assessed, the findings were 

mixed with higher trait emotional reactivity being associated at a moderate level with 

physical abuse in two studies and physical neglect in one study (Narendorf et al., 2016; 

Plattner et al., 2007). Additionally, a history of emotional abuse was associated with a 

small effect size with elevated emotional reactivity at a state level in two studies and at a 

trait level in one study (Groleau et al., 2012; Poon & Knight, 2012). '

-I;9?;8EH':AE>9?O?9P'E8<'D=?>?<EH?9PB'Increased emotional reactivity was found 

to be consistently associated with suicidality. Self-reported and physiological reactivity 

measures indicated that elevated emotional reactivity was associated with a lifetime and 

recent history of suicide attempts (9 studies) and suicidal ideation (12 studies) with small 

to large effect sizes. One study additionally found that higher emotional reactivity was 

associated with a history of suicide threats and plans, in addition to ideation and attempts, 

although effect sizes were small for all associations (Ammerman et al., 2018). In both the 
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short-term and long-term longitudinal studies, higher emotional reactivity predicted more 

severe suicidal ideation at baseline and follow-up with moderate to large effect sizes 

(Mou et al., 2018; Polanco‐Roman et al., 2018). '

.?:A>9'9AD9';N'IA<?E9;:';:'I;<A:E9;:'?8':AHE9?;8DC?FB'When examined as a 

moderator in cross-sectional studies, the relationship between high emotional reactivity 

and suicidal thoughts and behaviors was stronger among individuals with more severe 

childhood maltreatment than those with less severe maltreatment (β = .30, t = 2.38, p < 

.05, ΔR2 = .005) (Shapero et al., 2019). These findings also were replicated when only 

examining a history of sexual abuse (β = .10 [95% ACI = .04 – .17]; (DeCou & Lynch, 

2019). No studies examined emotional reactivity as a mediator of the relationship 

between maltreatment and suicidality. However, two studies supporting the potential of 

this proximal risk factor found that elevated emotional reactivity mediated the  

relationship between childhood maltreatment and symptoms of borderline personality 

disorder (including suicidality) and general psychopathology (Byrd et al., 2019; Jennissen 

et al., 2016).  

.?D>=DD?;8'

#=IIE:P';N'IE?8'N?8<?8@D'

' The overall direction of associations for each proximal risk factor was found to be 

in line with our hypotheses. As seen in the summary in Table 2, reward sensitivity had 

the greatest proportion of null findings in association with both maltreatment and 

suicidality, but the directionality of the other proximal risk factors was quite consistent 

across the board. Based on the findings illustrated in this review, a cascade model of 



 

 111  

suicidality following maltreatment exposure accounting for these proximal risk factors is 

proposed (see Figure 2).  

 Although there was consistency within the individual associations of the proximal 

risk factors with maltreatment and suicidality, the field is extremely lacking in studies 

directly examining the potential role of these proximal risk factors as mechanisms linking 

maltreatment with a susceptibility to suicidal thoughts and behaviors. Only five out of the 

200 studies that met criteria for this review directly tested one of these four proximal risk 

factors as a moderator or mediator of the relationship between maltreatment and 

suicidality. None of these five studies were longitudinal. Thus, these studies are too 

limited to enable conclusions, but the initial findings do support rumination and 

emotional reactivity as potential mechanisms of the relationship between childhood 

maltreatment and suicidality. Future work must continue to test these relationships for all 

four proximal risk factors, particularly in conjunction with each other and other potential 

modifiable risk factors for suicidality. 

 Of the longitudinal studies examining the association with maltreatment, more 

severe maltreatment predicted lower concurrent sensitivity to rewards across time (Colich 

et al., 2020) and greater emotional reactivity at follow-up (Byrd et al., 2019; Kim‐Spoon 

et al., 2013). More severe abuse (particularly emotional abuse) was found to predict 

higher rumination at follow-up (Padilla Paredes & Calvete, 2014; Sarin & Nolen-

Hoeksema, 2010), but this effect may be accounted for by baseline levels of rumination 

(Leon et al., 2008). When examining the association with suicidality across time, higher 

rumination and greater emotional reactivity predicted higher suicidal ideation at follow-

up (Burke et al., 2016; Mou et al., 2018; Polanco‐Roman et al., 2018), but higher 
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rumination was not found to predict suicide attempts during follow-up (Liu et al., 2009). 

Other than rumination, there was a dearth of studies examining the longitudinal 

prediction by these proximal risk factors across time, particularly the short-term effects of 

the risk factors in naturalistic settings.  

 Further work is needed to investigate maltreatment subtype differences, 

particularly comparing subtypes directly rather than investigating effects in single 

subtype samples. So far, the literature directly comparing maltreatment subtypes indicates 

that an individual with a history of emotional abuse is most likely to have a greater 

attention bias to threatening stimuli, elevated brooding, and higher emotional reactivity 

on a trait and state level. However, a history of emotional neglect only was found to be 

related strongly to higher levels of rumination. Although the findings were mixed for 

those with a history of physical neglect, physical abuse was consistently associated with 

higher trait emotional reactivity and greater attention bias away from threats. Although 

the subtype findings for reward sensitivity were not conclusive, the overall pattern 

indicates that those with a history of sexual abuse were more likely to experience blunted 

reward sensitivity (particularly compared to those with a history of neglect alone) and 

more likely to avoid potential threats. Future work is necessary to examine the effects on 

proximal risk factors of maltreatment subtype multiplicity and duration. So far, two 

studies have found that experiencing a greater number of exposure subtypes and longer 

duration of exposure were more likely to avoid threats than those with a single subtype or 

non-chronic exposure (Herzog et al., 2018; Thompson et al., 2014). 

 Additional work also is needed directly comparing subtypes of suicidal thoughts 

and behaviors, but several key themes were identified thus far. A lifetime history of 
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suicide attempts was associated with blunted reward responsivity and greater negative 

affect intensity than those with ideation alone (Gromatsky et al., 2021; McCullumsmith et 

al., 2015). Although most studies focused on lifetime history of suicidal behavior, one 

study found that those who had recently attempted were more likely to pursue high value 

rewards when outcomes were uncertain compared to current ideation alone (Auerbach et 

al., 2015). Greater threat sensitivity was associated with more severe forms of suicidality 

(i.e., current ideation and a history of multiple past attempts; (Hazlett et al., 2016). Higher 

levels of brooding and global rumination were associated with both, but when directly 

compared, the findings were mixed with some studies indicating that the association was 

stronger for those with a history of ideation (Cho et al., 2020; Sagiv & Gvion, 2020) and 

some indicating a stronger association with suicide attempts (Batterham & Christensen, 

2012; Crane et al., 2007). Further work directly comparing these indirect associations 

with outcomes across the ideation to action spectrum is needed to investigate if specific 

risk factors or proximal combinations are linked with ideation vs attempts. '

 From a theoretical perspective, these findings align with prior research on the 

integrated motivational–volitional (IMV) model of suicidal behavior. One of the most 

potent predictors of suicidality according to the IMV model is entrapment, or the sense 

that there is no perceived escape from a distressing situation (O'Connor & Kirtley, 2018). 

Children experiencing maltreatment often crave and fail to gain escape or avoidance of 

the abuse they endure, and through this pursuit, they adopt coping techniques of survival, 

including elevated threat tracking, shifts in reward learning, increased awareness of 

distress levels, and a lack of emotion regulation scaffolding (Jaffee, 2017). The findings 

of this review indicate that the combination of distressing thoughts (elevated rumination) 
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and emotions (elevated emotional reactivity) in response to stressors that are perceived to 

be occurring more frequently (elevated threat sensitivity) and little drive to pursue 

positive experiences (blunted reward sensitivity) may lead to a temporary spike in the 

sense of entrapment, making the allure of this ultimate suicide “escape” enticing even 

years after the abuse has ended (Angelakis et al., 2019). 

,?I?9E9?;8D'E8<'N=9=:A'<?:A>9?;8D'

 Although the independent associations of these risk factors with maltreatment or 

suicidality have been relatively well established, limitations still exist. Limited research 

has examined these associations longitudinally, particularly for reward and threat 

sensitivity as seen in Tables 3 and 4. The three studies examining rumination as a 

mediator in this review all were conducted in cross-sectional samples. The dearth of 

studies testing these factors as potential moderators and mediators of the maltreatment-

suicidality relationship, particularly with necessary longitudinal designs, greatly limits 

the conclusions that can be drawn from this review. Future studies should directly test 

these mechanisms with research designs that allow for stronger causal inferences about 

potential mediators of this relationship. Prioritizing short-term longitudinal designs, such 

as those utilizing ecological momentary assessment techniques is a particularly promising 

future direction as these designs would allow mediation analyses to test these 

relationships with temporal precedence and could assess the potency of these risk factors 

immediately preceding suicidal thoughts and urges. Short-term longitudinal designs also 

allow for the temporal influence of mediating co-morbidities, such as posttraumatic stress 

symptoms (including dissociation), to be examined concurrently with other proximal risk 

factors (Levinger et al., 2015). 
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 From a clinical perspective, more research is needed to better evaluate these 

mechanisms as possible treatment targets for maltreated youth and adults with a history 

of maltreatment. Future studies should focus on evaluating the efficacy of these risk 

factors as treatment targets and the modifiability of these risk factors through current 

intervention strategies. Three studies thus far support the potential of high reward 

sensitivity as a protective factor in moderation analyses of the relationship between early 

life stress (trauma, maltreatment, and adversity) and clinical symptoms, including NSSI 

and depression (Kasparek et al., 2020; Kautz et al., 2020). Research is needed to confirm 

if increasing reward sensitivity and decreasing levels of threat sensitivity, rumination, and 

emotional reactivity could serve as protective factors against suicidal thoughts and 

behaviors for those with a history of maltreatment. From a methodological perspective, 

assessments of the incremental validity of suicide-specific attentional bias and rumination 

for those with a history of maltreatment will be critical.  

 Finally, this review drew from the literature on the psychological impact of 

maltreatment to identify potential proximal risk factors linking maltreatment and 

suicidality. But there also are several proximal risk factors in theories of suicidality that 

are understudied in maltreated samples, including entrapment, hopelessness, and 

impulsivity. Although many theoretical models of suicide identify impulsivity as a 

critical risk factor and a recent meta-analysis has concluded that impulsivity is associated 

with a history of maltreatment, there is a lack of studies testing its potential as a 

mechanisms linking maltreatment and suicidality (Díaz-Oliván et al., 2021; Liu, 2019; 

McMahon et al., 2018). Hopelessness also has been extensively studied as a stable risk 

factor for suicidality, but few studies have examined the association of maltreatment and 
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hopelessness directly (Hamilton et al., 2013; Hovens et al., 2016). Prior work has 

indicated that lower reward sensitivity may increase risk for suicide by increasing levels 

of hopelessness, supporting the need to include assessments of hopelessness in future 

research on the efficacy of other proximal risk factors (Heponiemi et al., 2003; 

Rasmussen et al., 2012). Entrapment is a strong and temporally variable risk factor for 

suicidality, but little work has assessed the relationship between entrapment and 

experiences of maltreatment (Siddaway et al., 2015; Stenzel et al., 2020). One study 

found that a history of childhood sexual abuse was associated with feelings of 

powerlessness and escape and avoidance coping strategies, both constructs related to 

entrapment (Gibson & Leitenberg, 2001). The directionality of the associations examined 

in this review indicate that entrapment may be a theoretically unifying proximal risk 

factor linking maltreatment and suicidality, but research must be conducted to examine 

this construct as it relates to abuse and neglect directly.  

&;8>H=D?;8D'

' Distal stable risk factors, such as childhood maltreatment, are important because 

they allow us to identify who in the community is at elevated risk for experiencing 

suicidal thoughts and behaviors. However, without also identifying potentially modifiable 

proximal risk factors, the field will continue to be stymied in attempts to reduce the 

burden of suicidality. This review aimed to systematically examine the existing literature 

to identify potentially modifiable factors that are associated with maltreatment exposure 

and increase vulnerability to suicidal thoughts and behaviors and could, therefore, inform 

the development of targeted interventions. This review indicates that the risk for suicide 

may be higher for an individual with a history of maltreatment experiencing decreased 
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reward responsivity, elevated threat sensitivity, increased rumination, and reactive 

emotional lability. Future work must confirm these potential mechanisms and assess their 

viability as treatment targets to increase protection against the development of suicidality 

and reduce the experiences of suicide related sequelae.  
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*$/+&(.20!

C1&0-1((-!
420+%$2+4$.+!

CEGDYC! G$0)D%$I(%+! M++$.+&(.!3&2*! ^(+DI%(3$!+2*K! A$12#&(%20!+2*K! J$I$2+$-!4$2*,%$*!
MN"OM*!

M!1&*+(%6!()!420+%$2+4$.+!*1('$-!1$&B1+$.$-!2++$.+&(.!+('2%-!*2-!)2/$*!2.-!420+%$2+$-!
/1&0-%$.!'&+1!B%$2+$%!%,4&.2+&(.!*1('$-!1$&B1+$.$-!2++$.+&(.!+('2%-!$4(+&(.!)2/$*8!

H2.&!$+!208!9:;<<=! <:>! W>8Q! S:! <;8<! TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

C1&0-1((-!
420+%$2+4$.+!

CEFDGH! G$0)D%$I(%+! M++$.+&(.!3&2*! ^(+DI%(3$!+2*K! A$12#&(%20!+2*K! Y2+1!2.206*&*! M!1&*+(%6!()!/1&0-1((-!*$Z,205!I16*&/205!(%!$4(+&(.20!23,*$!*1('$-!2.!2++$.+&(.20!3&2*!
+('2%-!12II65!.(+!+1%$2+$.&.B5!)2/$*8!

L21$,!$+!208!9:;<;=! W;! <W8QW! SW8WW! ! TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

\4(+&(.20!.$B0$/+!! 7 DGM^GDYX! U.+$%#&$'! J$2/+&(.!+&4$!]!2//,%2/6! H2/$D#&$'&.B!+2*K! A$12#&(%20!+2*K! MN"OM*! E1(*$!'1(! $ZI$%&$./$-!$4(+&(.20!.$B0$/+!*1('$-!)2*+$%!%$2/+&(.!+&4$*!+(!+1%$2+$.&.B!
*+&4,0&!9&8$85!2.B%6!)2/$*=!+12.!+1$!/(.+%(08!

Y&.$!$+!208!9:;;Q=! QQ! <;8<Q! R;!
!

TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

C1&0-1((-!
420+%$2+4$.+!

G(/&20!*$%#&/$*!]!
7 DGM^GDYX!

MB$./6!%$/(%-*!
2.-!&.+$%#&$'!

J$2/+&(.!+&4$! O&*,20!I%(3$!+2*K! A$12#&(%20!+2*K! A&#2%&2+$!/(%%$02+&(.*! L(%$!*$#$%$!I16*&/20!23,*$5!.(+!.$B0$/+5!'2*!2**(/&2+$-!'&+1!-&%$/+&.B!2++$.+&(.!2'26!)%(4!
2.B%6V+1%$2+$.&.B!)2/$*5!3,+!.(+!12II6!)2/$*8!!

Y(002K!2.-!E(00$6D
G/1$00!9:;;W=!

:? ! <;8;Q! W>8:?! <S8?Q! TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

C1&0-1((-!
420+%$2+4$.+!

G(/&20!*$%#&/$*!
/2*$!)&0$*!

MB$./6!%$/(%-*! M++$.+&(.!3&2*! G$0$/+&#$!2++$.+&(.!
+2*K!

A$12#&(%20!+2*K! MN"OM*! Y16*&/2006!23,*$-!/1&0-%$.!12-!*0('$%!%$2/+&(.!+&4$*!9&8$85!4(%$!2#(&-2./$=!+(!2.B%6!*+&4,0&!
+12.!+(!12II6!/(4I2%$-!+(!/(.+%(0*8!!

H&$0-!$+!208!9:;;<=! Q<! W?8@! <;; ! RQ! TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

C1&0-1((-!*$Z,20!
23,*$!

E%2,42!G64I+(4!
C1$/K0&*+!@;!!

G$0)D%$I(%+! J$2/+&(.!+&4$! G+%((I!+2*K! A$12#&(%20!+2*K! MN"OM*! M!1&*+(%6!()!*$Z,20!23,*$!'&+1!%$/$.+!*$Z,2006!%$#&/+&4&P$-!12-!B%$2+$%!%$2/+&(.!+&4$*!9&8$85!
4(%$!16I$%#&B&02./$=!+(!+1%$2+$.&.B!*+&4,0&!+12.!.(.D%$#&/+&4&P$-!I2%+&/&I2.+*8!

23$4$&)%$*1!)-&!*#+,)*!/,-/$*$0$*1!!

)*+,- &
)"./$%&
012%&

3%"4&
"5%&

6%."$%&
789&

:;1*%&
789& <=+4*>-& )"./$%&*-/%&

)*+,-&
,%0154&

?>%,1@*=>&
A">1"#$%709&

?>%,1@*=>&
.%"0+>%709&

?>%,1@*=>&
.%"0+>%&*-/%709& B+*@=.%&A">1"#$%709&

B+*@=.%&
.%"0+>%709&

B+*@=.%&
.%"0+>%&*-/%709& C4"$-*1@&"//>="@;& )+..">-&=D&>%0+$*0&

71(*%2#2.&!$+!208!
9:;:;= !

WQ;! :S8@! RR8S!
!

U%2.! U.I2+&$.+! C%(**D
*$/+&(.20!

AUG! AUGVAMG!G/20$! G$0)D%$I(%+! U-$2+&(.!9'$$K=! AGG! G$0)D%$I(%+! ED+$*+*!]!I2+1!
2.206*&*!

[&B1$%!+1%$2+!*$.*&+&#&+6!I%$-&/+$-!*,&/&-20!&-$2+&(.8!

MP2-&!$+!208!9:;:;=! W;;! :S8@! RR8S! ! U%2.! U.I2+&$.+! C%(**D
*$/+&(.20!

AUG! AUGVAMG!G/20$! G$0)D%$I(%+! U-$2+&(.!9'$$K=! AGG! G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!+1%$2+!*$.*&+&#&+6!I%$-&/+$-!*,&/&-20!&-$2+&(.8!

O$.230$*!$+!208!
9:;<?=!

@@@! :>8Q! Q<8QS!
!

TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

E%2&+!+1%$2+!
*$.*&+&#&+65!
$0$/+%(46(B%24!

H&)+6D)&#$!&+$4!
*/20$!]!UMYG!

G$0)D%$I(%+!]!
I16*&(0(B&/20!
%$2/+&#&+6!

G,&/&-20&+6! GCUD̂UO!]!U^MG! G$0)D%$I(%+!]!
&.+$%#&$'!

[&$%2%/1&/20!0&.$2%!
%$B%$**&(.*!

[&B1$%!+1%$2+!*$.*&+&#&+6!2**$**$-!,*&.B!I16*&(0(B&/20!2.-!*$0)D%$I(%+!&.-&/2+(%*!I%$-&/+$-!
4(%$!*$#$%$!*,&/&-20&+68!

A,/142. DG/14&++!$+!
208!9:;<S=!

<;Q! <>8W! Q?8<! S>! TGM! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

E%2&+!+1%$2+!
*$.*&+&#&+6!

N&.$+$$.!&+$4!
*/20$!

G$0)D%$I(%+! G,&/&-20&+6! GCG5!^GUDG,&/5!]!
A^UDUU!

G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!+1%$2+!*$.*&+&#&+6!2**$**$-!I%$-&/+$-!4(%$!*$#$%$!*,&/&-20&+68!

[2P0$++!$+!208!9:;<R=! <;?! @:8><! <:8@! ! TGM! O$+$%2.! C%(**D
*$/+&(.20!

\0$/+%(46(B%24!
*+2%+0$!42B.&+,-$!

M))$/+&#$!*+2%+0$!
4(-,02+&(.!

Y16*&(0(B&/20!
%$2/+&#&+6!

U-$2+&(.!]!2++$4I+*!
90&)$+&4$=!

CGGJG! U.+$%#&$'! LMN"OM* ! M!1&*+(%6!()!4,0+&I0$!*,&/&-$!2++$4I+*!*1('$-!B%$2+$%!*+2%+0$!-,%&.B!+1%$2+$.&.B!*+&4,0&5!
/(4I2%$-!'&+1!2!*&.B0$!2++$4I+!(%!&-$2+&(.8!

M44$%42.!$+!208!
9:;<S=!

<><:! :<8;<! R<! R<! TGM! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

Y,.&*14$.+!
*$.*&+&#&+6!

GYGJF! G$0)D%$I(%+! U-$2+&(.!]!2++$4I+*!
90&)$+&4$=!

GAFDJ ! G$0)D%$I(%+! ED+$*+*! M!1&*+(%6!()!*,&/&-$!2++$4I+*!%$I(%+$-!4(%$!%$*I(.*&#$.$**!+(!I,.&*14$.+*5!3,+!&+!'2*!.(!
0(.B$%!*&B.&)&/2.+!'1$.!&./0,-&.B!/(#2%&2+$*8!

O$.230$*!$+!208!
9:;<Q=!D!G+,-6!<!

<;S?! :R8S! QQ8:!
!

TGM! ",+I2+&$.+! C%(**D
*$/+&(.20!

E%2&+!+1%$2+!
*$.*&+&#&+6!

EYL DA! G$0)D%$I(%+!]!
/0&.&/&2.D%2+$-!!

U-$2+&(.!9'$$K=!]!
2++$4I+*!90&)$+&4$=!

AGG! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! [&B1$%!+1%$2+!*$.*&+&#&+6!2**$**$-!I%$-&/+$-!4(%$!*$#$%$!*,&/&-20!&-$2+&(.8!

O$.230$*!$+!208!
9:;<Q=!D!G+,-6!:!

W?QQ! <?! ; !
!

H&.02.-! O$+$%2.! C%(**D
*$/+&(.20!

E%2&+!+1%$2+!
*$.*&+&#&+6!

EYL DA! G$0)D%$I(%+! U-$2+&(.!9'$$K=!]!
2++$4I+*!90&)$+&4$=!

AGG! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! [&B1$%!+1%$2+!*$.*&+&#&+6!2**$**$-!I%$-&/+$-!4(%$!*$#$%$!*,&/&-20!&-$2+&(.8!

d&$!$+!208!9:;<@=! R;! W<8R:! RR8RS!
!

C1&.2! ",+I2+&$.+! C%(**D
*$/+&(.20!

J$2/+&(.!+&4$!]!
2//,%2/6!

LU^!]!MU^!+2*K*! A$12#&(%20!+2*K! U-$2+&(.!9I2*+!'$$K!]!
4(*+!*$#$%$!I(&.+=!

AGG! G$0)D%$I(%+! J$I$2+$-!L$2*,%$*!
MN"OM*!

U./%$2*$-!I,.&*14$.+!*$.*&+&#&+6!+(!.$B2+&#$!*(/&20!)$$-32/K!'2*!2**(/&2+$-!'&+1!4(%$!
*$#$%$!*,&/&-20!&-$2+&(.8!!!

J2*4,**$.!$+!208!
9:;<:=!

<:Q! <W8@R! Q>!
!

G/(+02.-! U.I2+&$.+! C%(**D
*$/+&(.20!

AUG! AUGVAMG!G/20$! G$0)D%$I(%+! U-$2+&(.!9I2*+!'$$K!]!
4(*+!*$#$%$!I(&.+=!

G,&/&-$!Y%(323&0&+6!
G/20$!

G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!+1%$2+!*$.*&+&#&+6!I%$-&/+$-!&./%$2*$-!*$#$%&+6!()!*,&/&-20!&-$2+&(.8!

5'*,/6! 3"$*>%"*.%4*&.%"0+>%0!e !CEFDGHfC1&0-1((-!E%2,42!F,$*+&(..2&%$!D!G1(%+!H(%4!9:?!&+$4*=5!E[FfE%2,42![&*+(%6!F,$*+&(..2&%$5!7DGM^GDYX!f7&--&$DG/1$-,0$!)(%!M))$/+&#$!^&*(%-$%*!2.-!G/1&P(I1%$.&2!D!Y%$*$.+!2.-!X&)$+&4$!O$%*&(.5!CEGDYCfC(.)0&/+!E2/+&/*!G/20$*D!Y2%$.+D+(DC1&0-!O$%*&(.g!)+1@1,"$1*-&.%"0+>%0!e !GCUD̂UOfG+%,/+,%$-!C0&.&/20!U.+$%#&$'*!)(%!^GLDUOD
EJ5!^GUDG,&/f^$I%$**&#$!G64I+(4!U.#$.+(%6DG,&/&-$!G,3*/20$5!AGGfA$/K!G/20$!)(%!G,&/&-$!U-$2+&(.5!CGGJGfC(0,43&2!G,&/&-$!G$#$%&+6!J2+&.B!G/20$5!GAF9DJ=fG,&/&-20!A$12#&(%!F,$*+&(..2&%$!9c!J$#&*$-=5!A^UDUUfA$/K!^$I%$**&(.!U.#$.+(%6DUU5!U^MGfU.#$.+(%6!()!^$I%$**&(.!2.-!M.Z&$+6!G64I+(4*5!GCGfG,&/&-$!C(B.&+&(.!G/20$g!!;>%"*&.%"0+>%0!!e !GYGJFfG$.*&+&#&+6!+(!
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!"#$%&H(!"#$%#&$'!()!*+,-&$*!&./0,-$-!&.!+1$!2**(/&2+&(.*!3$+'$$.!/1&0-1((-!420+%$2+4$.+5!*,&/&-20&+65!2.-!%,4&.2+&(.!

"#$%&#''&!()%*+,)*(,-*!)-&!+3($-)*$'- &

)*+,- &
)"./$%&
012%&

3%"4&
"5%&

6%."$%&
789&

:;1*%&
789& <=+4*>-& )"./$%&*-/%&

)*+,-&
,%0154& ?>%,1@*=>&A">1"#$%709&

?>%,1@*=>&
.%"0+>%709&

?>%,1@*=>&
.%"0+>%&*-/%709&

B+*@=.%&
A">1"#$%709& B+*@=.%&.%"0+>%709&

B+*@=.%&
.%"0+>%&*-/%709& C4"$-*1@&"//>="@;& )+..">-&=D&>%0+$*0&

X$$!$+!208!9:;:;=! :QS! :?8W! R<8@?!
!

7(%$2! ",+I2+&$.+! X(.B&+,-&.20!
9R!4(.+1*=!

C1&0-!23,*$! \EUDGH! G$0)D%$I(%+! C(B.&+&#$!]!
$4(+&(.20!3%((-&.B!

A%((-&.B!G/20$! G$0)D%$I(%+! G+%,/+,%20!$i,2+&(.!
4(-$0&.B!

E1(*$!'1(!%$I(%+$-!$ZI$%&$./&.B!/1&0-1((-!$4(+&(.205!I16*&/205!(%!*$Z,20!
23,*$!12-!1&B1$%!0$#$0*!()!3%((-&.B5!3(+1!/(B.&+&#$!2.-!$4(+&(.208!!

[2..2.!$+!208!
9:;:; =!

WW:! <>8:S! ?:8?! ?<! TGM! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

C1&0-1((-!*$Z,20!23,*$! CEFDGH! G$0)D%$I(%+! J,4&.2+&(.! JJG! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! E1(*$!'1(!%$I(%+$-!$ZI$%&$./&.B!/1&0-1((-!*$Z,20!23,*$!12-!1&B1$%!
0$#$0*!()!%,4&.2+&(.8!!

_,!$+!208!9:;:;=! >@>! <W8WQ! Q;8>!
!

C1&.2! [&B1!*/1((0!
*+,-$.+!

C%(**D
*$/+&(.20!

\4(+&(.20!23,*$! C1&0-!Y*6/1(0(B&/20!
M3,*$!]!N$B0$/+!
G/20$!!

G$0)D%$I(%+! J,4&.2+&(.! JJGDGH!! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! E1(*$!'1(!%$I(%+$-!$ZI$%&$./&.B!/1&0-1((-!$4(+&(.20!23,*$!12-!1&B1$%!
0$#$0*!()!%,4&.2+&(.8!!

GP23(!$+!208!
9:;:;= !

@R! QW8<! :S8;?! S:8>! TGM! ",+I2+&$.+! C%(**D
*$/+&(.20!

C1&0-1((-!420+%$2+4$.+!! CEFDGH! G$0)D%$I(%+! J,4&.2+&(.! JJG! G$0)D%$I(%+! X&.$2%!%$B%$**&(.*! C1&0-1((-!420+%$2+4$.+5!'1&/1!&./0,-$*!23,*$!2.-!.$B0$/+5!I%$-&/+$-!
B%$2+$%!%,4&.2+&(.8!

A212%&!$+!208!
9:;<>=!

<SQ! :< ! QS8S!
!

U%2.! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

C1&0-1((-!420+%$2+4$.+! CEFDGH! G$0)D%$I(%+! A%((-&.B5!%$)0$/+&(.5!
]!%,4&.2+&(.!

JJG! G$0)D%$I(%+! Y2+1!2.206*&*! [&*+(%6!()!$4(+&(.20!23,*$!I%$-&/+$-!1&B1$%!3%((-&.B8!

[$0$.&2K!$+!208!
9:;<R=!D!G+,-6!<!

<R>! <@8>! QR! @;8?! TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

C1&0-1((-!420+%$2+4$.+! CEFDGH!]!C\CM ! G$0)D%$I(%+!]!
&.+$%#&$'!

J,4&.2+&(.! C1&0-%$.l*!JGF!! G$0)D%$I(%+! X&.$2%!%$B%$**&(.*! M00!)(%4*!()!/1&0-!420+%$2+4$.+!9$4(+&(.205!I16*&/205!2.-!*$Z,20!23,*$=!
'$%$!2**(/&2+$-!'&+1!B%$2+$%!%,4&.2+&(.8!

[$0$.&2K!$+!208!
9:;<R=!D!G+,-6!:!

@W>! <W8Q<! @S8R! Q:8@! TGM! [&B1!*/1((0!
*+,-$.+!

X(.B&+,-&.20!
9Q!6$2%*=!

C1&0-1((-!420+%$2+4$.+! E'(!&+$4!*/20$! G$0)D%$I(%+! A%((-&.B! JJG! G$0)D%$I(%+! L&Z$-D$))$/+*!0&.$2%!
%$B%$**&(.!

C1&0-!420+%$2+4$.+!'2*!2**(/&2+$-!'&+1!1&B1$%!0$#$0*!()!3%((-&.B8!

"mL21$.!$+!208!
9:;<Q=!

<@;! :W8:S! <;; ! Q;8S! TGM! ",+I2+&$.+! C%(**D
*$/+&(.20!

C1&0-1((-!420+%$2+4$.+! CEFDGH! G$0)D%$I(%+! J,4&.2+&(.! A$12#&(%20!M/+&#2+&(.!)(%!
^$I%$**&(.!G/20$!

G$0)D%$I(%+! X&.$2%!%$B%$**&(.*! _%$2+$%!$4(+&(.20!.$B0$/+!'2*!2**(/&2+$-!'&+1!2!1&B1$%!0$#$0!()!
%,4&.2+&(.8!

Y2-&002!Y2%$-$*!] !
C20#$+$!9:;<@=!

>>?! <W8@:! @S8<>!
!

GI2&.! [&B1!*/1((0!
*+,-$.+!

X(.B&+,-&.20!
9:8Q!6$2%*=!

\4(+&(.20!23,*$! CEGDYC! G$0)D%$I(%+! A%((-&.B!]!
%$)0$/+&(.!

C1&0-%$.l*!J$*I(.*$!G+60$*!
G/20$!

G$0)D%$I(%+! G+%,/+,%20!$i,2+&(.!
4(-$0&.B!

_%$2+$%!$4(+&(.20!23,*$!I%$-&/+$-!1&B1$%!3%((-&.B!2+!)(00('D,I8! !

G12I$%(!$+!208!
9:;<W=!

:<R! <@! Q?! QW! TGM! C(44,.&+6 ! X(.B&+,-&.20!
9?!4(.+1*=!

\4(+&(.20!23,*$! CEFDGH! G$0)D%$I(%+! J,4&.2+&(.! C1&0-%$.l*!JGF!! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! _%$2+$%!$4(+&(.20!23,*$!'2*!2**(/&2+$-!'&+1!2!1&B1$%!0$#$0!()!%,4&.2+&(.8!

`2.B!$+!208!9:;<W=! <>! :S8;Q! ; !
!

TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

C1&0-1((-!420+%$2+4$.+! CEFDGH! G$0)D%$I(%+! J,4&.2+&(.! JJG! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! E1$%$!'2*!.(!*&B.&)&/2.+!/(%%$02+&(.!3$+'$$.!%,4&.2+&(.!2.-!+1$!CEF!
+(+20!*/(%$!(%!2.6!()!+1$!*,3*/20$*8!

7&.B*+(.!$+!208!
9:;<W=!

Q;R! ::8<Q! ?Q!
!

T7 ! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

C1&0-!23,*$! X&)$!\#$.+*!
F,$*+&(..2&%$!

G$0)D%$I(%+! J,4&.2+&(.! JJG! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! M00!)(%4*!()!/1&0-!420+%$2+4$.+!9$4(+&(.205!I16*&/205!2.-!*$Z,20!23,*$=!
'$%$!2**(/&2+$-!'&+1!B%$2+$%!%,4&.2+&(.8!

M.+6I2!2.-!O2.!
-$%!^($*!9:;<;=!

:Q; ! ::8QW! SQ8?! <;; ! N$+1$%02.
-* !

C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

C1&0-1((-!420+%$2+4$.+! CEFDGH! G$0)D%$I(%+! J,4&.2+&(.! X$&-$.!U.-$Z!()!^$I%$**&(.!
G$.*&+&#&+6DJ$#&*$-!

G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! C1&0-1((-!420+%$2+4$.+!*$#$%&+6!'2*!I(*&+&#$06!/(%%$02+$-!'&+1!
%,4&.2+&(.!0$#$08!

G2%&.!2.-!N(0$.D
[($K*$42!9:;<;= !

R;W! @>8@! Q<8:! SQ8Q! TGM! C(44,.&+6 ! X(. B&+,-&.20!
9<!6$2%=!

C1&0-1((-!*$Z,20!23,*$! G&.B0$!&+$4!*/20$! U.+$%#&$'! J,4&.2+&(.! JJG! G$0)D%$I(%+! ED+$*+*! U.-&#&-,20*!'&+1!1&*+(%&$*!()!23,*$!%$I(%+$-!$ZI$%&$./&.B!1&B1$%!0$#$0*!()!
%,4&.2+&(.!2+!)(00('D,I8 !

`2+K&.*!9:;;>=! <<R! @W8@! R@8RQ!
!

T7 ! ",+I2+&$.+! C%(**D
*$/+&(.20!

\4(+&(.205!I16*&/205!
#$%3205!]!*$Z,20!23,*$!

H&#$!&+$4!*/20$! G$0)D%$I(%+! A%((-&.B5!%$)0$/+&(.5!
]!%,4&.2+&(.!

JJG! G$0)D%$I(%+! X(B&*+&/!%$B%$**&(.*! E1$%$!'2*!.(!*&B.&)&/2.+!2**(/&2+&(.!3$+'$$.!2.6!()!+1$!+6I$*!()!
%,4&.2+&(.!2.-!+1$!+6I$*!()!/1&0-1((-!23,*$8!

X$(.!$+!208!9:;;?=! <@:! <W8:! :S! <: ! TGM! C(44,.&+6 ! X(.B&+,-&.20!
9<?!4(.+1*=!

Y16*&/20!]!*$Z,20!23,*$! C(.)0&/+*!E2/+&/*!
G/20$!!

G$0)D%$I(%+! J,4&.2+&(.! E'$0#$!&+$4!*/20$! G$0)D%$I(%+! G+$I'&*$!%$B%$**&(.!
2.206*&*!

C1&0-1((-!*$Z,20!23,*$!I%$-&/+$-!1&B1$%!%,4&.2+&(.!2+!)(00('D,I5!3,+!+1&*!
$))$/+!'2*!.(!0(.B$%!*&B.&)&/2.+!'1$.!2//(,.+&.B!)(%!32*$0&.$!%,4&.2+&(.8!

J2$*!2.-![$%42.*!
9:;;?= !

<;<! <>8R@! ?:8<S!
!

A$0B&,4! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

\4(+&(.20!23,*$! CEFDGH! G$0)D%$I(%+! A%((-&.B5!%$)0$/+&(.5!
]!%,4&.2+&(.!

JJG! G$0)D%$I(%+! X&.$2%!%$B%$**&(.*! _%$2+$%!$4(+&(.20!23,*$!'2*!2**(/&2+$-!'&+1!2!1&B1$%!0$#$0!()!3%((-&.B5!
%$)0$/+&(.5!2.-!B0(320!%,4&.2+&(.8!

Y0,44$%!9:;;R=! <:Q! WR8;Q! ; ! RR! TGM! ",+I2+&$.+! C%(**D
*$/+&(.20!

C1&0-!23,*$! E1%$$!&+$4!*/20$! G$0)D%$I(%+! J,4&.2+&(.! JJGDGH!! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! \ZI$%&$./$*!()!/1&0-1((-!420+%$2+4$.+!'2*!2**(/&2+$-!'&+1!B%$2+$%!
%,4&.2+&(.8!!

C(.'26!$+!208!
9:;;@=!

:;< ! :R8R! Q;8Q! :S! TGM! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

C1&0-1((-!*$Z,20!23,*$! G$#$.+$$.!&+$4!*/20$! G$0)D%$I(%+! J,4&. 2+&(.! JJGDGH!! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! U.2II%(I%&2+$!*$Z,20!+(,/1!-,%&.B!/1&0-1((-!9+1$!4(*+!)%$i,$.+!+6I$!()!
/1&0-1((-!*$Z,20!23,*$!%$I(%+$-!&.!+1&*!*24I0$=!'2*!2**(/&2+$-!'&+1!
B%$2+$%!%,4&.2+&(.8!!

GI2*(n$#&o!2.-!
M00(6!9:;;:=!

<WS! <>! R@8:! R:8?! TGM! C(00$B$!
*+,-$.+!

X(.B&+,-&.20!
9:8Q!6$2%*=!

C1&0-!23,*$! X&)$!\#$.+*!
F,$*+&(..2&%$!

G$0)D%$I(%+! J,4&.2+&(.! JJG! G$0)D%$I(%+! ED+$*+*! L20$*!2.-!)$420$*!'1(!$ZI$%&$./$-!$4(+&(.20!23,*$!2.-!)$420$*!'1(!
$ZI$%&$./$-!*$Z,20!23,*$!%$I(%+$-!B%$2+$%!%,4&.2+&(.8!!

23$4$&)%$*1!)-&!+3($-)*$'-!9:)+*!;<!

)*+,- &
)"./$%&
012%&

3%"4&
"5%&

6%."$%&
789&

:;1*%&
789& <=+4*>-& )"./$%&*-/%&

)*+,-&
,%0154& ?>%,1@*=>&A">1"#$%709&

?>%,1@*=>&
.%"0+>%709&

?>%,1@*=>&
.%"0+>%&*-/%709&

B+*@=.%&
A">1"#$%709& B+*@=.%&.%"0+>%709&

B+*@=.%&
.%"0+>%&*-/%709& C4"$-*1@&"//>="@;& )+..">-&=D&>%0+$*0&

E2.B!$+!208!9:;:<=! W;>! :>8@S! R;8Q:!
!

C1&.2! U.I2+&$.+! C%(**D
*$/+&(.20!

A%((-&.B5!%$)0$/+&(.5!]!
%,4&.2+&(.!

JJG! G$0)D%$I(%+! M++$4I+*!90&)$+&4$=! L$-&/20!%$/(%-!]!LUNU! C12%+!%$#&$'!]!
&.+$%#&$'!

A&.2%6!0(B&*+&/!
%$B%$**&(.!

[&B1$%!0$#$0*!()!%$)0$/+&(.5!.(+!3%((-&.B5!'$%$!4(%$!0&K$06!+(!%$I(%+!2!
1&*+(%6!()!*,&/&-$!2++$4I+*8!

L(%$.( DL2.*&002!
$+!208!9:;:<=!

R;Q! <W8:! @S!
!

GI2&.! [&B1!*/1((0!
*+,-$.+!

C%(**D
*$/+&(.20!

J,4&.2+&(.! G1(%+!^$I%$**&#$!
J,4&.2+&(.!G/20$!

G$0)D%$I(%+! M++$4I+*!90&)$+&4$=! G&.B0$!&+$4!*/20$! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! [&B1$%!%,4&.2+&(.!'2*!2**(/&2+$-!'&+1!2!1&*+(%6!()!*,&/&-$!2++$4I+*!)(%!
2-(0$*/$.+*!'1(!-(!2.-!-(.m+!,*$!/2..23&*8 !

[$-0$6!$+!208!
9:;:<=!

<?Q<! WS8;>! R:! S<8>! TGM! C(44,.&+6 ! C%(**D
*$/+&(.20!

J,4&.2+&(.! Y$..!G+2+$!`(%%6!
F,$*+&(..2&%$!

G$0)D%$I(%+! U-$2+&(.! ^GL DQ!X$#$0!<!C%(**D
C,++&.B!G64I+(4!L$2*,%$!

G$0)D%$I(%+! X&.$2%!%$B%$**&(.!]!
MNC"OM!

J,4&.2+&(.!'2*!.(+!2!*&B.&)&/2.+!I%$-&/+(%!()!*,&/&-20!&-$2+&(.!'1$.!
/(#2%&2+$*!'$%$!&./0,-$-!&.!+1$!4(-$08!

J(*2%&(D̀&00&24*!
$+!208!9:;:<=!

<:Q! ! S>! <?! TGM! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

J,4&.2+&(.! JJG! G$0)D%$I(%+! U-$2+&(.!9I2*+!+'(D
'$$K*=!

AGG! G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!0$#$0*!()!%,4&.2+&(.!I%$-&/+$-!$0$#2+$-!*$#$%&+6!()!*,&/&-20!
&-$2+&(.8!

MKI&.2%!M*02.!$+!
208!9:;:;=!

WQQ! <>8Q>! S:8S;!
!

E,%K$6! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

A%((-&.B5!%$)0$/+&(.5!]!
%,4&.2+&(.!

JJGDGH! G$0)D%$I(%+! M++$4I+*!90&)$+&4$=! LUNU! U.+$%#&$'! ED+$*+*!]!3&.2%6!
0(B&*+&/!%$B%$**&(.!

[&B1$%!0$#$0*!()!3%((-&.B5!.(+!%$)0$/+&(.5!'$%$!4(%$!0&K$06!+(!%$I(%+!2!
1&*+(%6!()!*,&/&-$!2++$4I+*8!

71(*%2#2.&!$+!208!
9:;:;= !

WQ;! :S8@! RR8S!
!

U%2.! U.I2+&$.+! C%(**D
*$/+&(.20!

J,4&.2+&(.!]!G$0)D
J$)0$/+&(.!

JJ F! G$0)D%$I(%+! U-$2+&(.!9'$$K=! AGG! G$0)D%$I(%+! ED+$*+*!]!I2+1!
2.206*&*!

X('$%!*$0)D%$)0$/+&(.5!3,+!.(+!%,4&.2+&(.5!I%$-&/+$-!*,&/&-20!&-$2+&(.8!

M%'$%+!2.-!G&P((!
9:;:;= !

SQ! WQ8?>! W>!
!

N$+1$%02.
-* !

",+I2+&$.+! C%(**D
*$/+&(.20!

J,4&.2+&(.! JJF ! G$0)D%$I(%+! U-$2+&(.! AGG! G$0)D%$I(%+! MN"OM!]!0&.$2%!
%$B%$**&(.!

E1$!%,4&.2+&(.!*/(%$*!'$%$!1&B1$%!&.!+1$!B%(,I!'&+1!2!1&*+(%6!()!2++$4I+$-!
*,&/&-$!2.-!I(*&+&#$06!%$02+$-!+(!+1$!-$B%$$!()!*,&/&-20&+68!

j8!X&,!$+!208!
9:;:;= !

<<><! <>8<! QR8<>!
!

C1&.2! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

A%((-&.B! JJG! G$0)D%$I(%+! U-$2+&(.! AGG! G$0)D%$I(%+! X&.$2%!%$B%$**&(.*!! [&B1$%!3%((-&.B!I%$-&/+$-!4(%$!*$#$%$!*,&/&-20!&-$2+&(.8!!

C1(!$+!208!9:;:;=! <?<! :;8;< ! QQ8:! RR8>! TGM! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

A%((-&.B! JJF ! G$0)D%$I(%+! U-$2+&(.!]!2++$4I+*!
90&)$+&4$=!

GAFDJ ! G$0)D%$I(%+! L,0+&.(4&20!0(B&*+&/!
%$B%$**&(.!

[&B1$%!0$#$0*!()!3%((-&.B!'$%$!2**(/&2+$-!'&+1!B%$2+$%!(--*!)(%!*,&/&-20!
&-$2+&(.5!3,+!.(+!*,&/&-$!2++$4I+*8!

`2.B!$+!208!9:;:;=! ?>@! <?8??! @S8:!
!

C1&.2! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

A%((-&.B5!%$)0$/+&(.5!]!
%,4&.2+&(.!

JJG! G$0)D%$I(%+! U-$2+&(.! G$0)D%2+&.B!U-$2!()!G,&/&-$!
G/20$!!

G$0)D%$I(%+! G+%,/+,%20!$i,2+&(.!
4(-$0&.B!

[&B1$%!0$#$0*!()!%,4&.2+&(.5!&./0,-&.B!3%((-&.B!2.-!%$)0$/+&(.5!I%$-&/+$-!
*,&/&-20!&-$2+&(.8!

^,))6!$+!208!9:;:;=! Q?! :Q8R:! R>! S;8S! TGM! ",+I2+&$.+! C%(**D
*$/+&(.20!

A%((-&.B! JJG! G$0)D%$I(%+! U-$2+&(.!9+'(D'$$K*=! ^GUDG,&/! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! [&B1$%!0$#$0*!()!3%((-&.B!'$%$!2**(/&2+$-!'&+1!4(%$!*$#$%$!*,&/&-20!
&-$2+&(.8!

A%2#(!$+!208!
9:;:;= !

<?>! @W8<@! @8SR! S@8<! TGM! O$+$%2.*! C%(**D
*$/+&(.20!

J,4&.2+&#$!+1&.K&.B! JEGF! G$0)D%$I(%+! U-$2+&(.! ^GL DQ!X$#$0!<!C%(**D
C,++&.B!G64I+(4!L$2*,%$!

G$0)D%$I(%+! Y2+1!2.206*&*! \2/1!%,4&.2+&(.!*,3*/20$!'2*!I(*&+&#$06!2**(/&2+$-!'&+1!*,&/&-20&+65!3,+!
+1&*!$))$/+!-&-!.(+!I$%*&*+!'1$.!/(#2%&2+$*!'$%$!&./0,-$-8!

A$/K$%!$+!208!
9:;:;= !

W;:! <W8<S! @@8S! ?<8?! TGM! [&B1!*/1((0!
*+,-$.+!

C%(**D
*$/+&(.20!

A%((-&.B!]!%$)0$/+&(.! JJG! G$0)D%$I(%+! U-$2+&(.!9I2*+!+'(D
'$$K*=!

^GUDG,&/! G$0)D%$I(%+! A&#2%&2+$!/(%%$02+&(.*! [&B1$%!0$#$0*!()!3%((-&.B!2.-!%$)0$/+&(.!'$%$!2**(/&2+$-!'&+1!4(%$!*$#$%$!
*,&/&-20!&-$2+&(.8!

G2B&#!2.-!_#&(.!
9:;:;= !

>W! :W8>?! <;; !
!

U*%2$0! U.I2+&$.+! C%(**D
*$/+&(.20!

A%((-&.B5!%$)0$/+&(.5!]!
%,4&.2+&(.!

JJG! G$0)D%$I(%+! U-$2+&(.!]!2++$4I+*!
90&)$+&4$=!

GAFDJ ! G$0)D%$I(%+! G+%,/+,%20!$i,2+&(.!
4(-$ 0&.B!

[&B1$%!B0(320!%,4&.2+&(.!'2*!I(*&+&#$06!%$02+$-!+(!*,&/&-20!&-$2+&(.5!3,+!
.(+!2!1&*+(%6!()!*,&/&-$!2++$4I+*8!

[(%'&+P!$+!208!
9:;<>=!

:?R! <?! Q>! SS! TGM! U.I2+&$.+! X(.B&+,-&.20!
9@!4(.+1*=!

A%((-&.B!]!%$)0$/+&(.! JJG! G$0)D%$I(%+! U-$2+&(.!94(.+1=!]!
2++$4I+*!9)(,%D
4(.+1*=!

CGGJG! U.+$%#&$'! X&.$2%!]!0(B&*+&/!
%$B%$**&(.*!

[&B1$%!3%((-&.B!'2*!2**(/&2+$-!'&+1!2!0&)$+&4$!1&*+(%6!()!*,&/&-$!2++$4I+*!
3,+!-&-!.(+!I%$-&/+!*,&/&-20!&-$2+&(.!(%!3$12#&(%!2+!)(00('D, I8!!

7$00$6!$+!208!
9:;<>=!

:?W! W:8R<! WR8<! RW8>R! TGM! O$+$%2.*! C%(**D
*$/+&(.20!

J,4&.2+&#$!+1&.K&.B! JEGF! G$0)D%$I(%+! G,&/&-20&+6! U^MG! G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!0$#$0*!()!I%(30$4D)(/,*$-!+1(,B1+*!I%$-&/+$-!4(%$!*$#$%$!
*,&/&-20&+68!

H2-(&%!$+!208!
9:;<>=!

::? ! WW8SW! Q;8??! R:8@! TGM! Y%&*(.$%*! C%(**D
*$/+&(.20!

J,4&.2+&(.! JJG! G$0)D%$I(%+! U-$2+&(.!9I2*+!6$2%=! GAFDJ ! G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!B0(320!%,4&.2+&(.!'2*!I(*&+&#$06!%$02+$-!+(!%$/$.+!*,&/&-20!&-$2+&(.5!
3,+!.(+!),+,%$!*,&/&-20!&.+$.+&(.8!

[2*K&.B!$+!208!
9:;<>=!

@<Q! :;8>>! SR8?! ! M,*+%20&2.! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

J,4&.2+&(.! J$I$+&+&#$!E1&.K&.B!
F,$*+&(..2&%$!

G$0)D%$I(%+! U-$2+&(.!9I2*+!6$2%!]!
0&)$+&4$=!

E'(!&+$4!*/20$! G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!%,4&.2+&(.!'2*!)(,.-!+(!I%$-&/+!0&)$+&4$!*,&/&-20!&-$2+&(.5!3,+!.(+!
I2*+!6$2%!*,&/&-20!&-$2+&(.!'1$.!/(#2%&2+$*!'$%$!&./0,-$-8!!

J(B$%*!$+!208!
9:;<>=!

<SS! <>8RQ! S?8Q! ?W8R! TGM! C(00$B$!
*+,-$.+!

C%(**D
*$/+&(.20!

A%((-&.B!]!%$)0$/+&(.! JJG! G$0)D%$I(%+! G,&/&-20!&.+$.+!]!
2++$4I+*!90&)$+&4$=!

MGM^U! G$0)D%$I(%+! Y2+1!2.206*&*! [&B1$%!3%((-&.B!2.-!%$)0$/+&(.!'$%$!2**(/&2+$-!'&+1!4(%$!*$#$%$!*,&/&-20!
&.+$.+!2.-!1&B1$%!I%(323&0&+6!()!0&)$+&4$!1&*+(%6!()!*,&/&-$!2++$4I+*8!!
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!"#$%&H(!"#$%#&$'!()!*+,-&$*!&./0,-$-!&.!+1$!2**(/&2+&(.*!3$+'$$.!/1&0-1((-!420+%$2+4$.+5!*,&/&-20&+65!2.-!%,4&.2+&(.!9C(.+&.,$-=!

23$4$&)%$*1!)-&!+3($-)*$'-!9:)+*!=<!

)*+,- &
)"./$
%&012%&

3%"4&
"5%&

6%."$
%&789&

:;1*%&
789& <=+4*>-& )"./$%&*-/%& )*+,-&,%0154& ?>%,1@*=>&A">1"#$%709&

?>%,1@*=>&
.%"0+>%&
709&

?>%,1@*=>&
.%"0+>%&
*-/%709& B+*@=.%&A">1"#$%709&

B+*@=.%&
.%"0+>%709&

B+*@=.%&
.%"0+>%&
*-/%709& C4"$-*1@&"//>="@;& )+..">-&=D&>%0+$*0&

G2%K&*&2.!$+!208!9:;<>=! <W@! <@8R! QW! SS8R! TGM! C(44,.&+6 ! C%(**D*$/+&(.20! A%((-&.B!]!%$)0$/+&(.! JJG! G$0)D%$I(%+! U-$2+&(.!96$2%!]!+1%$$!4(.+1*=! ^&2B.(*+&/!
U.+$%#&$'!!

U.+$%#&$'! X(B&*+&/!%$B%$**&(.*! [&B1$%!3%((-&.B!I%$-&/+$-!4(%$!*$#$%$!*,&/&-20!&-$2+&(.8!!

X$2%!$+!208!9:;<>=! :S?! <>8SQ! RR8QQ! ?W8@Q! TGM! C(00$B$!*+,-$.+! C%(**D*$/+&(.20! A%((-&.B!]!%$)0$/+&(.! JJG! G$0)D%$I(%+! U-$2+&(.!]!2++$4I+*!90&)$+&4$=! GAFDJ ! G$0)D%$I(%+! [&$%2%/1&/20!0&.$2%!%$B%$**&(.! [&B1$%!0$#$0*!()!3%((-&.B!I%$-&/+$-!4(%$!*$#$%$!*,&/&-20&+68!
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'

$EQHA'#6B'Effect size interpretation'
<*+$1'6.'$..$,&'
1-J$1 28<?>AD' #IEHH' 0;<A:E9A'' ,E:@A'

Group 
difference Cohen's d' 0.2' 0.5' 0.8'

Strength of 
association 

Pearson's r and 
Spearman's ρ' 0.1' 0.3' 0.5'

Squared 
association 
indices 

R2, η2, Squared multiple 
correlations' 0.02' 0.13' 0.26'

Risk estimates Odds ratio' 1.5' 3.5' 5'
'
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