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ABSTRACT 

 
Chromosomal, lexical, and neurobiological mechanisms of cognitive 

reappraisal and how they relate to health indicators 

 

by 

 

Anoushka Deepak Shahane 

 
 

The ability to regulate emotion effectively impacts one’s mental and physical health. One 

adaptive emotion regulation strategy is cognitive reappraisal, which involves changing one’s 

appraisal of an aversive situation. The first aim examined linguistic mechanisms of cognitive 

reappraisal and how they relate to health indicators. Study 1 found that a linguistic signature of 

cognitive reappraisal significantly predicted negative affectivity, general well-being, and 

emotion regulation. In Study 2, I developed a Bayesian machine learning algorithm that 

significantly predicted language associated with sub-tactics of cognitive reappraisal. The second 

aim examined biological substrates of cognitive reappraisal how they relate to health indicators. 

Study 3 found that cognitive reappraisal moderated the relationship between telomere length and 

HRV. Study 4 found that one’s propensity to engage a reliable whole-brain pattern of reappraisal 

moderated the relationship between inattention and perceived stress. The studies shed light into 

cognitive reappraisal mechanisms and their impact on health biomarkers.  
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SECTION 1 

Introduction and Aims 

The ability to regulate emotion positively impacts one’s mental and physical health. One 

adaptive emotion regulation strategy is cognitive reappraisal (Gross, 1998a). Cognitive reappraisal 

involves changing one’s appraisal of an aversive situation (Denny & Ochsner, 2014). For example, 

if one drives by a car crash, one could cognitively reappraise the situation by saying, “Medical 

help is on the way, insurance will help, no one is fatally hurt, and everything will be okay.” 

Cognitive reappraisal has shown to be associated with positive health outcomes, including lower 

cardiovascular disease-related inflammation (Appleton, Loucks, Buka, & Kubzansky, 2014), 

depression and anxiety (Dryman & Heimberg, 2018), as well as healthy neural patterns of affect 

(Cutuli, 2014). The impact of emotion regulation ability on health raises several important 

questions: what are the driving forces that make cognitive reappraisal so powerful? Relatedly, how 

and when is cognitive reappraisal protective? Perhaps, language and biology can be avenues 

through which I can better understand mechanisms of cognitive reappraisal. My research program 

broadly adopts a health neuroscience approach to address the following two aims: (1) examine 

linguistic mechanisms of cognitive reappraisal and investigate how they relate to health indicators 

(2) examine biological substrates of cognitive reappraisal and investigate how they relate to health 

indicators. Both of these aims fall under a broader objective that drives my research, namely: to 

better understand circuitry supporting successful regulation in order to promote health and well-

being. Below, I discuss four studies that investigate these two aims—two studies for the first aim 

and two studies for the second aim. 
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SECTION 2 

Aim 1: Examine linguistic mechanisms of cognitive reappraisal and investigate how they 

relate to health indicators 

 

2.1 Study 1: Is a linguistic signature of cognitive reappraisal related to positive health 

outcomes? 

 

2.1.1 Introduction 

2.1.1.1 Cognitive Reappraisal. When confronted with a very unpleasant, stressful situation, 

sometimes the most adaptive response is to take a step back and coolly appraise what is happening. 

Indeed, recent empirical research has shown how distancing oneself from a negative situation, 

including by appraising the situation as an objective, impartial observer, or as spatially or 

temporally far away, can be an adaptive way to regulate one’s emotions (Denny & Ochsner, 2014; 

Kross, Ayduk, & Mischel, 2005; Ochsner, Silvers, & Buhle, 2012; Trope & Liberman, 2010). 

More recently, linguistic evidence of psychological distancing obtained via analysis of expressive 

writing has been shown to be associated with greater emotion regulation efficacy (Nook, Schleider, 

& Somerville, 2017). Although a growing body of evidence is beginning to coalesce around the 

beneficial effects of distancing in a variety of populations and contexts (Kross & Ayduk, 2017), 

the question of whether psychologically distanced language is associated with adaptive health 

indicators is less clear and represented the focus of the current work; such relationships may 

elucidate dependencies among language, emotion, and health, and may probe the translational 

value of linguistic distancing as an emotion regulation intervention. 



SHAHANE   

 
 

3 

In general, cognitive change targeting appraisal of an emotional situation is a powerful, 

flexible mechanism for emotion regulation. Indeed, a growing body of work has examined the 

adaptive impacts of cognitive reappraisal, which involves changing one’s cognitive construal of 

an emotionally evocative stimulus to alter its emotional impact, on experience, behavior, and 

physiology (Gross, 1998b, 2015a), including neural activity (Buhle et al., 2014; Ochsner et al., 

2012). A sub-form, or tactic (McRae, Ciesielski, & Gross, 2012) for implementing reappraisal is 

psychological distancing. According to construal level theory (Trope & Liberman, 2010), 

distancing can involve interpreting a negative situation as an objective, impartial observer (i.e., by 

“taking a step back” and employing self-distancing; Kross & Ayduk, 2017), and/or by interpreting 

a negative situation as spatially or temporally far away (Trope & Liberman, 2010). In addition, 

there is evidence that increasing psychological distance in one domain (e.g., self/social) often leads 

to increases in distance in other domains as well (e.g., spatial, temporal; Kross & Ayduk, 2017; 

Liberman & Trope, 2008; Trope & Liberman, 2010), and individual studies have often 

operationalized distancing using instructions that manipulate appraisal in multiple distancing 

domains at once (e.g., Denny & Ochsner, 2014).  

Recent research has demonstrated that shifting language to be more distant helps regulate 

negative emotions, as distance decreases negative affect and language can encode distance (Gross, 

1998b; Kross & Ayduk, 2017; Trope & Liberman, 2010). In addition, psychological distancing is 

associated with decreases in physiological and neural indices of affective arousal, such as blood 

pressure and skin conductance (Ayduk & Kross, 2008; Gross, 1998a; Paret et al., 2011) and 

amygdala activity (Ochsner & Gross, 2008; Ochsner et al., 2012; Tamir & Mitchell, 2011). 

2.1.1.2. Linguistic Distancing and Emotion Regulation. Recent work has begun to 

elucidate the linguistic mechanisms by which psychological distancing impacts emotion regulation 
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(e.g., by speaking in the third person; Kross & Ayduk, 2017; Kross et al., 2014). In addition, Nook 

and colleagues (2017) examined whether distancing one’s language spontaneously regulated one’s 

emotions after writing about negative images using psychologically “close” or distant” language 

in social (i.e., self-related), spatial, and temporal domains. The authors used Pennebaker’s 

Linguistic Inquiry and Word Count (LIWC; Pennebaker et al., 2015) to analyze the text responses 

and computed a linguistic distancing metric that combined several distancing measures (i.e., first-

person singular pronouns, present tense verbs, articles, discrepancy words, and words more than 

six letters). Nook and colleagues demonstrated that in all three distancing domains, using distanced 

language reduced negative affect, and that the instructed use of distanced language in one domain 

(e.g., physical, social, or temporal) had carryover effects in modulating language use in the other 

domains as well.  

Further work has linked shifts in pronoun usage to reduced negative affect in distressing 

situations. For example, participants who use non-first-person pronouns and one’s own name 

instead of first-person pronouns while introspecting have been shown to report lower negative 

affect (Mehl, Robbins, & Holleran, 2012; Nook et al., 2017; Pennebaker & King, 1999). Further, 

Kross and colleagues demonstrated moderate effects of non-first-person language usage leading  

individuals to appraise future stressors as more challenging and less threatening (Kross et al., 

2014). However, this prior work has focused on usage of first-person pronouns in particular rather 

than a comprehensive linguistic signature more directly reflective of psychological distancing 

(Cohn, Mehl, & Pennebaker, 2004; Mehl, Robbins, & Holleran, 2012; Nook et al., 2017).  

2.1.1.3 Emotion Regulation and Health Indicators. Extensive research has indicated that 

individuals who are better at regulating their emotions have better physical and mental health 

outcomes (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Florin, Freudenberg, & Hollaender, 
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1985; Greer & Watson, 1985; Hu et al., 2014; Verzeletti, Zammuner, Galli, & Agnoli, 2016). For 

example, emotion dysregulation has been associated with increased risk for cardiovascular disease 

(Appleton & Kubzansky, 2014; Berna, Ott, & Nandrino, 2014).  

In addition, emotion regulation ability has been shown to predict risk of anxiety, depression, 

life satisfaction, and overall general health (Verzeletti et al., 2016). Successful emotion regulation 

is associated with increased psychological well-being, including both emotional and social 

functioning. For example, individuals who use reappraisal habitually show positive health 

outcomes, including fewer depressive symptoms, greater self-esteem, and greater life satisfaction 

(Gross & John, 2003). Further, reappraisal has also been shown to be associated with stronger 

social relationships (English, John, Srivastava, & Gross, 2012). In addition, for highly stressed 

individuals, cognitive reappraisal has been shown to exhibit protective effects, as individuals who 

habitually use more reappraisal exhibit fewer depressive symptoms than individuals who use 

reappraisal less (Troy, Wilhelm, Shallcross, & Mauss, 2010). Furthermore, individuals who 

frequently reappraise report lower levels of stress-related symptoms, compared to other emotion 

regulation strategies like suppression (Moore, Zoellner, & Mollenholt, 2008). However, this 

literature has not yet explored whether these beneficial health indicators can be predicted from 

analysis of expressive writing during emotion regulation alone, which if substantiated may provide 

for a relatively quick, unobtrusive means of predicting a variety of health-relevant information. 

2.1.1.4 Emotion Regulation and Expressive Writing. Expressive writing of distressing 

situations has been shown to be cathartic and lead to sense-making, allowing individuals to gain 

broader, objective perspectives, and distance themselves from adverse situations. Recent work has 

demonstrated that expressive writing of distressing experiences promotes self-distancing (i.e., 

social distancing), as indexed by decreased use of first-person singular pronouns (Park, Ayduk, & 
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Kross, 2016). Relatedly, affective labelling (i.e., putting feelings into words) has been shown to 

reduce self-reported negative affect (Lieberman, Inagaki, Tabibnia, & Crockett, 2011). Expressive 

writing demands a certain degree of structure and basic labelling or acknowledgement of emotions 

(Lieberman et al., 2007), which may underlie its adaptive emotional effects (Pennebaker & Chung, 

2007). 

Further, there is evidence of positive health outcomes being associated with expressive 

writing about negative situations (Lu & Stanton, 2010; Pennebaker, 1997). For example, 

expressive writing is associated with better long-term physical health indexed by illness-related 

visits to the doctor, blood pressure, lung function, liver function, and number of days in the hospital 

(Baikie & Wilhelm, 2005). In addition, a rich feature of expressive writing is the translation of 

emotional experiences into words. Even in the absence of an instruction to regulate, extensive 

verbal processing reduces negative affect and enhances immune function, including T-helper cell 

growth, antibody response to Epstein-Barr virus, and antibody response to hepatitis B vaccinations 

(Pennebaker & Chung, 2007). Furthermore, expressive writing has shown to be related to cognitive 

ability. For example, students who experienced emotional disclosure through expressive writing 

demonstrated larger working memory gains relative to students who wrote about a trivial topic 

(Klein & Boals, 2001). Thus, cognitive ability may play a role in linguistic distancing and therefore 

disentangle the emotional versus cognitive sources of language production and their relationship 

with health outcomes. 

Overall, the goal of Study 1 was to further probe the relationship between linguistic 

distancing and emotion regulation. In particular, I aimed to examine whether linguistic evidence 

of psychological distancing (implemented via either one of two sub-tactics for distancing: 

objective, impartial appraisal or via manipulation of spatial and temporal distance) is associated 
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with adaptive health-related indicators in addition to reduced self-reported negative affect (Figure 

1). Addressing these relationships is important in order to further probe the psychological 

mechanisms underlying distancing as well as to examine the translational adaptive potential of 

linguistic distancing via expressive writing. Notably, I chose to include three groups (one group 

manipulated to use the objective tactic, the second group manipulated to use the spatial and/or 

temporal tactic, and the third group to respond naturally) given prior work that has linked spatial 

and temporal aspects of distancing (Nook et al., 2017; Parkinson, Liu, & Wheatley, 2014). I chose 

to use the standardized linguistic distancing metric to index the degree of language-based 

psychological distancing to maximize comparability across groups, given the common linguistic 

features underlying the distancing construct. I predicted that self-reported negative affect would 

be reduced in both distancing groups and that linguistic distancing would be associated with 

greater indicators of positive health outside the lab. 

2.1.2 Method 

2.1.2.1 Participants. Ninety-four healthy adults fluent in English provided written 

informed consent to participate in the study. Participants were recruited from Rice Univers ity’s 

undergraduate psychology participant pool and were compensated with academic credit. All 94 

participants were included in the final analyses (67% female; 34% Asian or Pacific Islander, 34% 

Caucasian, 22% Hispanic or Latino, 10% African-American, 6% Mixed-Race; age M = 19.37 

years, age SD = 1.19 years). As described below, participants were randomly assigned to one of 

three groups (Objective, Far, Look Only). The final sample included 32 participants in the 

Objective group (age M = 19.25 years, age SD = 1.01 years), 31 participants in the Far group (age 

M = 19.30 years, age SD = 0.99 years), and 31 participants in the Look Only group (age M = 18.97 

years, age SD = 0.87 years). All procedures were approved by the Rice University Institutional 
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Review Board. A priori power analysis computed with G*Power showed that roughly 30 

participants were required in each cell (estimated effect size f = 0.30, p < .05) for a power of 0.8 

(Faul, Erdfelder, Buchner, & Lang, 2009). 

2.1.2.2 Materials and Measures.  

Stimuli. Participants viewed neutral or negative digital color images selected from the 

International Affective Picture System (IAPS; Lang et al., 1993). Each participant viewed 40 

negative pictures that were highly negative (M = 2.15, SD = 1.38, on a scale ranging from 1 to 9 

where 9 is completely happy), and highly arousing (M = 6.11, SD = 2.25, on a scale ranging from 

1 to 9 where 9 is completely aroused). Each participant also viewed 20 neutral images that are 

neither negative (M = 6.06, SD = 1.46) nor arousing (M = 3.91, SD = 2.19) from the IAPS database 

(Figure 2). 

2.1.2.3 Procedure 

Questionnaire Measures. Please see Appendix A: Supplemental Materials for sample 

items for each questionnaire measure. Following informed consent, all participants first completed 

questionnaire measures assessing mental and physical health indicators including negative 

affectivity, general health and well-being, and emotion regulation. To assess negative affectivity, 

participants completed the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 

1977), which assesses depressive symptomology during the past week (Cronbach’s 𝛼 = .85), as 

well as the Perceived Stress Scale  (PSS; Cohen, Kamarck, & Mermelstein, 1983), which assesses 

the participant’s perceived stress over the course of the past few days (Cronbach’s 𝛼 = .84). 

To assess general health and well-being, participants completed the RAND short-form 

health survey (SF-36; Ware & Sherbourne, 1992), which is a 36-item measure containing eight 

multi-item subscales: 1) physical functioning (Cronbach’s 𝛼 = .93), 2) role limitations due to 



SHAHANE   

 
 

9 

physical health (Cronbach’s 𝛼 = .84), 3) role limitations due to emotional problems (Cronbach’s 

𝛼 = .83), 4) energy/fatigue (Cronbach’s 𝛼 = .86), 5) pain (Cronbach’s 𝛼 = .78), 6) emotional well-

being (Cronbach’s 𝛼 = .90), 7) social functioning (Cronbach’s 𝛼 = .85), and 8) general health 

(Cronbach’s 𝛼 = .78) (Murdock, Fagundes, Peek, Vohra, & Stowe, 2016; Ware & Sherbourne, 

1992). 

To assess emotion regulation, participants first completed the Emotion Regulation 

Questionnaire (ERQ; Gross & John, 2003), which assesses how frequently participants report 

regulating their emotions via reappraisal and expressive suppression (Cronbach’s 𝛼 = .79), as well 

as the Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004), a widely-used 

assessment of emotion dysregulation (Cronbach’s 𝛼 = .93). Example items include, “I control my 

emotions by changing the way I think about the situation I’m in.” or “When I am feeling negative 

emotions, I make sure not to express them.” Please see Appendix A: Supplemental Materials for 

Study 1 for additional details. 

Task Training. Participants were then randomly assigned to one of three groups: 1) 

Objective, 2) Far or 3) Look Only. Each group was provided different instructions on how to 

describe the stimuli depending on the sub-tactic. In the Objective group, participants were 

instructed to view the images as an objective, impartial observer and use language that reflected 

that appraisal. Specifically, they were told “when you see the instruction “change,” we would like 

you to write about that picture using impartial and objective words.” For example, a sample 

interpretation of an example negative stimulus provided was “A wounded person is lying on the 

ground with blood clearly visible.” In the Far group, participants were instructed to use spatially 

and/or temporally distant language to describe the images that they saw. Specifically, they were 

told “when you see the instruction “change,” we would like you to write about that picture using 
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words that make the image seem physically and temporally far away from you.” For example, a 

sample interpretation of an example negative stimulus provided was “A wounded person was lying 

on the ground a long time ago and far away from me.” Participants in the Look Only group saw 

all of the same images and were instructed to simply look and respond naturally to all images and 

write about them accordingly. Participants then underwent the emotion regulation training 

procedure depending on the group to which they were randomly assigned. The training procedure 

lasted for 8-10 minutes and was conducted at a computer in the laboratory by a trained 

experimenter using procedures similar to those used in previous research (Denny & Ochsner, 

2014).  

In particular, participants were told that they would see a series of images preceded by one 

of two cues: either the word “LOOK” or the word “CHANGE”. When participants viewed the 

word "LOOK," they were instructed to look at the stimulus and respond as they naturally 

would. When the participants viewed the word “CHANGE,” they were instructed to use objective, 

impartial language (Objective group), or instructed to describe the image in terms of increased 

spatial or temporal distance (Far group), depending on the group to which they were assigned, 

during the upcoming expressive writing period. Thus, there were three trial types: Look Neutral 

(i.e., the LOOK cue paired with a neutral image), Look Negative (i.e., the LOOK cue paired with 

a negative image), and Change Negative (i.e., the CHANGE cue paired with a negative image). 

After these instructions were given, four “walk-through” example images were then presented (1 

example Look Negative trial followed by 3 example Change Negative trials in the Objective and 

Far groups; 4 Look Negative trials for the Look Only group), with self-paced timing and the 

experimenter present. While the image was on the screen, participants were instructed to write 

about their thoughts and feelings in response to the image while applying the cued instruction 
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(either “LOOK” or “CHANGE”), following procedures established by Nook and colleagues (Nook 

et al., 2017).  The experimenter ensured that the participant understood the task directions before 

proceeding.  

Reappraisal Task. Participants then completed the reappraisal task. The task session for 

all groups consisted of 60 total trials. Each trial consisted of four phases. First, a fixation cross was 

presented for 3 to 5 s (M = 4 s). Second, a cue (“LOOK” or “CHANGE”) was presented for 4 s. 

Then, either a negative or neutral image was presented for 30 s. During this time, participants were 

instructed to write about their thoughts and feelings in response to the image while applying the 

cued instruction, per the training procedures above. The image advanced automatically after 30 s. 

Finally, for each trial, participants were asked during a 4 s rating period to provide a self-reported 

negative affect judgement ("How bad do you feel?") on a scale of 1 (not bad at all) to 7 (extremely 

bad). 

The task consisted of 20 Look Neutral trials, 20 Look Negative trials, and 20 Change 

Negative trials. In the Look Only group, there were 40 Look Negative and 20 Look Neutral trials. 

Three task runs were presented (consisting of 20 trials per condition per run). Order of runs were 

counterbalanced across participants. All stimuli were unique during both the training phase and in 

the actual task, and negative images were counterbalanced in their assignments to condition (i.e., 

LOOK or CHANGE) across participants. At the conclusion of the study, participants were orally 

debriefed and thanked for their participation. Figure 2 contains a schematic of the Reappraisal 

Task. 

2.1.2.4 Data Analysis. To quantify the degree of linguistic distancing employed by each 

participant on each trial, I used Pennebaker's Linguistic Inquiry and Word Count (LIWC; 

Pennebaker et al., 2015), which computes percentages of words falling within particular word 
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categories. LIWC has been used extensively in empirical research exploring similar constructs, 

ranging from examinations of the adaptiveness of social feedback (Doré, Morris, Burr, Picard, & 

Ochsner, 2017), to emotion regulation strategies such as self-distancing (Kross & Ayduk, 2008). 

The LIWC analyses focused on positive affect words, negative affect words, and a composite 

linguistic measure of psychological distancing (i.e., using the methodology of Mehl et al., 2012; 

Nook et al., 2017; Pennebaker & King, 1999). Please see Appendix A: Supplemental Materials for 

analyses on negative and positive affect word usage. In particular, the composite psychological 

distancing score was calculated by z-scoring first-person singular pronouns (e.g., I, my), present-

tense verbs, articles (e.g., the, a), discrepancy words (e.g., would, should), and words of more than 

six letters, which were then averaged as indicated below. Previous research has indicated that these 

lexical components best track verbal immediacy and have been used to index linguistic distancing 

in previous literature (Mehl, Robbins, & Holleran, 2012; Cohn et al., 2004; Nook et al., 2017; 

Pennebaker & King, 1999). Accordingly, the z-scored frequencies of first-person singular 

pronouns, present-tense verbs, and discrepancy words were reverse-scored (multiplied by -1) and 

then averaged with the z-scored frequencies of articles and words of more than six letters for each 

trial, per participant and per group. Linguistic distancing was then calculated as the difference 

between Change Negative and Look Negative using this metric (i.e., score for Change Negative – 

score for Look Negative). Lower linguistic distancing scores suggest that writing is personal and 

focused on the present, whereas higher linguistic distancing scores show that writing is impersonal 

and not focused on the present.  

I first aimed to conduct manipulation checks to examine whether self-reported negative 

affect ratings and composite linguistic distancing scores differed between the Look Negative and 

Change Negative trials in the Objective and Far groups. I used repeated-measures analyses of 



SHAHANE   

 
 

13 

variance (ANOVAs) to test for significant differences among the three trial types (Change 

Negative, Look Negative, and Look Neutral) and among the groups. Post-hoc t-tests were 

conducted to further assess pair-wise differences between the trial types and groups. Then, I 

examined correlations between linguistic distancing and health indicators including symptoms of 

depression (CES-D), perceived stress (PSS), general well-being (all eight subscales of the SF-

36), reappraisal frequency (a subscale of the ERQ), and difficulties in emotion regulation 

(DERS).  

Three standardized health composite metrics were created: 1) Negative Affectivity, 2) 

General Well-Being, and 3) Emotion Regulation. For each scale, I first created z-scores for each 

participant, and then I averaged standardized scores across the following scales for each 

participant: 1) The Negative Affectivity composite score averaged the standardized Perceived 

Stress scores and Symptoms of Depression scores. 2) The General Well-Being composite score 

averaged the standardized Energy and Vitality scores, Emotional Well-Being scores, and Social 

Functioning scores. 3) The Emotion Regulation composite score averaged the standardized 

Reappraisal Frequency scores and standardized reverse-scored Difficulties in Emotion 

Regulation scores. Once the three new composite scores were created, I computed the 

correlations with the composite linguistic distancing metric. 

2.1.3 Results 

2.1.3.1 Self-reported negative affect ratings. As a manipulation check, I first assessed 

the self-reported negative affect data. There was a main effect of trial type on self-reported negative 

affect reports, F(2, 156) = 585.03, p < .001, Cohen’s f = 2.70, and a main effect of group on self-

reported negative affect reports, F(2, 98) = 3.25, p = .043, Cohen’s f = 0.25 (Figure S1 and Table 

S1). As expected, across the psychological distancing groups, participants reported feeling less 
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negative in the Change Negative trials relative to the Look Negative trials, t(62) = 3.57, p < .001, 

d = 0.44. To further investigate the main effect of group, I did post-hoc pairwise comparisons 

among the groups; however, no pairwise group differences were observed (p > .3). Overall, 

manipulation checks were successful. Please see Appendix A for Supplemental Materials with 

additional details.  

2.1.3.2 Composite Linguistic Distancing. Table S1 shows descriptive statistics for each 

trial type for each group on all lexical component measures as well as composite linguistic 

distancing scores. There was a main effect of trial type on composite linguistic distancing scores, 

F(2, 151) = 35.42, p < .001, Cohen’s f = 0.68, and a main effect of group on composite linguistic 

distancing scores, F(2, 94) = 8.54, p < .001, Cohen’s f = 0.43 (Figure 3 and Table S1). As expected, 

across the psychological distancing groups (Objective and Far), participants implemented more 

linguistic distancing during Change Negative trials relative to Look Negative trials, t(62) = 8.59, 

p < .001, d = 1.08. To unpack the main effect of group, participants in the Objective group 

implemented more linguistic distancing overall relative to the Look Only group, t(61) = 5.15, p < 

.001, d = 1.30, and among Look Negative trials in particular (t(61) = 3.25, p = .002, d = 0.82). 

Participants in the Far group also implemented more linguistic distancing overall relative to the 

Look Only group, t(60) = 4.62, p < .001, d = 1.17, and among Look Negative trials in particular 

(t(60) = 2.80, p = .007, d = 0.71). However, there were no significant differences in composite 

linguistic distancing between the Objective and Far groups for any trial type (all p > .9). Further, 

composite linguistic distancing did not significantly predict reappraisal success (i.e. mean self-

reported negative affect score for Change Negative relative to Look Negative trials; Table S2). 

2.1.3.3 Association between linguistic distancing and health indicators. Table S3 shows 

descriptive statistics by group for each health indicator. There were no pair-wise significant 
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differences among the groups for any of the health indicator questionnaire measures. No outliers—

quantified as more than three IQRs from the hinges—were present in any variable (i.e., composite 

linguistic distancing and all health indicator scores).  

Before examining the association between linguistic distancing and health-relevant 

indicators, as a manipulation check, I assessed the degree of correlation of the health indicators 

with each other. Many, though not all, of the health indicators above were correlated with each 

other in expected directions (Table S4). I then examined associations between linguistic distancing 

and health indicators in three ways: collapsing across the Objective and Far groups in order to 

assess associations with distancing in general, and then within each group alone. Raw data 

pertaining to analyses performed in Study 1 are available at the following link: 

https://osf.io/8bmsp/?view_only=6574b8ca7c544a8eadc52d7d046fe4cd. 

2.1.3.4 Association between linguistic distancing and health indicators: Collapsing 

across the Objective and Far groups.  

Negative Affectivity. Collapsing across distancing groups (i.e., Objective and Far), 

participants with greater linguistic distancing in their transcriptions during reappraisal, indexed by 

subtracting the Look Negative linguistic distancing metric from the Change Negative linguistic 

distancing metric, reported diminished amounts of negative affectivity (Figure 4 and Table 1). 

Consistent with hypotheses, there was a significant negative association between linguistic 

distancing and the negative affectivity composite score, r(61) = –.30, p = .017, 95% CI [–.511, –

.057]. There was a significant negative association between linguistic distancing and perceived 

stress as measured by the PSS (M = 17.5, SD = 7.7), r(61) = –.31, p = .013, 95% CI [–.518, –.068] 

(Figure 4A), and symptoms of depression as measured by the CES-D (M = 15.0, SD = 11.3), r(61) 

= –.27, p = .035, 95% CI [–.482, –.019] (Figure 4B).  

https://osf.io/8bmsp/?view_only=6574b8ca7c544a8eadc52d7d046fe4cd
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General Well-Being. In addition, individuals with greater linguistic distancing reported 

greater general well-being as measured by the SF-36. There was a significant positive association 

between linguistic distancing and the general well-being composite score, r(61) = .28, p = .029, 

95% CI [.030, .490]. There was a significant positive association of linguistic distancing and 

emotional well-being (M = 67.2, SD = 17.6), r(61) = .29, p = .021, 95% CI [.046, .502] (Figure 

4C), and a marginal positive association of linguistic distancing and energy and vitality (M = 49.2, 

SD = 15.5), r(61) = .23, p = .066, 95% CI [–.016, .454] (Figure S2). 

Emotion Regulation. Finally, individuals with greater linguistic distancing reported better 

emotion regulation. There was a significant positive association between linguistic distancing and 

the emotion regulation composite score, r(61) = .33, p = .009, 95% CI [.085, .531]. There was a 

significant negative association of linguistic distancing and difficulties in emotion regulation (i.e., 

DERS scores) (M = 76.9, SD = 19.4), r(61) = –.29, p = .022, 95% CI [–.500, –.043] (Figure 4D), 

and a positive association with reappraisal frequency (i.e., ERQ reappraisal scores) (M = 30.6, SD 

= 5.9), r(61) = .27, p = .031, 95% CI [.026, .487] (Figure S2), respectively.  

Results were broadly consistent when using a regressed change approach, which involved 

implementing general linear models with linguistic distancing during Change Negative trials as 

the independent variable, linguistic distancing during Look Negative trials as the covariate, and 

each health index as the dependent variable, although these analyses did not reach significance 

thresholds for negative affectivity and emotion regulation measures. Please see Appendix A: 

Supplemental Materials for more details. 

2.1.3.5 Association between linguistic distancing and health indicators: Objective 

Group.  
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Negative Affectivity. I next assessed these relationships within each group in order to probe 

differences according to different distancing sub-tactics (Figure S3). Within the Objective group, 

participants with greater linguistic distancing reported overall greater mental health. There was a 

there was a significant negative association between linguistic distancing and the negative 

affectivity composite score, r(30) = –.45, p = .010, 95% CI [–.690, –.120]. Greater linguistic 

distancing within this group showed a significant negative association with symptoms of 

depression (i.e., CES-D scores) (M = 14.1, SD = 12.8), r(30) = –.44, p = .011, 95% CI [–.111, –

.685], and perceived stress (i.e., PSS scores) (M = 16.7, SD = 8.5), r(30) = –.43, p = .015, 95% CI 

[–.675, –.092]. 

General Well-Being. Individuals with greater linguistic distancing reported greater general 

well-being (i.e., SF-36 scores). There was a significant positive association between linguistic 

distancing and the general well-being composite score, r(30) = .41, p = .018, 95% CI [.076, .667]. 

There was a significant positive association with emotional well-being (M = 66.8, SD = 19.7), 

r(30) = .41, p = .019, 95% CI [.073, .665], a significant positive association with social functioning 

(M = 82.0, SD = 16.2), r(30) = .36, p = .046, 95% CI [.007, .626], and a significant positive 

association with energy and vitality (M = 51.3, SD = 17.5), r(30) = .35, p = .048, 95% CI [.004, 

.624]. 

Emotion Regulation. There was no significant association between linguistic distancing 

and the emotion regulation composite score, r(30) = .25, p = .17, 95% CI [–.108, .551]. Further, 

there was a marginal negative association between linguistic distancing and difficulties in emotion 

regulation (i.e., DERS scores) (M = 75.3, SD = 20.4), r(30) = –.32, p = .079, 95% CI [–.598, .038]. 

2.1.3.6 Association between linguistic distancing and health indicators: Far Group. 
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Emotion Regulation. Within the Far group (Figure S4), there was a significant positive 

association between linguistic distancing and the emotion regulation composite score, r(29) = .44, 

p = .013, 95% CI [.101, .687]. Participants with greater linguistic distancing showed a significant 

positive association with reappraisal frequency as measured by the ERQ (M = 29.9, SD = 6.1), 

r(29) = .45, p = .010, 95% CI [.118, .696], and a marginal negative association with difficulties in 

emotion regulation (i.e., DERS scores) (M = 78.6, SD = 18.5), r(29) = –.31, p = .091, 95% CI [–

.598, .051]. No other relationships were significant (Table 1).  

Using Fisher r-to-z transformations, I computed values of z that could be applied to assess 

the significance of the difference between two correlation coefficients—I examined differences in 

correlation magnitude for the Objective and Far groups between linguistic distancing and each 

health indicator. No correlation differences were significant. There were also no significant 

relationships between linguistic distancing and each of the remaining subscales of the SF-36 (e.g., 

physical functioning, role limitations due to physical health) in any of the groups. 

2.1.4 Discussion 

2.1.4.1 Summary of Results. In Study 1, I sought to examine the relationship between 

expressive writing, emotion regulation, and validated questionnaire measures of overall health. I 

found that when individuals are manipulated to use language reflective of psychological 

distancing, positive relationships were present between linguistic distancing and several indicators 

of health and wellness. Across both psychological distancing groups, linguistic distancing was 

associated with lower negative affectivity (lower perceived stress and symptoms of depression), 

better general well-being (better emotional well-being and energy and vitality), and better emotion 

regulation (greater reappraisal frequency and fewer difficulties in emotion regulation). When 

individuals were manipulated to specifically use objective language, linguistic distancing was 
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associated with lower negative affectivity (lower symptoms of depression and perceived stress), 

better general well-being (better emotional well-being, social functioning, and energy and vitality), 

and better emotion regulation as well (fewer difficulties in emotion regulation). When individuals 

were manipulated to specifically use far language, linguistic distancing was associated with better 

emotion regulation (greater reappraisal frequency and fewer difficulties in emotion regulation). 

Though correlational, Study 1 provides additional insight into the mechanisms connecting 

emotion regulation, language, and psychological and health-related indicators. Nook and 

colleagues showed that spontaneously engaging in linguistic distancing during reappraisal (i.e., 

after having been given instructions to reinterpret the meaning of a negative image rather than 

engage in distancing) was positively associated with increasing reappraisal success (defined as 

greater reductions in self-reported negative affect due to reappraisal). Although self-reported 

negative affect ratings did indicate significant reappraisal success overall in Study 1, the lack of 

significant relationships between linguistic distancing and reappraisal success in the current results 

may be due to several factors, including potentially greater sensitivity and less restrictive range in 

the measured health indicators relative to reappraisal success. Future work with larger samples 

may further examine relationships between linguistic distancing and reappraisal success. Notably, 

the data presented are primarily informative about the existence and direction of the relationships 

more so than the magnitudes of the correlations. Future work involving larger samples may provide 

more reliable estimates of correlation effect sizes. Furthermore, determining how large these 

samples may need to be may depend on the confidence interval on the difference between 

independent correlations (Vassar Stats, 2019). 

2.1.4.2 Links to Previous Research. In addition, the present results suggest that 

incorporating lexical shifts reflective of distancing may be adaptive. Previous research has 



SHAHANE   

 
 

20 

elucidated linkages among explicit reappraisal frequency across multiple tactics and some adaptive 

health indicators, such as depression, life-satisfaction, and well-being (Gross & John, 2003), and 

our results indicate for the first time that overall linguistic distancing in particular is associated 

with several adaptive health indicators. Thus, the present work builds on an emerging body of 

research on the adaptiveness of distancing as a tool in one’s emotion regulation repertoire (Ayduk 

& Kross, 2008; Kross & Ayduk, 2008, 2017). 

The present results are also relevant to prior work on expressive writing. Substantiating the 

promise of expressive writing as a means to regulate emotion, a meta-analysis of 146 studies on 

experimental disclosure found that disclosing thoughts and feelings about personal and meaningful 

topics is beneficial for psychological and physical health (Frattaroli, 2006). Other examinations of 

the efficacy of expressive writing interventions on improving health outcomes have yielded 

divergent conclusions, however. A meta-analysis of 64 randomized studies on the effect 

of expressive writing on depressive symptoms found that brief, self-directed expressive writing is 

not efficacious in reducing depressive symptoms among healthy adults with varying levels 

of stress (Reinhold, Bürkner, & Holling, 2018). However, the present results suggest that focused, 

task-driven expressive writing specifically reflective of psychological distancing may be 

associated with positive health outcomes. Overall, these results suggest that expressive writing, 

and the emotional granularity and complexity that this entails, may be an important linguistic 

mechanism underlying some of the adaptive effects of emotion regulation (and reappraisal, in 

particular) that drive health benefits in general (Kashdan, Barrett, & McKnight, 2015). 

Further, a recent quantitative meta-analysis on distancing proposes a taxonomy of the 

subordinate distancing tactics; the authors outline how distancing can be in the form of (1) space, 

(2) time, or (3) objectivity (Powers & LaBar, in press). In Study 1, I chose to investigate space 



SHAHANE   

 
 

21 

and time within one group and objectivity in the second group given prior work that has linked 

spatial and temporal aspects of distancing. In particular, previous research that separately 

manipulated spatial and temporal distance (Nook et al., 2017; Parkinson, Liu, & Wheatley, 2014) 

found evidence for “spillage” or “bleed over” between the two tactics; thus, the authors have 

argued that there is evidence that spatial and temporal distancing reflect a more common 

underlying core distancing construct (cf. Kross & Ayduk, 2016). Other research has also 

investigated spatial and temporal distance and found evidence of a common underlying construct 

for distancing (Doré, Ort, Braverman, & Ochsner, 2015). Therefore, while construal level theory 

posits that indeed there is a common distancing construct underlying all of spatial, temporal, and 

objective distancing (Trope & Liberman, 2010), for efficiency’s sake, in Study 1, I combined 

spatial and temporal distancing into one group to compare versus objective distancing. In Study 

1, while spatial / temporal and objective distancing did not result in significantly different 

reductions in self-reported negative affect nor significantly different degrees of linguistic 

distancing, the objective group did, indeed, have a greater number of significant correlations 

with positive health indicators than the spatial / temporal distance group, alluding to potentially 

different mechanisms underlying these tactics. Future work may continue to explore potentially 

divergent consequences, however, among spatial, temporal, and objective distancing separately. 

I was primarily interested in looking at relationships between linguistic distancing and 

negative affectivity, general health and well-being, and emotion regulation. In Study 1, individuals 

who implemented more linguistic distancing reported having lower perceived stress. Reductions 

in perceived stress have been reported as a function of receiving explicit longitudinal training in 

psychological distancing (Denny & Ochsner, 2014). The perceived stress measure used in Study 

1 has been shown to reliably predict depressive symptoms and vulnerability to depression in 



SHAHANE   

 
 

22 

otherwise healthy adults (Cohen et al., 1983; Hewitt, Flett, & Mosher, 1992), and thus the present 

work substantiates the relevance of linguistic distancing to clinically-meaningful health indicators, 

including perceived stress, self-reported depressive symptoms, and difficulties using emotion 

regulation.  

Study 1 also indexed general health including energy and vitality, emotional well-being, 

and social functioning. Previous literature supports the relationship between emotion regulation 

and vitality. For example, a study on 6,025 participants who completed the General Well-being 

schedule found that individuals with high levels of emotional vitality – a measure of energy, 

positive well-being, and effective emotion regulation – had lower risk of coronary heart disease 

relative to individuals with low levels of emotional vitality (Kubzansky & Thurston, 2007). Study 

1 elucidates connections between linguistic distancing and emotional well-being and builds upon 

prior work; for example, in one study, individuals who report using reappraisal frequently in their 

day-to-day life showed fewer depressive symptoms, more life satisfaction, more optimism, had 

better self-esteem, and higher levels of personal growth, self-acceptance, environmental mastery, 

and clear purpose in life (Gross & John, 2003). The present work extends some of these benefits 

to the degree of linguistic distancing in particular during appraisal of negative stimuli. In addition, 

Study 1 shows links between linguistic distancing and social functioning. Reappraisal has been 

shown to predict stronger social connections and favorable sociometric standing in college 

students (English et al., 2012). Thus, the present results, although correlational, suggest that 

linguistic distancing may play a role in fostering such psychological well-being and strong social 

relationships. 

2.1.4.3 Future Directions & Limitations. Overall, Study 1 may have implications in 

translational and clinical domains (Kross & Ayduk, 2017). The present results substantiate the idea 
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that language may be used as a target for efficacious psychotherapies. Although no significant 

differences in correlation strength between linguistic distancing and health indicators were found 

between the Objective and Far groups, intriguingly, there were more health indicators significantly 

associated with objective distancing relative to far distancing. It is important to note, however, that 

the difference between “significant” and “not significant” is not necessarily itself statistically 

significant (Gelman & Stern, 2006). While speculative given the lack of between-group 

differences, this may suggest that distancing using objective means (i.e., appraising negative 

situations as an objective, rational, impartial observer) may be more promising as a therapeutic 

“main ingredient” relative to distancing using modulations of perceived spatial and temporal 

distance, per se. Future work may continue to examine this possibility, as well as relevant 

individual difference factors that may predispose some individuals to be more receptive to one 

reappraisal sub-tactic relative to another. 

It is important to note that the present findings are correlational in nature. Hence, causality 

cannot be established by the current data; it could be that psychological distancing leads to better 

health outcomes, or it could be that better health leads to more effective use of distancing when 

language is manipulated to incorporate lexical shifts. Relatedly, future work may further 

investigate the correlates of linguistic distancing using additional sub-tactics, including separately 

examining spatial and temporal distancing. If individuals are trained to implement more linguistic 

distancing, they may show decreases in their perceived stress and increases in their general health 

over time. Consistent with this idea, Kross and colleagues suggest that individuals with major 

depression and social anxiety may benefit from linguistic distancing, as self-distancing strategies 

facilitate coping with distressing situations (Kross et al., 2014).  
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Indeed, psychological distancing is a cognitive reappraisal tactic with significant potential 

to be used in a therapeutic setting. For example, clinical trials for depression and PTSD indicate 

that practicing the ability to distance oneself is a flexible strategy that may be implemented in 

clinical practice (Ayduk & Kross, 2010; Kross & Ayduk, 2017). Therefore, language, and in 

particular language incorporating psychological distancing, may represent a particularly effective 

target for mental health interventions designed to foster adaptive emotion regulation.  

That said, as with any emotion regulation strategy, it will be crucial to investigate for whom 

and under which circumstances distancing may be most and least appropriate (Doré, Silvers, & 

Ochsner, 2016), and how to flexibly select when to implement distancing and/or other emotion 

regulation strategies (Gross, 2015b), which represents an important skill of its own and a key area 

of future study. 

Overall, the findings of Study 1 illustrate relationships among language, emotion regulation, 

and validated health indicators. Based on these results, future work may further examine whether 

and how, when implemented in an appropriate context, linguistic distancing manipulations may 

be an effective tool to foster adaptive health outcomes (Shahane & Denny, 2019). 
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2.2 Study 2: Can a Bayesian machine learning algorithm be developed to parse text, 

identify a linguistic signature of cognitive reappraisal, and predict health outcomes? 

 

2.2.1 Introduction 

The second study to address Aim 1 will center around the following question: can two 

algorithms be developed to identify and score objective language and spatially/temporally distant 

language (i.e., the two components of psychological distancing)? Study 2 outlines two Bayesian 

supervised machine learning algorithms that quantitatively assesses the degree to which text is 

objective and spatially/temporally distant. While other research groups in the field are starting to 

investigate psychological distancing versus other emotion regulation strategies, I am interested in 

the granular components of psychological distancing to understand how and why this strategy is 

so efficacious and versatile.  

The algorithms learned the scoring mechanism with human-coded training data (details 

outlined below). The algorithms implement Natural Language Processing (NLP), a text-mining 

machine learning method. Having this tool allows us to assess how objective or 

spatially/temporally distant an individual’s language is, and then be able to relate these scores to 

their health outcomes in the future (Figure 5), demonstrating how particular components of 

language-based psychological distancing are driving relationships with health indices. As outlined 

in Study 1, the linguistic distancing composite score in Study 1 can be used to capture a linguistic 

signature of psychological distancing on the whole. However, no algorithms exist to parcellate out 

key components of psychological distancing. Thus, Study 2 is novel in its ability to provide a tool 

to researchers everywhere, shared via a Github repository, to parcellate out between psychological 

distancing components not only using the five elements proposed by Pennebaker (first-person 
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singular pronouns, present-tense verbs, articles, discrepancy words, and words more than six 

letters), but also several components that clearly contribute to psychological distancing-oriented 

thought and language. Accordingly, these algorithms have clinical implications: in the future, one 

can run these algorithms to first identify and score components of psychological distancing (i.e., 

objectivity or spatial / temporal distance) and then see if these scores predict health indicators in 

several different population types (i.e., healthy, stressed, disordered). This would allow us to 

understand how granular psychological distancing differs via language across populations and how 

objective versus spatial / temporal distant language versus differs in predictiveness of health 

indicators across populations. 

Importantly, since objectivity and spatially/temporally distant language are not mutually 

exclusive, two different codes were created for each one. As a result, one can run text on both the 

objective and spatial / temporal distance scripts and compute scores for each dimension for each 

piece of text. 

2.2.2 Algorithm Functionality 

2.2.2.1 Training Data. The algorithms are trained on excerpts from various sources. One 

source was from a separate study similar to Study 1. Participants examined negative or neutral 

images and transcribed their thoughts and feelings for thirty seconds in response to each one. Then, 

human-coders rated these transcriptions on two dimensions: 1) objectivity and 2) spatial and 

temporal distance (1 indicates not very objective or spatially or temporally distant and 7 indicates 

extremely objective or spatially or temporally distant). Another source was human-coded ratings 

on the two aforementioned dimensions of To Kill a Mockingbird and Harry Potter and the Prisoner 

of Azkaban. Each sentence’s final objectivity score or spatial and temporal distance score was 

averaged over all the human-coded ratings.  
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2.2.2.2 Algorithm Framework. Both the objective and spatial / temporal distance 

algorithms build a bank of words. Then, each word is mapped to a numerical score based on 1) 

frequency of appearance through the training data, 2) matches to particular categories that are 

predetermined to contribute to a specific distancing strategy, and 3) the scores of the sentences 

with which it is associated.  

First, a part-of-speech tagger is used to tag each word’s part-of-speech to streamline word 

categorization into groups. Each part-of-speech fits into a category outlined below. In the chart 

below, I have outlined categories of interest by distancing strategy. (+) refers to a positively scored 

category. (-) refers to a negatively scored category. A grey cell indicates that the category is not of 

interest for that particular distancing strategy. 

Category Spatial / Temporal Distancing Objectivity 

Positive Space/Time +  

Negative Space/Time -  

Certainty  + 

Positive Space/Time Articles +  

Negative Space/Time Articles -  

Positive Objective Articles  + 

Negative Objective Articles  - 

Past Tense Verbs + - 

Present Tense Verbs - + 

Future Tense Verbs + - 

Discrepancy Words (Modals) - - 

First-Person Singular Pronouns - - 
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Words >6 Letters + + 

 

In the end, I have a word bank with corresponding scores for each word within each 

category. In the spatial / temporal distance algorithm, the score of a sentence is: 

∑(
𝑖𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦𝑊𝑒𝑖𝑔ℎ𝑡 ∗ 𝛴𝑠𝑐𝑜𝑟𝑒𝑖

𝑤

𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑤
) 

In the equation above, 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦𝑊𝑒𝑖𝑔ℎ𝑡 describes the computed multiplier for each word 

belonging to that particular category, 𝑠𝑐𝑜𝑟𝑒𝑖
𝑤 is the score of a word w at trial i, and 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑤 

represents the number of times word w occurs across the entire training set. The 𝛴𝑠𝑐𝑜𝑟𝑒𝑖
𝑤 divided 

by the number of occurrences (𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑤) is basically the average score for that particular 

word. Once you sum of the average scores of each word multiplied by its corresponding category 

weight, you get the score of the sentence. 

Specifically, when measuring objectivity, sentiment analysis is used to determine polarity 

and subjectivity at the word and sentence level. A word’s polarity and subjectivity scores are 

measures of how emotionally charged the word is along negative, neutral, and positive dimensions. 

A word’s polarity and subjectivity scores contribute to the word’s raw score in the algorithm (i.e., 

𝑠𝑐𝑜𝑟𝑒𝑖
𝑤). Thus, in the objective algorithm, the score of a sentence is: 

∑(
𝑖𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦𝑊𝑒𝑖𝑔ℎ𝑡 ∗ 𝛴𝑠𝑐𝑜𝑟𝑒𝑖

𝑤

𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑤
) ∗  𝑆𝑒𝑛𝑡𝑖𝑚𝑒𝑛𝑡𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 

A sentence’s polarity and subjectivity scores are measures of how emotionally charged the 

sentence’s words are collectively along negative, neutral, and positive dimensions. The objective 

script scales the raw score of the sentence currently being analyzed by the corresponding 
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dimension, adds the neutral dimension’s score, and subtracts the positive and negative dimension’s 

score as shown below to contribute to the final objectivity score produced by the algorithm. 

 

∑(
𝑖𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦𝑊𝑒𝑖𝑔ℎ𝑡 ∗ 𝛴𝑠𝑐𝑜𝑟𝑒𝑖

𝑤

𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑤
) = 𝑀 

 

𝑆𝑒𝑛𝑡𝑖𝑚𝑒𝑛𝑡𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 = 𝑀 + (𝑀 ∗ 𝑛𝑒𝑢𝑡𝑆𝑒𝑛𝑡𝑠) − (𝑀 ∗ |𝑝𝑜𝑠𝑛𝑒𝑔𝑆𝑒𝑛𝑡𝑠|) 

In the equation above, 𝑛𝑒𝑢𝑡𝑆𝑒𝑛𝑡𝑠 is the neutral sentiment score of the sentence s, and 

𝑝𝑜𝑠𝑛𝑒𝑔𝑆𝑒𝑛𝑡𝑠 is the positive and negative sentiment score of sentence s. The 𝑝𝑜𝑠𝑛𝑒𝑔𝑆𝑒𝑛𝑡𝑠  value is 

the difference between the positive and negative polarity. So, for instance, let us assume you have 

the sentence: 

“That was a great movie.”  

Subjectivity Polarity 

Neutral: 0.1 Positive: 0.9 

Polar: 0.9 Negative: 0.1 

Then, the Sentiment Analysis score is: = 𝑀 + (𝑀 ∗ 0.1) − (𝑀 ∗ |0.8|). Thus, it rewards the 

sentence for being neutral and punishes the sentence for being too polar. 

Leveraging the equations above, the two components of linguistic distancing can be 

computed. Using the weights and words obtained from training, the algorithms return a score after 

parsing a body of test text data, looking up the score for each individual word. In the case of novel 

words, a score can still be extrapolated by approximating the score of a novel word with the scores 

of semantically similar word. 
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2.2.3 Tools 

LIWC (Pennebaker et al., 2015) has been used extensively to categorize a word’s effect on 

the psychological state of a text. These studies mainly use LIWC as a sentiment classifier. Other 

tools, however, such as SentiStrength (Neppalli et. al., 2017) and ANEW (Affective Norms for 

English Words) (De Choudhury, Monroy-Hernández, and Mark, 2014), can be used sentiment 

analysis. 

The algorithms in Study 2 runs on spaCy, a Natural Language Processing Library built for 

Python, which is able to perform text processing in with large text samples. The spaCy platform 

was primarily built for performance and not research. Thus, its usefulness is not only in its speed, 

but also in its prepackaged and easy-to-use implementation of tokenization, part-of-speech 

tagging, lemmatization and stemming, and dependency parsing.  

For sentiment analysis and synonym detection, which are processes not automatically 

embedded in spaCy, the algorithm leverages the NLTK (Natural Language Toolkit). While less 

user-friendly than spaCy, NLTK is prominent in the field of Natural Language Processing for its 

flexibility and plethora of tools, providing multiple implementations for each process.  

2.2.4 Algorithm Performance 

2.2.4.1 Performance Assessment Approach. Once the algorithms have been trained on 

human-coded objective ratings of sentences and human-coded spatial / temporal distance ratings 

of sentences, test data can be entered. To compute the algorithm performance, participants rated 

sentences on two dimensions of psychological distancing of interest just like the training data: 1) 

objectivity and 2) spatial and temporal distance, with 1 indicating the that the sentence is not very 

objective or spatially or temporally distant and 7 indicating that the sentence is extremely objective 
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or spatially or temporally distant. However, instead of entering these as training data, I reserved 

these rated sentences to compare the human-coded scores to the algorithm-computed scores. 

 I entered these sentences as test data and then compared the human-coded ratings to those 

computed by the algorithm. I computed correlations between the human-coded ratings and 

algorithm scores to assess how predictive the algorithm is.  

2.2.4.2 Objective Algorithm Performance. One outlier—quantified as more than three 

IQRs from the hinges for the human-coded ratings and algorithm computed scores—was detected 

and therefore was excluded from the algorithm performance assessment. Figure 6 contains the 

density histograms of the human-coded ratings (M = 3.56, SD = 1.38, Range = 1.33 – 6.67) and 

algorithm computed scores (M = 0.76, SD = 0.75, Range = –0.66 – 2.90). The scale for the 

algorithm is different than the human-coded ratings because of the variable nature of the category 

weight, occurrence, and also because of the sentence-level sentiment analysis weight applied to 

the raw scores. There was a significant positive association between human-coded ratings and 

algorithm computed scores, r(122) =  .21, p = .019, 95% CI [.035, .372]. Next, I compared the 

human-coded ratings and algorithm computed scores to the test data’s composite linguistic 

distancing scores (i.e., the composite linguistic distancing metric used in Study 1) (Nook et al., 

2017; Pennebaker et al., 2015; Shahane & Denny, 2019). There was a significant positive 

correlation between human-coded objective ratings and linguistic distancing, r(122) =  .23, p = 

.009, 95% CI [.059, .392], but no significant correlation between algorithm computed scores and 

linguistic distancing, r(122) =  –.05, p = .58, 95% CI [–.224, .127]. 

2.2.4.3. Spatial / Temporal Distance Algorithm Performance. No outliers—quantified 

as more than three IQRs from the hinges—were present among the human-coded ratings or 

algorithm computed scores. Figure 7 contains the density histograms of the human-coded ratings 
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(M = 2.82, SD = 0.65, Range = 1.40 – 4.60) and algorithm computed scores (M = 0.98, SD = 1.00, 

Range = –0.81 – 3.83). The scale for the algorithm is different than the human-coded ratings 

because of the variable nature of the category weight and occurrence. There was a significant 

positive association between human-coded ratings and algorithm computed scores, r(123) =  .21, 

p = .022, 95% CI [.031, .368]. Next, I compared the human-coded ratings and algorithm computed 

scores to the test data’s composite linguistic distancing scores as done in 2.2.4.2 (Nook et al., 2017; 

Pennebaker et al., 2015; Shahane & Denny, 2019). There was a significant positive correlation 

between algorithm computed spatial / temporal distance scores and linguistic distancing, r(123) =  

.45, p < .001, 95% CI [.296, .578], but no significant correlation between human-coded spatial / 

temporal distance ratings and linguistic distancing, r(123) =  .12, p = .19, 95% CI [–.058, .289]. 

2.2.5 Discussion 

 Study 2 involved creating Bayesian supervised machine learning algorithms in Python to 

quantitatively assess to the degree to which text entered into the algorithms capture two 

components of psychological distancing: objectivity and spatial / temporal distance. The 

algorithms are predictive of objective or spatial / temporal distant language, as evidenced by the 

direct comparisons to the gold-standard—human-coded perceptions of objective and spatially / 

temporally distant data. Interestingly, the algorithm computed spatial / temporal distant scores 

correlated with the Pennebaker linguistic distancing composite metric, while the algorithm 

computed objective scores did not. Though speculative, this could be because the Pennebaker 

metric more easily captures tangible features of physical space and time versus abstract features 

associated with objectivity. Perhaps humans can more accurately capture the latter. Future work is 

needed to further investigate why this may be. Further refining of the algorithm can perhaps 
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eventually lead to significant relationships among Pennebaker linguistic distancing composite 

metrics and objective and spatial / temporal distance algorithm scores. 

 This approach is completely novel—no study before has developed algorithms for the 

specific purpose of parcellating out components of psychological distancing: objective language 

and spatial / temporal distant language. The linguistic distancing composite score used in Study 1 

examines a linguistic signature of psychological distancing on the whole—having individual 

indexes of the components can aid in understanding exactly which drivers of psychological 

distancing are associated with such positive health outcomes (Ayduk & Kross, 2010; Kross & 

Ayduk, 2017; Shahane & Denny, 2019). 

The algorithm implements Natural Language Processing (NLP), a text-mining machine 

learning method, and integrates several different platforms (i.e., spaCY, LIWC), to best compute 

a representation of the psychological state of a sentence. In both the objective and spatial / temporal 

distant algorithms, the use of multiple categories, rather than just five writing elements that track 

“verbal immediacy” as per Pennebaker and colleagues, creates a more holistic, convincing, and 

realistic score. Not only is the algorithm trained on sentences created by humans, but also the 

training sentences were also judged by humans. Importantly, the linguistic distancing composite 

score used in Study 1 creates the scores based on elements at the word level, whereas the algorithm 

outlined above in Study 2 takes both word and sentence-level features into account. The objective 

algorithm in particular uses sentiment analysis to analyze sentences in terms of polarity and 

subjectivity, which returns a value that is leveraged as a weight for the final objectivity score. 

Perhaps one of the most important things about Study 2 is that everything is available 

online on a Github repository. Thus, other researchers can also use the algorithm to investigate 

their questions of interest and probe the limitations and boundaries of the code. There are several 
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limitations to the existing code. First, it requires several dependencies, which is also a strength, 

since it integrates several different components within the existing NLP frameworks. Lastly, the 

correlation coefficients have room for improvement. The correlations are significant, which may 

be a product of the high N size and consequent degrees of freedom; however, the accuracy of the 

algorithm can be improved upon further. Going forward, I plan to use K-Fold Cross Validation, in 

which I split the data into k different subsets (i.e., also called folds), and use k-1 subsets to train 

the data and keep the final subset as the test data. While is method is not far from what I am doing 

now, K-Fold Cross Validation provides a stronger mechanism to test algorithm performance while 

reducing bias. In addition, I plan to train the algorithm to differentiate distancing from distraction 

or disengagement—two other emotion regulation strategies that are at risk for conflating with 

distancing. For example, one mechanism to do so would be to have human coders independently 

rate sentences in terms of 1) objectivity and 2) spatial / temporal distance, as they are doing now, 

and also in terms of 3) distraction or disengagement. If the human coders are differentiating, then 

in turn, the algorithm will learn the differentiation as well. This would also allow the objectivity 

and spatial / temporal distance ratings to have reduced noise (i.e., noise associated with potentially 

conflating emotion regulation strategies). 

There are several implications of this algorithm development. First, it may be used on its 

own to distinguish how objective or how spatially/temporally distant a block of text is. Next, it 

may be used to regress against health outcomes, to see how scores produced by the algorithm on 

either dimension relate to health outcomes. Specifically, one could see to what extent objective 

language is predictive of perceived stress or symptoms of depression relative to far away language, 

which was hinted at in Study 1. The algorithm in Study 2 would provide another way to investigate 

these relationships. Longitudinally, with objective and/or spatial / temporal distant writing 
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training, one could see how health indicators change over time, and if the writing training impacts 

physical and mental health. Lastly, Studies 1 and 2 have investigated written language. However, 

spoken language has not yet been analyzed with these specific tools. If participants spoke out loud 

and their recordings were then transcribed into text, one could investigate differences in written 

and spoken psychological distancing trainings with the algorithm—first to see if the extent to 

which objective and spatial / temporal distant language differs between the spoken versus written, 

and then to see if one or the other is more predictive of positive health outcomes (i.e., is objective 

spoken language or objective written language better?). In addition, one can use the algorithm as 

a tool to better understand clinical populations. After first identifying and scoring components of 

psychological distancing (i.e., objectivity or spatial / temporal distance), one can see if these scores 

predict health indicators in several different population types (i.e., healthy, stressed, disordered). 

This would allow one to understand how granular psychological distancing differs via language 

across populations and how objective versus spatial / temporal distant language versus differs in 

predictiveness of health indicators across populations. 
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SECTION 3 

Aim 2: Examine biological substrates of cognitive reappraisal and investigate how they 

relate to health indicators 

 

3.1 Study 3: Does cognitive reappraisal impact the relationship between heart rate 

variability and telomere length in CD8+CD28– cells? 

 

3.1.1 Introduction 

3.1.1.1 Overview. As discussed above, individuals who are better at regulating their 

emotions have better mental and physical health outcomes (Aldao et al., 2010; Florin et al., 1985; 

Greer & Watson, 1985; Shahane & Denny, 2019; Verzeletti et al., 2016). For example, poor 

emotion regulation is associated with increased risk for premature aging, cardiovascular disease, 

and cancer (Appleton et al., 2014; Berna et al., 2014; Conley, Bishop, & Anderson, 2016; Ebner 

& Fischer, 2014). Poor emotion regulation is also associated with shortened telomeres (Arenander 

et al., 2012). Telomeres are specific regions of DNA that form protective caps on the ends of 

chromosomes. Telomere length serves as a valuable prognostic biomarker of aging, general health, 

and disease susceptibility (Hornsby, 2007; Shammas, 2011). Accelerated telomere shortening is 

related to heart disease, diabetes, cancer, and osteoporosis (Shammas, 2011). 

People who have difficulty managing their emotions exhibit a differential stress response 

compared to individuals who have better emotional control (Gross, 1998). This differential stress 

response impacts the autonomic nervous system, which directs heartbeat, respiration, and digestion 

(McCorry, 2007). Specifically, the parasympathetic branch of the nervous system regulates both 

physical and emotional responses to stress. Individuals with greater heart rate variability (i.e., 



SHAHANE   

 
 

37 

HRV; the variation in time between heartbeats; Thayer et al., 2010) have greater inhibitory control 

over the heart, and thus are better able to physiologically and emotionally regulate during stressful 

experiences. Several studies demonstrated the positive relationship between HRV and emotion 

regulation (Mather and Thayer, 2018). Greater HRV is also associated other positive mental health 

outcomes including lower levels of anxiety (Chalmers et al., 2014) and depression (Agelink et al., 

2002).  

Multiple studies show a positive relationship between HRV and telomere length, but the 

mechanism explaining this relationship is unclear (Perseguini et al., 2015; Streltsova et al., 2017; 

Woody et al., 2017; Zalli et al., 2014). Given how emotion regulation has a strong bearing on 

current and future health, the association between HRV and telomere length may change as a 

function of emotion regulation.  

3.1.1.2 Cognitive Reappraisal and Heart Rate Variability. In Study 3, I focused my 

attention on our emotion regulatory strategy of interest, cognitive reappraisal (Gross, 1998a). To 

recap from above, cognitive reappraisal involves changing one’s appraisal of an aversive situation 

to make it feel less negative (Gross, 1998a; Gross & Thompson, 2007). I chose cognitive 

reappraisal because it is associated with several positive health outcomes (Appleton et al., 2014; 

Berna et al., 2014; Conley et al., 2016; Shahane et al., 2018; Shahane & Denny, 2019). For 

example, if one drives by a car crash, one could cognitively reappraise the situation by saying, 

“Medical help is on the way, insurance will help, no one is fatally hurt, and everything will be 

okay.” 

HRV enhances functional connectivity of emotion regulation brain networks, which 

improves complex goal-directed thoughts and emotional well-being (Mather & Thayer, 2018). For 

example, women who engaged in more cognitive reappraisal showed larger increases in HRV 
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relative to controls who did not regulate emotion (Butler, Wilhelm, & Gross, 2006). Further, 

individuals with high baseline HRV adopted reappraisal strategies more than those with low 

baseline HRV (Volokhov & Demaree, 2010). Thus, the relationship between cognitive reappraisal 

and HRV is reasonably well-characterized. However, reappraisal’s impact on the relationship 

between HRV and telomere length, is less apparent.  

3.1.1.3 Telomere Length and Heart Rate Variability. Telomeres prevent unnecessary 

recombination and nucleolytic degradation, preserving information in the genome (Hornsby, 2007; 

Shammas, 2011). Repeated cell divisions result in telomere shortening (Shammas, 2011), and cell 

division rates increase under stress (Ridout et al., 2016). Cells senesce when telomeres are 

shortened to a critical point. Telomere shortening in immune cells have implications for 

immunocompetence and inflammation (Cohen et al., 2013). Study 3 investigated telomere length 

in CD8+CD28– lymphocytes, which are of interest because they regulate host responses to 

infections (Cohen et al., 2013)1. Similar to the prognostic value of telomere length, greater HRV 

is indicative of well-being (Mather and Thayer, 2018). Men with shorter telomeres in leukocytes 

have blunted HRV in response to a stressor (Zalli et al., 2014), suggesting a potential disabling of 

their ability to emotionally regulate. Among older adults (>60 years of age), shorter telomeres in 

leukocytes are associated with lower HRV (Streltsova et al., 2017). Thus, the relationship between 

telomere length and HRV, which indexes vagus nerve activity within the autonomic nervous 

system (i.e., vagal tone), is relatively well established. Little research exists, however, on the 

relationship between lymphocyte telomere length and resting HRV (i.e., measured without the 

 
1 Specifically, cytotoxic T lymphocytes express CD8, which recognize antigens. Proteins on the antigen surface plug 

into receptor molecules called CD28 on the T cell surface (Sompayrac, 2016; Strioga et al., 2011). CD8+CD28– 

cells impair responsiveness of other immune cells serving as a regulatory function after repeated stimulation (Yarde 

et al., 2014). 



SHAHANE   

 
 

39 

impetus of an experimental stressor) in younger adults (<60 years of age), and on the influence of 

cognitive reappraisal on this relationship. 

HRV is associated with telomere length; however, the variance in this relationship may be 

explained by cognitive factors. Perhaps it has to do with what individuals do on a daily basis—

however, in order to know what people are doing, one must know what people are thinking. Thus, 

cognitive reappraisal—a measure of cognitive flexibility—may be an appropriate moderator to 

explain why HRV may have a relationship with telomere length in certain contexts. 

3.1.1.4 Telomere Length and Cognitive Reappraisal. Only one study has investigated 

the relationship between emotion regulation and telomere shortening. Telomerase is a 

ribonucleoprotein DNA polymerase complex that helps maintain the integrity of telomeres by 

adding nucleotides to them. Greater telomerase activity is beneficial, as it increases cell growth 

(Hornsby, 2007). Higher telomerase activity is associated with adaptive emotion regulation 

strategies (Arenander et al., 2012). This result, when viewed in the context of the prior literature 

on HRV as well as the sparseness of other literature examining relationships between emotion 

regulation and telomere length, motivated us to examine the interconnection among emotion 

regulation, HRV, and telomere length. 

3.1.1.5 Study 3 Objectives and Hypotheses. Study 3 aimed to investigate whether 

cognitive reappraisal associates with the relationship between telomere length and HRV. Neural 

correlates of emotion regulation affect amygdala-mediated autonomic activity and hypothalamic-

pituitary-adrenal axis activity, which regulate affect, cardiovagal output, and stress responses, 

thereby improving immune functioning (Fagundes and Way, 2014, Thayer and Lane, 2000). 

Accordingly, I theorized that cognitive reappraisal affects parasympathetic neurons innervating 

the heart via the vagus nerve, therefore strengthening immune functioning. I expected that higher 
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HRV would be significantly associated with longer telomeres. I hypothesized a positive 

association between HRV and telomere length and that one’s propensity to use reappraisal should 

modulate the relationship between HRV and telomere length, such that those with frequent 

cognitive reappraisal would exhibit a stronger positive relationship between telomere length and 

HRV, compared to those with less frequent reappraisal. 

3.1.2 Method 

 

3.1.2.1 Participants. I used data from the Pittsburgh Common Cold Study 3. These data 

were collected by the Laboratory for the Study of Stress, Immunity, and Disease (2016) at Carnegie 

Mellon University (Principal Investigator: Dr. Sheldon Cohen, Ph.D.). Data were downloaded at 

www.commoncoldproject.com. Participants were recruited by newspaper advertisements to 

participate in a study examining the causes of the common cold. Each participant received $1,000 

compensation. The Carnegie Mellon University and University of Pittsburgh human subjects 

review boards approved all methods and all participants provided informed consent. Participants 

were 213 healthy individuals in Pittsburgh, Pennsylvania (42% female; age range: 18 – 55 years; 

race: 69% White, 23% Black/African-American, 1% Native American, 3% Asian, 2% Hispanic, 

2% Other). Of the 213 total participants, 144 participants had CD8+CD28– telomere length data. 

Of the 144 participants with CD8+CD28– telomere length data, 137 participants had average 

baseline HRV data. Thus, the analyses were on the final sample of 137 participants. There were 

no significant differences in age, sex, or race/ethnicity between those who had telomere length 

measured versus those who did not. 

3.1.2.2 Measures. To assess cognitive reappraisal, participants completed the Emotion 

Regulation Questionnaire (ERQ; Gross & John, 2003), which is a 10-item self-report measure 

assessing how frequently participants report regulating their emotions via reappraisal and 

http://www.commoncoldproject.com/
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expressive suppression rated on a 7-point Likert scale from 1 (Strongly disagree) to 7 (Strongly 

agree). The ERQ yields two separate summed scores for cognitive reappraisal and expressive 

suppression (Cronbach’s 𝛼 = .79). Example items include, “I control my emotions by changing 

the way I think about the situation I’m in.” or “When I am feeling negative emotions, I make sure 

not to express them.” 

HRV was assessed with electrocardiogram (EKG) data. A stress reactivity protocol 

assessed HRV in five-minute epochs: four epochs during baseline, one epoch during the stress 

task, and three during post-task recovery. Average HRV values were computed across the four 

baseline epochs. The stress task and post-task HRV data were irrelevant for the aims of Study 3. 

Interbeat interval (IBI) sequences were extracted from EKG signals using an automated IBI 

extraction algorithm (Mindware Technologies, LTD Version 2.51). The sampling frequency was 

250 Hz, as per Task Force recommendations (Malik, 1996). Extracted IBI records were inspected 

for artifacts and edited manually. High- and low-frequency power were estimated by spectral 

analysis of IBIs using a Fast Fourier transform algorithm (Duhamel & Vetterli, 1990). High-

frequency band power was computed as a sum of the powers corresponding to peaks centered in 

the range of 0.12 Hz to 0.40 Hz. Low-frequency band power was computed similarly in the range 

of 0.04 Hz to 0.12 Hz. Very low-frequency band power was computed in the range of 0.003 Hz to 

0.04 Hz. High-, low-, and very low-frequency as well as the low to high-frequency ratio was 

computed for each epoch automatically by the Mindware analysis software. 

Telomere length in leukocytes (CD8+CD28–) was assessed in whole blood and collected 

into three 15 milliliter heparinized tubes by standard venipuncture. Lymphocyte subpopulations 

were separated from whole blood using the RoboSepTM automated cell separator (STEMCELLTM 

Technologies). CD8+ cells were separated using the RosetteSep® Human CD8 T Cell Enrichment 
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Cocktail (15063) and CD28– cells were separated using the EasySep® Human PE Positive 

Selection Kit (18551) (Cohen et al., 2013). Standard curves and dilution factors for telomere (T) 

and single-copy gene (S) were calculated using Applied Biosystems SDS software to calculate a 

T:S ratio (O’Callaghan, Dhillon, Thomas, & Fenech, 2008). All samples were run in duplicate and 

replicate values were averaged to determine a final T:S ratio (Murdock et al., 2018). Higher T:S 

ratios signify longer telomere length (Kroenke et al., 2011). 

I included the following in the model as a priori covariates or fixed factors: age, sex, body 

mass index, race, education, employment, smoking status, alcohol consumption, and exercise 

(Fagundes et al., 2012; Murdock et al., 2018). 

3.1.2.3 Procedure. Following a screening telephone interview, participants completed an 

in-person physical health evaluation by a study physician. Participants completed the ERQ in 

addition to demographic and basic health-relevant questionnaires.  

Participants completed an acute stress-reactivity task, in which baseline HRV was 

evaluated before the stress task (the HRV collected during the stress task was irrelevant to the aims 

of Study 3). Participants had three EKG leads on their chest using a modified lead II configuration 

(one at the right mid-clavicular line directly below the clavicle and one at the left and right lower 

margins of the ribcage in line with the midpoints of the left and right clavicles. HRV was evaluated 

four times (i.e., in four epochs) via IBI root mean square successive differences (RMSSD) during 

the baseline resting period prior to starting the stress-reactivity task, the latter of which was 

irrelevant to Study 3. 

 Fifteen milliliter samples of whole blood were collected by standard venipuncture into 

three heparinized collection tubes for the telomere assay at baseline. 



SHAHANE   

 
 

43 

3.1.2.4 Data Analysis. I first conducted zero-order correlations among the variables of 

interest (telomere length in CD8+CD28– cells, HRV, and cognitive reappraisal) and then 

investigated each of the pairwise relationships controlling for covariates. To test our moderation 

hypotheses, I examined the effect of cognitive reappraisal on the relationship between telomere 

length in CD8+CD28– cells and HRV using a general linear model (the gamlj:gamljGLM function) 

in the jamovi software package (Jamovi Project, 2018). CD8+CD28– cell telomere length was 

entered as the outcome variable, and cognitive reappraisal frequency, the average HRV of the four 

baseline epochs, and the product term of the two (cognitive reappraisal × HRV) were entered as 

the predictor variables of interest. All continuous predictor variables were mean-centered in the 

general linear model because centering provides clean within-subjects effects. Centering makes 

sense to do for continuous variables when one are interested in knowing the relative position of an 

individual to the group. Age, sex, body mass index, race, education, employment, smoking status, 

alcohol consumption, and exercise were included as a priori covariates or fixed factors. I 

conducted simple slope analyses to further probe any moderation effects. As ancillary analyses, I 

tested whether expressive suppression, the other subscale of the ERQ, also associates with the 

relationship between telomere length and HRV. Please see Appendix B: Supplemental Materials 

for Study 3 for these analyses. I also tested if the main variables of interest were significantly 

associated with age. Lastly, as exploratory analyses, I tested if other cell types including CD4 cells, 

CD19 cells, CD8+CD28+ cells, and PBML cells also exhibited similar findings. Please see 

Appendix B: Supplemental Materials for Study 3 for these analyses. 

3.1.3 Results 

3.1.3.1 Descriptive Statistics. Table 2 contains descriptive statistics for all variables. 

Levene’s test for homogeneity of variance indicates no violations (p = .47). There were no outliers, 



SHAHANE   

 
 

44 

which were quantitatively defined as more than three interquartile ranges from the hinges of a 

standard boxplot on all three predictor variables of interest (Howell, 2012).  

3.1.3.2 Zero-Order Correlations. Table 3 has correlations of the continuous study 

variables of interest. Zero-order correlations of the continuous variables of interest were computed. 

In support of my first hypothesis, there was a significant positive correlation between CD8+CD28– 

telomere length and HRV, r(135) = .19, p = .024, 95% CI [.026, .350]. This finding is not 

significant (p = .41) when adjusted for in the general linear model described below (e.g., when 

taking body mass index, sex, and age into account). There was no significant zero-order correlation 

between CD8+CD28– telomere length and cognitive reappraisal frequency, r(135) = .01, p = .88, 

95% CI [–.152, .175]. When controlling for covariates, the relationship between CD8+CD28– 

telomere length and cognitive reappraisal frequency remained non-significant (p = .86). There was 

no significant zero-order correlation between cognitive reappraisal frequency and HRV, r(135) = 

–.04, p = .61, 95% CI [–.18, .11]. When controlling for covariates, the relationship between 

cognitive reappraisal frequency and HRV remained non-significant (p = .46). 

3.1.3.3 Moderation Analyses. Overall, the model I specified explained 10% of the 

variance in CD8+CD28– telomere length (F(26, 110) = 1.58, p = .055). While cognitive 

reappraisal frequency was analyzed continuously in the general linear model, for visualization and 

post-hoc analysis purposes, reappraisal was defined as high reappraisal frequency (i.e., at least one 

standard deviation above the mean; N = 26), average reappraisal frequency (i.e., between one 

standard deviation below the mean and one standard deviation above the mean; N = 89), and low 

reappraisal frequency (i.e., at least one standard deviation below the mean; N = 22). There were 

no significant differences in age among the three groups, F(2, 134) = 1.68, MSE = 121, p = .19. 

There were no main effects of reappraisal frequency or HRV on telomere length in CD8+CD28– 
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cells in the general linear model. The interaction between reappraisal frequency and HRV to 

predict telomere length in CD8+CD28– cells was significant, t(110) = 2.12, b = –4.2e–4, p = .036, 

as seen in Figure 9. Table 4 contains estimates from the general linear model. 

3.1.3.4 Simple Slope Analyses. To further probe the interaction, I ran simple slope 

analyses, which revealed that the slope of the regression line for individuals with high reappraisal 

frequency was significantly greater than zero (i.e., with greater HRV being significantly associated 

with longer telomeres), t(25) = 2.16, b = 0.003, p = .033. The slope of the regression line for 

individuals with low reappraisal frequency was nonsignificant, t(21) = 1.23, b = –0.002, p = .22. 

The slope of the regression line for individuals with average reappraisal frequency was 

nonsignificant,  t(88) = 0.61, b = 6.4e–4, p = .54.  

Importantly, however, there was a significant difference in the slopes of the regression lines 

for low and high reappraisal frequency participants, t(44) = 2.37, p = .022. There were no 

significant differences between the slopes of the average reappraisers and high reappraisers, nor 

between those of the average reappraisers and low reappraisers. 

As an ancillary analysis, I substituted expressive suppression for cognitive reappraisal. 

There were no significant findings (p = .48). I also investigated if the main variables of interest 

(telomere length in CD8+CD28– cells, heart rate variability, and cognitive reappraisal frequency) 

exhibited significant correlations with age. I found a significant zero-order correlation between 

telomere length in CD8+CD28– cells and age, r(135) = –.19, p = .023, 95% CI [–.342, –.026], and 

a significant zero-order correlation between heart rate variability and age, r(135) = –.25, p < .001, 

95% CI [–.377, –.111]. There was no significant relationship between cognitive reappraisal 

frequency and age (p = .20). 

3.1.4 Discussion 
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3.1.4.1. Summary of Results. The relationship between HRV and telomere length in 

CD8+CD28– cells varied depending on how frequently participants reported using cognitive 

reappraisal. Specifically, those who used cognitive reappraisal more frequently (one standard 

deviation above the mean) exhibited the expected significant positive relationship between greater 

HRV and longer telomeres in CD8+CD28– cells; individuals who used cognitive reappraisal the 

least (one standard deviation below the mean) did not exhibit the expected positive correlation 

between telomere length and HRV. Thus, being a frequent cognitive reappraiser appears to be 

protective in this context.  

 As expected, there was a positive zero-order correlation between telomere length in 

CD8+CD28– cells and HRV across all subjects. This finding builds upon prior work relating 

shorter telomeres in leukocytes to low HRV (Streltsova et al., 2017). In the context of stressors, 

shorter telomeres in buccal cells are associated with greater reductions in HRV and men with 

shorter telomeres in leukocytes have blunted HRV (Woody et al., 2017; Zalli et al., 2014). In 

addition, research in kindergarten children found that while heart rate and cortisol reactivity were 

inversely related to buccal telomere length, HRV reactivity was unrelated to buccal telomere 

length (Kroenke et al., 2011). However, rather than in the context of a stressor, I assessed the extent 

to which cognitive reappraisal moderated the relationship between telomere length in 

CD8+CD28– cells and HRV at resting state. Thus, while the Study 3’s findings build upon prior 

work, they are also novel, as this is the first study to explicitly show a relationship between baseline 

HRV and telomere length in CD8+CD28– cells among younger adults (below 60 years of age). 

This finding, however, is not significant when controlling for covariates. Further, in contrast to 

prior work, I did not find a significant relationship between cognitive reappraisal frequency and 

heart rate variability in this data set. 
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The measures used to index telomere length in CD8+CD28– cells, HRV, and cognitive 

reappraisal in Study 3 are reliable. Telomere shortening in immune cells have implications for 

immunocompetence, inflammation, and antibody responses to vaccines (Cohen et al., 2013). CD8 

T cells are cytolytic cells, which specifically kill damaged or infected cells (Cohen et al., 2013). 

The coupling of CD8+ and CD28+ activates cytokine release, while the coupling of CD8+ and 

CD28– serves as a regulatory function (commonly referred to as Treg) to impair responsiveness of 

other immune cells after several rounds of stimulation. CD8+CD28− cells modulate antigen-

presenting cells by enhancing expression of inhibitory receptors (Yarde et al., 2014). Thus, 

CD8+CD28– were of particular interest in the current study due to their role in regulating infection 

responses (Cohen et al., 2013). Notably, CD8+CD28− cells are not only aging cells but also 

imperative regulatory T cells (i.e., as a host response to infection) that play a role in cancer, chronic 

intracellular infections, and chronic pulmonary and autoimmune diseases (Chen et al., 2018; 

Cohen et al., 2013; Strioga et al., 2011). Furthermore, HRV, which indexes the heart and brain 

interaction, was indexed with RMSSD, which quantifies beat-to-beat variance and estimates 

vagally mediated changes in HRV (Shaffer and Ginsberg, 2017). Each individual’s HRV measure 

was calculated from the average of four five-minute long epochs, which is beyond the 

recommended and standard convention of one five-minute long epoch; thus, this is a reliable 

measure of HRV. Lastly, the measure used for cognitive reappraisal has been validated in a large 

volume of studies showing that it is indeed a reliable marker of cognitive reappraisal frequency 

and health-relevant behavior (Gross, 2013; Gross and John, 2003; Shahane and Denny, 2019).  

3.1.4.2 Impact and Proposed Mechanism. The relationships among these variables are 

important for several reasons. First, while there are a myriad of studies showing interrelations 

among the parameters of interest in Study 3, no study has specifically shown the influence of 
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cognitive reappraisal frequency (as indexed by the ERQ) on the relationship between telomere 

length and RMSSD in this specific subset of lymphocytes. These two particular physiological 

markers are strongly associated with the aging process (Perseguini et al., 2015; Shammas, 2011); 

thus, Study 3 implicates cognitive reappraisal, an indicator of cognitive flexibility, as a protective 

factor against morbidity and mortality. However, the exact mechanism by which telomere length 

and HRV are related remain unclear (Woody et al., 2017). Study 3 suggests that there are likely 

several contributing factors which are multifactorial processes defining aging driving the 

relationship between telomere length and HRV, including but not limited to cognitive reappraisal 

frequency. Other potential contributing factors include environmental and psychosocial factors, 

such as work-life balance, social support, positive affect, diet, and exercise (Shammas, 2011). 

While telomere shortening and low HRV have been implicated in aging, poor general health, 

morbidity, and mortality—Study 3 confirms that how we regulate emotion today (i.e., emotion 

regulation habits) may have a powerful bearing on current and future health outcomes. 

 A possible mechanism that may explain Study 3’s findings is that emotion regulation 

engages functional connectivity of the amygdala and medial prefrontal cortex (Sakaki et al., 2016). 

Low functional connectivity of these regions may yield low amplitude oscillations in the heart, 

and may, therefore, be associated with decreased HRV and dysregulated  vagal tone. Disrupted 

neurofeedback loops between the parasympathetic nervous system and the brain may impact 

neuro-immune interactions. For example, there may be excessive inflammation by altering activity 

of macrophages and other cytokine-producing cells (Lopez, Denny & Fagundes, 2018). Excessive 

activation of and/or dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, a system 

connecting the adrenal gland located at the top of each kidney to the brain, yields greater cortisol 

excretion and lower HRV (Thayer et al., 2006). Telomere shortening in immune cells specifically 
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is related to increased inflammation and elevated levels of cortisol (Eitan et al., 2014). Thus, the 

interactions of cognitive control tendencies (e.g., reappraisal frequency) with cardiac function, 

immunology, and endocrinology may explain the correlational effects in Study 3. Lopez, Denny, 

and Fagundes (2018) propose a neuro-immuno-affective framework that outlines how emotion 

regulation targets in the brain (i.e., ventrolateral, dorsolateral, and ventromedial PFC) effect 

changes in autonomic activity via the amygdala and changes in HPA axis activity via the 

hypothalamus directly regulating affect, cardiovagal output, and stress responses, thereby 

improving immune system function. Although the findings in Study 3 are correlational, Lopez and 

colleagues’ proposed framework may explain the mechanisms underlying Study 3’s findings—

increased PFC and hypothalamic activity while regulating emotions (i.e., which is associated 

cognitive reappraisal frequency) may affect parasympathetic neurons which innervate the heart via 

the stellate ganglia and vagus nerve (Thayer and Lane, 2000) and therefore strengthened immune 

functioning (Fagundes and Way, 2014). The additional aspect that is not explicitly outlined in the 

model but relevant to Study 3, however, is how immune system activity, including but not limited 

to inflammation and stress, impacts telomerase activity and therefore telomere length in 

lymphocytes. 

3.1.4.3 Future Directions and Limitations. Despite the well-powered nature of Study 3, 

there are a few limitations. The present findings are correlational; hence, causality cannot be 

established by the current data. Future experimental work should further examine these 

relationships by providing participants training in reappraisal longitudinally to examine changes 

in telomere length and HRV from baseline to post-training. Consistent with the hypothesis of a 

causal role for cognitive reappraisal in promoting positive health outcomes and reducing stress 

(Appleton et al., 2014; Shahane et al., 2018; Shahane and Denny, 2019), longitudinal training in 
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reappraisal has been shown to reduce perceived stress over time (Denny and Ochsner, 2014), which 

may in tandem promote positive physiological health outcomes as well. Additionally, the present 

work may translate into clinical domains. Cognitive reappraisal has the potential to be used in 

therapeutic settings. Clinical trials for depression indicate cognitive reappraisal should be 

implemented into clinical practice (Troy et al., 2010). With any emotion regulation strategy, 

however, investigating for whom and under what circumstances reappraisal may be maladaptive 

and how to flexibly determine when to implement reappraisal is an important skill of its own and 

future direction (Doré et al., 2016). In addition, using telomere length as a biomarker has resulted 

in controversial conclusions—specifically, telomere structure depends on genetics, epigenetics, 

and the environment, which may be present in variable extents depending on the conditions 

(Danese and Lippi, 2018). Furthermore, CD8+CD28− are also functionally heterogeneous and the 

characteristics may range from enhanced cytotoxic abilities to immune regulation promotion (Mou 

et al., 2014). Thus, the pattern of effects should also be investigated in alternative biomarkers, such 

as C-reactive protein (Pepys and Hirschfield, 2003). Future research should not only investigate 

telomere length in various cell types (i.e., CD4, CD19, CD8+CD28−, and CD8+CD28+), but also 

investigate inflammation of cytokines (i.e., interleukin-6, 8, TNF-𝛼), natural killer cells, and their 

corresponding pathways longitudinally while also indexing cognitive reappraisal frequency (and 

other psychological indices of emotion regulation efficacy) and heart rate variability to fully 

understand the psychoneuroendocrine mechanisms underlying the current findings. For example, 

Fagundes and colleagues have outlined a theoretical model showing the relationships among 

hormones, natural killer cells, macrophages, T cells, and stress (Fagundes et al., 2017), and stress 

is related to emotion regulation (Richardson, 2017). Stress may induce chronically high cortisol, 

which can sometimes lead to glucocorticoid insensitivity and cause inflammation. Cortisol can 
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downregulate immune system functioning, suppressing T cell, natural killer cell, and macrophage 

activity. Thus, in the context of Study 3, perhaps emotion regulation is helping preserve vagal 

activity, thereby promoting acetylcholine release, which is anti-inflammatory. Perhaps this 

stabilizes cortisol and helps maintain the integrity of immune cells and immune cell functioning. 

In addition, some may suggest that this is simply variability in the aging process, as evidence also 

suggests that CD8+CD28− concentration declines with age and reflects replicative senescence 

(shortening of telomeres) (Fagnoni et al., 1996; Vallejo, 2005). 

Study 3 indicates that cognitive reappraisal associates with the relationship between 

telomere length and HRV; future work should unveil how and why this pattern exists. Additionally, 

I am operating under the assumption that cognitive reappraisal frequency is a proxy for cognitive 

reappraisal ability. Those who implement cognitive reappraisal more frequently have shown 

evidence of being better at cognitive reappraisal since they are naturally incorporating it more into 

their daily life (Gross and John, 2003). In addition, future work should explore whether these 

patterns are consistent in non-immune cells (i.e., buccal cells). Further, Study 3 included a largely 

non-Hispanic White sample; thus, future studies should investigate these associations in more 

diverse samples. 

 In conclusion, I demonstrated how the relationship between HRV and telomere length 

changes as a function of cognitive reappraisal frequency, such that individuals with high cognitive 

reappraisal frequency have a strong positive association between HRV and telomere length. The 

findings shed light on how cognitive reappraisal frequency affects two clinically-meaningful 

biomarkers of general health and longevity. 
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3.2 Study 4: Do neural correlates of cognitive reappraisal impact the relationship between 

perceived stress during exposure to negative stimuli and attention deficits? 

 

3.2.1 Introduction 

3.2.1.1 Implicit Cognitive Reappraisal. In addition to cognitive reappraisal’s 

chromosomal and autonomic impact, cognitive reappraisal engagement exhibits brain activity in 

regions associated with affective processing (e.g., amygdala; Buhle et al., 2013; Ochsner, Silvers, 

& Buhle, 2012; Denny & Ochsner, in press). While regulation may often be thought of as an 

explicit, conscious decision to change how one feels, emotion regulation may be engaged 

implicitly and habitually (Braunstein, Gross, & Ochsner, 2017; Gross, 2015a; Gyurak, Gross, & 

Etkin, 2011). Automatic or unintended emotion regulation can arise from implicit activation of 

higher-order, regulatory goals and does not require conscious awareness or attention to the emotion 

regulation process as it unfolds (Koole & Rothermund, 2011; Mauss, Bunge, & Gross, 2007; Wang 

et al., 2017). Implicit cognitive reappraisal involves changing one’s appraisal of a negatively-

valenced stimulus without conscious awareness of this process (Wang et al., 2017). Furthermore, 

implicit emotion regulation research has suggested that an individual’s stress response is directly 

related to their non-conscious processing and regulation of emotions (Gyurak et al., 2011). In 

addition, research shows that it can be as effective as explicit reappraisal since it is less cognitively 

taxing and that it is critical for well-being, since high demand for moment-to-moment regulation 

in everyday life is inefficient (Gyurak et al., 2011). In one study, nonconscious cognitive 

reappraisal resulted in decreases in emotion-related physiological activity during frustration 

(Yuan, Ding, Liu, & Yang, 2015). Neurobiological mechanisms underlying implicit reappraisal in 

the context of aversive stimuli include activation in the dorsomedial prefrontal cortex, the 
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dorsolateral prefrontal cortex, and ventrolateral prefrontal cortex (Burklund, Creswell, Irwin, & 

Lieberman, 2014). In addition, another study (Drabant, McRae, Manuck, Hariri, & Gross, 2009) 

found that among individuals who report reappraisal as their preferred emotion regulatory strategy, 

prefrontal areas implicated in cognitive control, including reappraisal, are engaged more when 

simply viewing negatively-valenced faces—in the absence of any explicit goal to regulate. 

Neuroimaging studies over the last decade have identified reliable, whole-brain correlates 

of explicit cognitive reappraisal of negative stimuli. For example, a meta-analysis of 48 

neuroimaging reappraisal studies found that reappraisal consistently activated cognitive control 

regions and the lateral temporal cortex, but not the ventromedial prefrontal cortex, and modulated 

bilateral amygdalae. This meta-analysis suggests that reappraisal involves cognitive control to 

modify semantic representations of emotionally-rich stimuli, which in turn weaken amygdala 

activity (Buhle et al., 2013). 

This fourth study examines the extent to which individuals spontaneously express this same 

reappraisal pattern indexing explicit, instructed regulation, but in the context of an emotional 

processing task with threat-signalling stimuli during which emotions may be regulated implicitly. 

Specifically, I estimated correspondence between Buhle and colleagues’ (2013) meta-analytic 

reappraisal map and whole-brain patterns of activity during a task involving perceptual processing 

of negative facial expressions that has been used previously (Drabant et al., 2009; Hariri, Tessitore, 

Mattay, Fera, & Weinberger, 2002). In doing so, I took a system-based approach, as some have 

recently argued that emotion regulatory capacities may be better captured by the coordination of 

whole-brain systems that support regulatory processes (e.g., the entire reappraisal implementation 

pattern), rather than discrete regions acting alone (Barrett & Satpute, 2013). 
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3.2.1.2. Emotion Regulation and Inattention. One risk factor or preceding condition 

where emotion regulation may be especially helpful is inattention/distractibility (i.e., people with 

more inattention problems are likely to attend to various stimuli in the environment that may be 

distressing, including social stimuli). Indeed, those with inattention problems are at higher risk of 

stress (Friedrichs, Igl, Larsson, & Larsson, 2012; Lackschewitz, Hüther, & Kröner-Herwig, 2008; 

Nigg, 2006; Nigg et al., 2002). Thus, more inattention signals a greater need to regulate. For 

example, individuals with attentional problems exhibit more difficulties coping with stress than 

control participants (Wender, 1995). Inattention problems related to Attention Deficit 

Hyperactivity Disorder2 (ADHD) are associated with comorbid anxiety, depression, and 

interpersonal relationship problems (Biederman, Newcorn, & Sprich, 1991; Friedrichs et al., 2012; 

Young, 2005); these comorbidities are also related to greater vulnerability to stress and poor coping 

skills (Bayram & Bilgel, 2008; Birk, Rogers, Shahane, & Urry, 2018; Connor-Smith & Compas, 

2004). High propensity toward negative affect, which is associated with amygdala and cingulate 

cortex reactivity to threat or stress, is also seen as a marker for inattentive-related ADHD when in 

an elevated range (Nigg, 2006).  

Adults with concentration difficulties, failure to give close attention, and ease of being 

distracted tend to show more vulnerability to daily life stressors (Lackschewitz et al., 2008). 

Perceived stress, the degree to which situations in one’s life are appraised as stressful (Cohen, 

Kamarck, & Mermelstein, 1983), has been shown to negatively impact both physical health 

(Cohen, Tyrrell, & Smith, 1991; Nielsen, Kristensen, Schnohr, & Grønbæk, 2008; Stowell, 

Kiecolt-Glaser, & Glaser, 2001) and emotional well-being (Kraines, 1964; Racic et al., 2017; 

 
2 A neurodevelopmental condition characterized by chronic inattention and/or hyperactivity-impulsivity affecting 

1.2 – 7.3% adults worldwide (American Psychiatric Association, 2013; ADHD Institute, 2017). Symptoms of 

ADHD concentration difficulties, failure to give close attention, and ease of being distracted. 
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Watson, 1988). Individual differences in perceived stress are relevant in clinical as well as non-

clinical domains. Even among healthy adults, perceived stress is associated with physical 

symptomology including headaches, back aches, and stomach acidity, as well as depressive 

symptomology (Cohen et al., 1983); further, stress is associated with increased risk for 

cardiovascular disease, respiratory diseases, as well as cancer mortality (Nielsen et al., 2008). 

Depending on the context and individual, cognitive reappraisal has proven to be an 

adaptive emotion regulation strategy when one is faced with a distressing situation, such that those 

individuals with a higher propensity to engage in cognitive reappraisal are better at managing their 

stress than those with a relatively lower propensity (Gross, 1998a; Southwick, Litz, Charney, & 

Friedman, 2011). In an early study that demonstrated this effect, individuals reported diminished 

negative affect and distress when engaging in cognitive reappraisal during an emotionally 

disturbing video—compared to viewing the video naturally (Gross, 1998a). Several studies have 

since then confirmed that individuals who reappraise more often experience less negative affect in 

emotion-eliciting situations thereby exhibiting positive effects in health over time (Dandoy & 

Goldstein, 1990; Gross & John, 2003; Mauss, Cook, Cheng, & Gross, 2007). Consequently, 

implementing cognitive reappraisal strategies during highly stressful contexts may be protective 

against impaired functioning (Troy et al., 2010). One reason why Study 4 focuses on implicit 

cognitive reappraisal processes is because implicit processes have shown to be less costly to one’s 

cognitive resources in reducing one’s physiological response to a stressful situation relative to 

explicit reappraisal (Wang et al., 2017). Therefore, for individuals who suffer from inattention-

related cognitive deficits, the ability to implicitly engage in cognitive reappraisal may be adaptive 

and a potential marker of an individual’s emotional resilience. 
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Furthermore, although little work has specifically explored the relationship between 

cognitive reappraisal and inattention in non-clinical populations, several studies have looked at 

how attention influences emotional processes. Posner and Rothbart posit that attention allows one 

to carry out cognitive and emotional computations and control levels of distress (Posner & 

Rothbart, 1998). Attention problems dictate subsequent affective experience (Wadlinger & 

Isaacowitz, 2011), and attentional load may alter responses to emotional stimuli (Viviani, 2013). 

Consequently, regions associated with attention and explicit emotion regulation overlap (Ochsner 

& Gross, 2008; Ochsner et al., 2012). Individuals with excessive inattention problems, such as 

those with ADHD, demonstrate emotion dysregulation, which has shown to arise from deficits in 

recognizing and allocating attention to emotional stimuli (Shaw, Stringaris, Nigg, & Leibenluft, 

2014). 

Attention deficits could be either a cause or consequence of poor implicit or explicit 

emotion regulation ability, as well as a cause or consequence of perceived stress. Individuals with 

high inattention may use maladaptive emotion regulation strategies in the context of stressful 

situations (Young, 2005). Alternatively, individuals who are highly distractible cannot focus their 

attention on the stimulus, which may be causing them emotional distress to begin with; thus, the 

ability to regulate is thwarted from the get-go. That said, those with high distractibility who can 

cognitively regulate, even implicitly, may fare better. As such, reappraisal, even when engaged in 

the brain implicitly, may play a key role in moderating the relationship between 

inattention/distractibility and stress. Although a growing body of evidence is beginning to coalesce 

around the impact of cognitive control-related brain activity on cognitive processes affecting 

mental health (Yu-Feng et al., 2007), the question of whether brain patterns that correspond to 

explicit cognitive reappraisal during an implicit emotion regulation context moderate the 
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relationship between inattention and perceived stress is less clear and therefore motivated the 

current study. 

Specifically, I was interested in understanding the role of implicit cognitive reappraisal, as 

indexed by whole-brain3 patterns of activity that have been reliably associated with reappraisal 

implementation (Buhle et al., 2013), on the relationship between self-reported inattention problems 

and perceived stress in the context of appraising negative stimuli with no explicit instructions to 

regulate emotion (Figure 10). A similar approach has been leveraged in a recent study investigating 

how cognitive reappraisal ability (measured behaviorally) moderates the relationship between 

stress and depressive symptoms, such that at high levels of stress, women with high cognitive 

reappraisal ability exhibited less depressive symptoms than those with low cognitive reappraisal 

ability (Troy et al., 2010). Previous research investigating automatic emotion regulation has 

typically been exposure-based. Notably, recent research has identified shared neural mechanisms 

supporting explicit and implicit cognitive reappraisal. Specifically, overlapping regions of the PFC 

are recruited to reduce amygdala activation in both explicit and implicit regulation contexts 

(Burklund et al., 2014; Payer, Baicy, Lieberman, & London, 2012; Wang et al., 2017). Despite 

experiential differences, these findings suggest that intentional and incidental forms of emotion 

regulation may converge on a common neurocognitive pathway, bolstering the approach proposed 

in Study 4. Convergence of explicit and implicit processes is common in other cognitive domains. 

For example, implicit and explicit learning and memory are also subject to similar encoding factors 

and rely on similar perceptual processes (Turk-Browne, Yi, & Chun, 2006).  

 
3 The whole-brain pattern maps were thresholded (Z = 2) to reduce the influence of potentially noisy and spurious 

voxel data in the whole-brain pattern. 
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3.2.1.3 Study 4 Objectives and Hypotheses. In this second study supporting my second 

aim, participants were instructed to either match a negatively-valenced (angry or fearful) target 

face with two other faces (presented at the bottom of the screen) or match a shape (Hariri et al., 

2002). I surmised that the task in this fourth study engages implicit cognitive reappraisal since it 

is similar to other implicit emotion regulation tasks with regard to eliciting negative appraisals 

(Cohen, Moyal, Lichtenstein-Vidne, & Henik, 2016; Strauss, Ossenfort, & Whearty, 2016; Wang 

et al., 2017). As such, in Study 4, results reflecting greater correspondence between activity during 

the face matching task and the reappraisal meta-analytic map are consistent with greater implicit 

expression of cognitive reappraisal. 

In addition, perceived stress was chosen as the primary outcome, as non-conscious 

processing and regulation of emotions is directly related to stress response (Gyurak et al., 2011), 

and since the exposure to negative stimuli (i.e., angry or fearful faces) is stress-inducing (Thoern, 

Grueschow, Ehlert, Ruff, & Kleim, 2016). As a manipulation check of negative affect engagement 

during the face matching task, I assessed correspondence between patterns of brain activity during 

the face matching task and a validated whole-brain signature of negative affect appraisal (i.e., the 

Picture Induced Negative Emotion Signature (PINES); Chang, Gianaros, Manuck, Krishnan, & 

Wager, 2015).  

I hypothesized that inattention problems will be a risk factor for increased perceived stress, 

while one’s spontaneous propensity to express patterns of cognitive reappraisal—as indexed by 

correspondence (i.e., the extent to which their brain activity during implicit emotion regulation 

engaged explicit reappraisal regions) with a reliable whole-brain2 pattern of reappraisal—should 

moderate the relationship between inattention and perceived stress. Importantly, I hypothesized 

this is because attention abilities, perceived stress, and automatic reappraisal all necessitate some 
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degree of cognitive control (Compton, Hofheimer, & Kazinka, 2013; McEwen, 2007; Wu, 

Dufford, Mackie, Egan, & Fan, 2016), and thus, underlying neural activity may further 

characterize the relationship among these variables. 

3.2.2 Method 

3.2.2.1 Participants. Study 4 analyzed publicly available data from the Washington 

University – University of Minnesota Consortium Human Connectome Project (HCP) database 

(Van Essen et al., 2013). Participants were healthy young adults and from a range of races and 

ethnicities in the United States with no documented history of mental or physical illness. 1,045 

participants completed the emotion processing task (see below for more details). I employed two 

exclusion criteria: (1) to account for motion-related artefacts during the functional runs, I 

excluded any participant who exhibited excessive motion, defined as 2 mm translation and/or 2 

degrees of rotation; and/or (2) I excluded any participants who performed the matching task with 

less than 90% accuracy. These two criteria eliminated 66 participants. Additionally, to remove 

dependencies in the data and ensure the assumption of independence was met for our statistical 

analyses, I only analyzed one person per family, causing elimination of 612 participants. Two 

additional participants were excluded due to missing data. The final sample consisted of 365 

participants (190 Females; Mage = 28.6 years, Range = 22 – 36 years). 

3.2.2.2 Measures. Participants completed the NIH Toolbox Cognition Battery for adults 

(Heaton et al., 2014). This included the Perceived Stress Scale (Cohen et al., 1983), which is a 

10-item self-report measure assessing the participants perceived stress and feelings over the 

course of the past month, rated on a 5-point scale from 1 (Never) to 5 (Very Often). Example 

items include, “How often have you been able to control irritations in your life? or “How often 

have you felt difficulties were piling up so high that you could not overcome them?” 
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Participants also completed the DSM-oriented scale from the Achenbach System of 

Empirically Based Assessment (ASEBA; Achenbach, 2013), which is based on DSM-IV criteria 

of inattention symptoms within attention deficit/hyperactivity problems. These criteria include 

forgetfulness, inability to concentrate, inability to finish a task, inability to maintain organization, 

inability to keep track of details, poor work performance, and prone to losing items. Importantly, 

DSM-oriented scales are not meant to identify DSM disorders, but rather indicate proneness for 

that individual to develop the disorder and/or symptoms of the disorder (Achenbach, Bernstein, & 

Dumenci, 2005). 

Participants completed an emotion processing task in which they were presented with blocks 

of trials in which they were instructed to either match a target face with two other faces (presented 

at the bottom of the screen) or match a shape (Hariri et al., 2002). All of the faces were negatively-

valenced, depicting angry or fearful expressions, thereby presenting participants with negative, 

threat/distress-inducing stimuli that could implicitly activate emotion regulation processes such as 

reappraisal. Importantly, this procedure did not consist of any explicit instructions or demand 

characteristics to direct participants to regulate their emotional states in response to stimuli. There 

were six trials in one block. Each block was preceded by a 3000-ms task cue (“face” or “shape”). 

Each stimulus was presented for 2000 ms with a 1000-ms intertrial interval. Consequently, each 

block was 21 seconds inclusive of the cue. Each run contained three face blocks and three shape 

blocks, and 8 seconds of fixation at the end of each run (Hariri et al., 2002). 

3.2.2.3 Image Collection and Feature Selection. All imaging data were collected and pre-

processed as a part of the HCP. All scanning was performed using a customized Siemens 3T 

“Connectome Skyra” scanner, which had a 32-channel head coil and 100 mT/m gradient coil. Task 

fMRI data were procured and processed through the HCP pipelines to generate data aligned to the 
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32 k surface mesh (Glasser et al., 2013). Functional data were pre-processed through the Minimal 

Pre-processing Pipeline (MPP; Glasser et al., 2013), which consisted of gradient unwarping, 

motion correction, EPI field distortion correction, registration into MNI space, and intensity 

normalization. Task fMRI data were analyzed using the FMRIB Software Library (FSL) to 

generate subject-specific, whole-brain contrast maps reflecting relative activity when participants 

were matching faces compared to matching shapes with no emotional content or valence (i.e., 

horizontally or vertically oriented ovals).  

Buhle and colleagues’ (2013) whole-brain reappraisal meta-analytic map was procured by 

contacting the meta-analysis authors and included the posterior dorsomedial prefrontal cortex, 

bilateral dorsolateral prefrontal cortex, ventrolateral prefrontal cortex, and posterior parietal lobe 

(Figure 11). To reduce the influence of potentially noisy and spurious voxel data in the whole-

brain pattern map, I applied a lower bound threshold of Z = 24. Each voxel in the map had an 

associated z-value indexing its importance and consistency in activation across studies of cognitive 

reappraisal. I estimated each participant’s correlation between their whole-brain pattern during the 

face-matching task (i.e., relative activity for matching faces versus matching shapes) and the 

cognitive reappraisal effect size map using AFNI’s 3ddot tool to assess the extent to which their 

brain activity during implicit emotion regulation engaged explicit reappraisal regions. Specifically, 

I used the “3ddot -docor” function to compute the correlation coefficients for each participant. 

This resulted in one correlation coefficient per participant (i.e., Reappraisal Correspondence Score 

[RCS]) that was entered in subsequent subject-level regression analyses.  

 
4 Exploratory analyses were conducted using the whole-brain pattern map with 1) no thresholding, 2) thresholding at 

Z = 2, and 3) thresholding at Z = 3.7, as per the original meta-analysis by Buhle et al., 2013. 
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Finally, to test the moderation hypotheses, the effect of explicit reappraisal brain pattern 

expression on the relationship between inattention problems and perceived stress during implicit 

emotion regulation was examined using a general linear model in the jamovi software package 

(Jamovi Project, 2018). Perceived stress (calculated as a sum; Cohen et al., 1983) was entered as 

the outcome variable, and inattention score (also calculated as a sum; Achenbach et al., 2005), 

each individual’s correlation of reappraisal brain pattern expression (RCS), and the interaction of 

the two were entered as the independent variables. All continuous predictor variables were mean-

centered in the general linear model. Age and gender were included as covariates of no interest5. 

A bias-corrected and accelerated bootstrap procedure with 10,000 re-samplings was used to 

compute confidence intervals of the interaction effect (Fox & Weisberg, 2011). 

I tested additional exploratory models including inattention as the dependent variable, and 

RCS and perceived stress as the independent variables, as well as RCS as the dependent variable, 

with perceived stress and inattention as the independent variables. I also tested mediation 

relationships among the three variables. Further, I investigated whether a region-of-interest (ROI) 

approach would yield equivalent results as the RCS approach. The dorsolateral prefrontal cortex 

was the primary ROI investigated given its robust activation in the successful regulation of 

emotions, including when participants engage in cognitive reappraisal (Buhle et al., 2013; 

Hermann, Bieber, Keck, Vaitl, & Stark, 2014; Nelson et al., 2015; Ochsner & Gross, 2005; 

Ochsner, Silvers, & Buhle, 2012). Lastly, as a manipulation check, I investigated the extent to 

which patterns of brain activity consistent with negative affect appraisal, including the left and 

right amygdala and the Picture Induced Negative Emotion Signature (PINES; Chang, Gianaros, 

Manuck, Krishnan, & Wager, 2015), were engaged during Match Faces versus Match Shapes in 

 
5 Effects of interest do not change if age and gender are included or excluded from the model. 
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the task in Study 4. Please see Appendix C: Supplemental Materials for Study 4 for details on these 

manipulation checks. In these supplemental analyses, I also substituted the RCS in the general 

linear model with the recruitment of the left amygdala, right amygdala, and PINES pattern 

expression, respectively. 

3.2.3 Results 

3.2.3.1 Manipulation Check. First, as a manipulation check, I found that overall, 

participants showed significantly more expression of the whole-brain reappraisal signature when 

matching negative faces versus shapes, t(364) = 9.84, p < .001, d = 0.52. RCS scores were 

approximately normally distributed6 (M = 0.15, SD = 0.29, Range = –.65 to .69). Further, 

participants overall showed significantly more expression of the PINES when matching negative 

faces versus shapes, t(364) = 63.04, p < .001, d = 3.30. Please see Appendix C: Supplemental 

Materials for Study 4 for additional manipulation checks. 

3.2.3.2 Moderation Analyses. I next tested a general linear model including perceived 

stress as the dependent variable; inattention score, each individual’s RCS, and the interaction of 

the two were included as the independent variables, with all independent variables were 

centered. Age and gender were included as covariates in the model. Multicollinearity between 

the independent variables was low, as there was no correlation between reappraisal brain 

recruitment and inattention (p = .53). Further and importantly, there were no outliers, which were 

quantitatively defined as more than three interquartile ranges from the hinges (Howell, 2012). 

Overall, the model I specified explained 14.3% of the variance in perceived stress scores 

(R2 = .14, F(5, 359) = 11.97, p < .001). While RCS was analyzed continuously in the general linear 

 
6 I also ran a model with transformed RCS scores (using Fisher’s r-to-z transformation). There were negligible 

differences in the model using the raw RCS scores versus the transformed values. 
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model, for visualization and post-hoc analysis purposes, reappraisal recruitment was defined as 

low RCS (i.e., at least one standard deviation below the mean; N = 66), average RCS (i.e., between 

one standard deviation below the mean and one standard deviation above the mean; N = 230), and 

high RCS (i.e., at least one standard deviation above the mean; N = 69). Overall, there was a 

significant positive relationship between inattention problems and perceived stress, t(364) = 7.05, 

b = 1.48, p < .001 (see Table 5 and Figure 11)7. In addition, while there was no main effect of RCS 

on perceived stress, the interaction between reappraisal expression and inattention was significant, 

t(364) = 2.19, b = –1.58, p = .029 (95% bootstrapped CI with 10,000 iterations: –3.05, –0.06).  

3.2.3.3 Johnson-Neyman Analyses. To unpack the interaction effect, I first examined the 

impact of RCS in predicting perceived stress at various levels of inattention. At low levels of 

inattention (i.e., at least one standard deviation below the mean for inattention), there were no 

significant differences in perceived stress among the three reappraisal expression groups (i.e., low, 

average, and high RCS). To estimate the value of inattention scores at which significant differences 

in RCS emerged, I implemented the Johnson–Neyman Technique (Johnson & Neyman, 1936). 

This revealed that differences in perceived stress among different reappraisal pattern recruiters 

(low, average, and high) emerged for individuals with high inattention scores ≥ 6.55 (total range8 

= –3.32, 7.68). 

 
7 When the whole-brain map was unthresholded, the model I specified explained 14.5% of the variance in perceived 

stress scores (R2 = .15, F(5, 359) = 12.19, p < .001). The interaction between reappraisal pattern expression and 

inattention was significant, t(364) = 2.39, b = –2.63, p = .017. When the whole-brain map was thresholded at Z = 3.7 

(Buhle et al., 2013), the model I specified explained 14.0% of the variance in perceived stress scores (R2 = .14, F(5, 

359) = 11.71, p < .001). The interaction between reappraisal pattern expression and inattention was marginally 

significant t(364) = 1.91, b = –1.15 p = .057. The threshold of Z = 2 was chosen to decrease noise associated with 

the unthresholded meta-analytic map and include additional, variably-weighted voxels relative to the Z = 3.7 map, 

which may carry meaningful information about the distributed nature of reappraisal-related processes across 

disparate, non-contiguous voxels in the brain. 
8 Inattention scores were centered. 
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3.2.3.4 Simple Slope Analyses. To further investigate the interaction, I ran simple slope 

analyses, which revealed that the slope of the regression line for individuals with low RCS was 

significantly greater than zero (i.e., with greater inattention being significantly associated with 

greater perceived stress), t(65) = 6.29, b = 1.94, p < .001. The slope of the regression line for 

individuals with average and high RCS was also significant in the same direction (i.e., t(229) = 

7.05, b = 1.48, p < .001, for average RCS; and t(68) = 3.58, b = 1.02, p < .001, for high RCS). 

Importantly, however, there was a significant difference in the slopes of the regression lines for 

low and high RCS participants, t(131) = 2.19, p = .030. Consequently, the rate of change of 

perceived stress with inattention problems is higher for low implicit reappraisers than high implicit 

reappraisers, as seen in Figure 12 (i.e., with evidence of a greater buffering effect for greater 

implicit reappraisal recruitment). There were no significant differences between the slopes of the 

average implicit reappraisers and high implicit reappraisers, nor between those of the average 

implicit reappraisers and low implicit reappraisers. 

3.2.3.5 Exploratory Bidirectionality Tests. The exploratory analyses revealed no effect 

when inattention was the dependent variable, and RCS and perceived stress were the independent 

variables. Similarly, there was no effect when RCS was entered into the model as the dependent 

variable, with perceived stress and inattention as the independent variables. Mediated relationships 

among the three variables also did not reveal any significant indirect effects. 

3.2.3.6 Region-Of-Interest Analyses. I explored whether a ROI analysis of the 

dorsolateral prefrontal cortex (DLPFC) would yield results consistent with the RCS approach. I 

independently defined a ROI in the right DLPFC using a 6-mm spherical mask centered on peak 

MNI coordinates X = 42, Y = 21, Z = 45 from the Buhle et al. (2013) meta-analysis. The model I 

specified (with perceived stress as the dependent variable, inattention scores and DLPFC ROI 
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values per participant as the independent variables, and controlling for age and gender (as per the 

original analyses)) explained 13.2% of the variance in perceived stress scores. The interaction 

between DLPFC activity and inattention was not significant b = .38, 95% CI [–1.32, 2.08], p = .66. 

3.2.4 Discussion 

 

3.2.4.1 Summary of Results. First, participants, on average, showed significant 

recruitment of the RCS when matching negative face stimuli (versus matching shapes), which may 

be indicative of a greater need for implicit emotion regulation. Study 4 found that the effect of 

inattention on perceived stress varied at different levels of participants’ spontaneous engagement 

of the neural mechanisms supporting cognitive reappraisal; specifically, individuals with greater 

brain activity associated with reappraisal are able to attenuate the association between inattention 

and perceived stress when engaging in a simple perceptual negative emotion processing task. To 

test our hypotheses, I assessed the extent to which spontaneous expression of brain regions 

associated with cognitive reappraisal moderated the relationship between inattention and perceived 

stress during appraisal of negative stimuli without explicit instructions to regulate emotion.  

Unsurprisingly, there was a strong positive relationship between inattention and perceived 

stress. This finding builds upon prior work; for example, individuals with attentional problems 

exhibit more problems coping with stress than individuals without attentional problems (Wender, 

1995), and in Swedish twins, attention deficits were positively associated with increased risk of 

stressful life events (Friedrichs et al., 2012). In addition, the perceived stress measure used in Study 

4 has been shown to reliably predict and/or reflect stress in normative populations (Kupst et al., 

2015). 

I conducted simple slope analyses, which revealed that individuals who have low 

reappraisal expression tended, on average, to report higher levels of perceived stress with 
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inattention problems, while individuals with high reappraisal expression had lower increases in 

perceived stress with inattention problems, indicating a buffering effect of reappraisal on the 

inattention and perceived stress relationship. The slope of the high reappraisal recruiters was 

significantly different from that of the low reappraisal recruiters. Thus, Study 4 suggests that 

during implicit emotion regulation, individuals with greater engagement of brain regions 

associated with implementing reappraisal are able to attenuate or reduce (i.e., buffer) the link 

between perceived stress and inattention. Further, the analysis comparing the RCS approach to the 

standard ROI approach of the DLPFC suggests that taking a thresholded, whole-brain, distributed 

processing approach may be more reflective of spontaneous reappraisal patterns in an implicit 

emotion regulation context. After probing the interaction further to identify the inattention score 

threshold at which reappraisal differences emerge, I found that implicit reappraisal matters most 

for individuals with higher attention deficits.  

It is important to note that I am inferring that expression of the (explicit) reappraisal 

network (Buhle et al., 2013) is indicative of some level of implicit emotion regulation processing, 

consistent with prior work on overlapping mechanisms between implicit and explicit emotion 

regulation (Burklund et al., 2014; Payer et al., 2012; Wang et al., 2017), although this inference 

should be interpreted cautiously. A majority of the literature relates greater PFC activation during 

emotion regulation to greater emotion regulation efficacy (Goldin, McRae, Ramel, & Gross, 2008; 

Kim & Hamann, 2007; Ochsner et al., 2012; Wager, Davidson, Hughes, Lindquist, & Ochsner, 

2008), even when the goal to regulate is implicit and people are not instructed to do so (Braunstein 

et al., 2017). Proceeding with this assumption, reappraisal brain region expression may “pump the 

breaks” on the relationship between attention deficits and perceived stress in Study 4. Indeed, in 

the eating domain, the extent to which dieters spontaneously recruited ventrolateral PFC during 
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exposure to appetizing food cues was associated with better self-regulatory outcomes (Lopez, 

Milyavskaya, Hofmann, & Heatherton, 2016).  

3.2.4.2 Links to Previous Research. Further, Study 4 provides insight into dependencies 

between reappraisal, poor coping and stress, as well as cognitive and behavioral issues like 

attention deficits. Whereas previous research has elucidated linkages among inattention and stress, 

explicit reappraisal region recruitment and stress (Troy, 2015), as well as explicit reappraisal 

region recruitment and attention (Ochsner & Gross, 2008; Ochsner et al., 2012), Study 4 provides 

preliminary evidence that reappraisal expression influences perceived stress and inattention, even 

when measured unobtrusively and in the absence of any explicit instruction to regulate. While 

experientially, explicit and implicit reappraisal are distinct, neurobiologically, mechanistic overlap 

between implicit and explicit emotion regulation has been observed (Burklund et al., 2014; Payer 

et al., 2012; Wang et al., 2017). However, future work should investigate if a specific whole-brain 

pattern map of implicit reappraisal also yields similar results. Further, it is important to note that 

our approach relies on a voxelwise functional correspondence across individual brains. Although 

the HCP minimal preprocessing is well-validated and provides state-of-the-art anatomical 

normalization, future work may explore how functional normalization methods (e.g., 

hyperalignment) may improve functional correspondence across individuals (Guntupalli et al., 

2018; Haxby et al., 2011). 

3.2.4.3 Future Directions and Limitations. Overall, it is important to note that the present 

findings are correlational in nature. Hence, causality cannot be established by the current data. In 

particular, it is unclear if reappraisal-related regions are engaged because of implicit cognitive 

reappraisal or because of overlapping mechanisms involved in perceived stress and attention. In 

addition, a potential limitation of the study is that we, nor most researchers studying implicit 
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processes, can only infer that the face and shape matching task elicited implicit cognitive 

reappraisal. Future experimental work may examine these relationships further by providing 

training to participants in explicit emotion regulation and then  measuring subsequent implicit 

regulatory patterns and their effects on perceived stress as a function of individual differences in 

attention. Consistent with the hypothesis of a causal role for spontaneous reappraisal in reducing 

stress, longitudinal explicit training in reappraisal (particularly psychological distancing) has been 

shown to become more implicitly implementable over time and lead to longitudinal reductions in 

perceived stress (Denny & Ochsner, 2014).  

Further, the present work may have implications in translational and clinical domains. As 

alluded to above, markers of cognitive reappraisal are also markers of mental health, and thus may 

potentially be used as a target for future therapies. Given how the present research substantiates 

potentially overlapping neural correlates of explicit reappraisal and implicit regulation, attention 

deficits, and perceived stress, future work may causally relate reappraisal activity to inattention 

and perceived stress directly. Indeed, cognitive reappraisal has potential to be used in therapeutic 

settings. For example, clinical trials for depression and ADHD indicate that practicing cognitive 

reappraisal is an adaptive, flexible strategy that should be implemented into clinical practice (Troy 

et al., 2010; Young, 2005). Reappraisal may represent a possible target for mental health 

interventions designed to foster adaptive emotion regulation. That said, as with any emotion 

regulation strategy, it is important to investigate for whom and under which circumstances 

reappraisal may be counter-productive (Doré et al., 2016), and how to flexibly select when to 

implement distancing and/or other emotion regulation strategies (Gross, 2015b), which represents 

an important skill of its own and an important avenue of future study. 
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In summary, the findings of Study 4 revealed relationships among implicit emotion 

regulation, inattention, and perceived stress. Future work may continue to probe whether 

spontaneous reappraisal, as measured by functional brain imaging, may represent a clinically-

relevant biomarker of emotional health outcomes. 
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SECTION 5: Tables 

 
Table 1. Correlations of Linguistic Distancing Metric Collapsed Across Psychological Distancing Groups and Within 

Each Group 

Health Indicator 

Group 

Collapsed Across 

Objective and Far 

N = 63 

Objective 

N = 32 

Far 

N = 31 

Negative Affectivity (Composite) r = -.301* 

95% CI [-0.511, -0.057] 

p = .017 

 

r = -.450* 

95% CI [-0.690, -0.120] 

p = .010 

r = -.200 

95% CI [-0.518, 0.166] 

p = .281 

Depression Symptoms r = -.266* 

95% CI [-0.482, -0.019] 

p = .035 

  

r = -.442* 

95% CI [-0.685, -0.111] 

p = .011 

r = -.124 

95% CI [-0.458, 0.241] 

p = .887 

Perceived Stress  r = -.311* 

95% CI [-0.518, -0.068] 

p = .013  

r = -.427* 

95% CI [-0.675, -0.092] 

p = .015 

r = -.252 

95% CI [-0.557, 0.112] 

p = .171 

    

General Well-Being  (Composite) r = .276* 

95% CI [0.030, 0.490] 

p = .029 

  

r = .414* 

95% CI [0.076, 0.667] 

p = .018 

r = .175 

95% CI [-0.191, 0.499] 

p = .345 

Energy and Vitality r = .232† 

95% CI [-0.016, 0.454] 

p = .066 

  

r = .352* 

95% CI [0.004, 0.624] 

p = .048 

r = .176 

95% CI [-0.190, 0.499] 

p = .343 

Emotional Well-Being r = .291* 

95% CI [0.046, 0.502] 

p = .021 

  

r = .411* 

95% CI [0.073, 0.665] 

p = .019 

r = .172 

95% CI [-0.194, 0.496] 

p = .354 

Social Functioning r = .194 

95% CI [-0.056, 0.422] 

p = .127 

r = .355* 

95% CI [0.007, 0.626] 

p =.046 

r = .087 

95% CI [-0.275, 0.428] 

p = .640 

    

Emotion Regulation  (Composite) r = .326* 

95% CI [0.085, 0.531]  

p = .009 

  

r = .250 

95% CI [-0.108, 0.551] 

p = .168 

r = .440* 

95% CI [0.101, 0.687] 

p = .013 

Reappraisal Frequency r = .272* 

95% CI [0.026, 0.487] 

p = .031 

  

r = .108 

95% CI [-0.250, 0.440] 

p = .556 

r = .454* 

95% CI [0.118, 0.696] 

p = .010 

Difficulties in Emotion Regulation r = -.287* 

95% CI [-0.500, -0.043] 

p = .022 

r = -.315† 

95% CI [-0.598, 0.038] 

p = .079 

r = -.309† 

95% CI [-0.598, 0.051] 

p = .091 

Note. *indicates significance at the .05 level (2-tailed), †indicates marginal significance at the .10 level (2-tailed). 

For the Objective and Far groups, the linguistic distancing metric was calculated by subtracting the Look Negative 

linguistic distancing score from the Change Negative linguistic distancing score. 
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Table 2. Descriptive statistics for all variables included in model 

Variable (N = 137) Mean (SD) 

CD8+CD28– Telomere Length (T:S Ratio) 0.587 (0.27) 

Heart Rate Variability (RMSSD) 58.3 (23.9) 

Reappraisal Frequency Score 28.9 (6.78) 

Age (Years) 30.5 (11.1) 

Body Mass Index 26.7 (5.79) 

Employment (Hours) 10.4 (18.4) 

  Frequency or Median 

Sex (% Female) 42% 

Education (Median Years) 15 

Smoking Status (% Yes) 31% 

Exercise (% Yes) 85% 

Race (% White) 69% 

Alcohol Consumption (Median Days per Week) 0 

Note. CD8+CD28– T:S ratio was the relative ratio of telomere repeat copy number to single-copy gene copy 

number. HRV was indexed with the average of four baseline root mean square successive differences (RMSSD). 

Reappraisal frequency was derived from the cognitive reappraisal frequency score on the ERQ. Age quantified in 

years. Body mass index measured body fat based on height and weight as per standard National Institute of Health 

guidelines. Employment was quantified by the number of fulltime hours worked. Sex quantified by male versus 

female frequency. Education quantified in years. Smoking status measured whether the participant is a current 

smoker. Exercise measured whether the participant engages in regular exercise at least once a week. Race quantified 

by asking participants how they racially identified. Alcohol consumption quantified by number of days alcohol 

consumed per week (weekdays and weekends). 
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Table 3. Correlations of continuous study variables of interest 

    

Cognitive 

Reappraisal 

CD8+CD28-  

Telomere Length 

HRV 

(RMSSD) 

Cognitive Reappraisal r — 0.012 -0.037 

 p — .89 .61 

 Upper CI — 0.18 0.11 

 Lower CI — -0.15 -0.18 

CD8+CD28- Telomere Length r 
 

— 0.193* 

 p 
 

— .024 

 Upper CI 
 

— 0.35 

 Lower CI 
 

— 0.03 

HRV (RMSSD) r 
  

— 

 p 
  

— 

 Upper CI 
  

— 

  Lower CI     — 

Note. N = 137. * p < .05. r refers to Pearson's r, p refers to p-value, upper CI refers to 95% upper confidence 

interval, lower CI refers to 95% lower confidence interval. 
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Table 4. Estimates from general linear model    

  

Sum of 

Squares df 

Mean 

Square F p η² ω² 

Model 2.696 26 0.104 1.58 0.055 0.272 0.099 

Sex 0.100 1 0.100 1.52 0.22 0.010 0.003 

Age 0.115 1 0.115 1.75 0.189 0.012 0.005 

Reappraisal Frequency 0.003 1 0.003 0.05 0.819 0.000 -0.006 

HRV (RMSSD) 0.026 1 0.026 0.39 0.533 0.003 -0.004 

Education 0.700 6 0.117 1.77 0.111 0.070 0.031 

Smoking Status 0.326 1 0.326 4.96 0.028 0.033 0.026 

Body Mass Index 0.048 1 0.048 0.74 0.392 0.005 -0.002 

Exercise 0.097 1 0.097 1.48 0.226 0.010 0.003 

Employment 0.141 1 0.141 2.15 0.145 0.014 0.008 

Race 0.264 5 0.053 0.80 0.551 0.027 -0.007 

Alcohol Consumption 0.254 6 0.042 0.64 0.695 0.026 -0.014 

Reappraisal Frequency*HRV 0.296 1 0.296 4.50 0.036 0.030 0.023 

Residuals 7.231 110 0.066         

Note. N = 137. R-squared= 0.272 , adjusted R-squared= 0.10. df refers to degrees of freedom, F refers to F statistic, 

p refers to p-value, η² refers to eta-squared, ω² refers to omega-squared.  
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Table 5. Parameter estimates from multiple regression model predicting perceived stress scores 

Predictor Estimate t p η² ω² 

RCS 0.30 0.18 .86 0.000 -0.002 

Inattention 1.48 7.05 <.001** 0.119 0.116 

Gender† –1.52 3.11 .002* 0.023 0.021 

Age 0.06 0.47 .64 0.001 -0.002 

RCS*Inattention –1.58 2.19 .029* 0.011 0.009 

R2 without interaction = 0.131 

R2 with interaction = 0.143 

ΔR2 = 0.012 

     

Note. *Significant at the .05 level; **Significant at the .001 level. †Overall, females (M = 50.5, SE = 0.67) had more 

perceived stress than males (M = 47.3, SE = 0.70). N = 365. 
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SECTION 6: Figures 

 

 
 

Figure 1. The proposed model for Study 1—investigating if a linguistic signature relates to negative affectivity 

(symptoms of depression and perceived stress), general well-being (emotional well-being, energy and vitality, 

and social functioning), and emotion regulation (difficulties in emotion regulation and reappraisal frequency). 
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Figure 2. Schematic of the Reappraisal Task. 
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Figure 3. Linguistic Distancing composite metric within each trial type within each group. Error bars represent 

± one standard error. 
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Figure 4. Collapsing across the psychological distancing groups, there was a significant association between the 

linguistic distancing composite metric and (A) perceived stress (r(61) = –.31, p = .013), (B) symptoms of 

depression (r(61) = –.27, p = .035), (C) emotional well-being, (r(61) = .29, p = .021), and (D) difficulties in 

emotion regulation, (r(61) = –.29, p = .022). 
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Figure 5. The proposed model for Study 2—investigating if a Bayesian supervised machine learning algorithm 

can be developed to identify aspects of cognitive reappraisal via language (objective language and spatial or 

temporally far away language) and understand if such language relates to health indicators. 
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Figure 6. Objective algorithm performance: A significant positive association between human-coded ratings 

and algorithm computed scores, r(122) =  .21, p = .019, 95% CI [.035, .372]. 
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Figure 7. Far algorithm performance: A significant positive association between human-coded ratings and 

algorithm computed scores, r(123) =  .21, p = .022, 95% CI [.031, .368]. 
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Figure 8. The proposed model for Study 3—investigating if cognitive reappraisal moderates the relationship 

between heart rate variability and telomere length in CD8+CD28– cells. 
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Figure 9. Effect of the predictor, heart rate variability (average of four baseline root mean square successive 

differences (RMSSD)) on the dependent variable, telomere length in CD8+CD28– cells, at different levels of 

the moderator, cognitive reappraisal recruitment. SD refers to standard deviation. 
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Figure 10. The proposed model for Study 4—investigating if one’s spontaneous propensity to engage in 

cognitive reappraisal—indexed via correspondence with a reliable whole-brain pattern of cognitive reappraisal 

implementation—moderates the relationship between inattention and perceived stress. 
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Figure 11. Schematic depiction of method used to compute Reappraisal Correspondence Scores (RCS) to 

index putative implicit emotion regulation. The cognitive reappraisal Z-map derived from Buhle and 

colleagues’ (2013) meta-analysis (A) was correlated with each HCP participant’s (individual participant 

denoted with P) contrast map for matching faces (versus matching shapes), (B). This resulted in an RCS for 

each participant, with higher values indicating relatively greater (thresholded) whole-brain correspondence 

with the reappraisal map and lower values indicating less correspondence (C).   
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Figure 12. Effect of the predictor, inattention score (indexed by the DSM [ASEBA] oriented scale) on the 

dependent variable, perceived stress (indexed by the NIH Toolbox), at different levels of the moderator, 

reappraisal brain recruitment. SD refers to standard deviation.  

  



SHAHANE   

 
 

113 

SECTION 7: Appendices 

Appendix A: Supplemental Materials for Study 1 

DATA ACCESSIBILITY: Raw data pertaining to analyses performed in this study are available 

at the following link: https://osf.io/8bmsp/?view_only=6574b8ca7c544a8eadc52d7d046fe4cd 
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Table S1.  Descriptive Statistics for Self-Reported Negative Affect, Lexical Measures, and Composite Linguistic 

Distancing 
  Change Neg Look Neg Look Neutral 

    Mean (SD) Mean (SD) Mean (SD) 

Self-Reported Negative Affect    

 Objective 4.12 (1.15) 4.43 (1.02) 1.49 (0.32) 
 Far 3.86 (1.14) 4.11 (1.13) 1.48 (0.48) 
 Look Only –  4.86 (0.65) 1.64 (0.63) 

Negative Affect Words    

 Objective 3.14 (1.37) 6.50 (2.29) 1.77 (1.10) 
 Far 3.88 (1.85) 6.02 (3.79) 2.10 (1.67) 
 Look Only – 10.86 (5.12) 2.73 (1.19) 

Positive Affect Words    

 Objective 0.39 (0.45) 0.86 (0.65) 7.02 (3.03) 
 Far 0.66 (0.71) 1.56 (1.49) 7.06 (2.96) 
 Look Only – 1.99 (1.13) 10.51 (3.65) 

First-Person Singular Pronouns   

 Objective 0.20 (0.35) 2.24 (2.40) 2.19 (2.60) 
 Far 1.05 (1.73) 2.59 (3.40) 2.40 (4.04) 
 Look Only – 5.18 (3.42) 4.60 (2.75) 

Present-Tense Verbs    

 Objective 12.84 (3.11) 15.07 (2.81) 14.68 (3.52) 
 Far 7.45 (4.21) 14.59 (3.99) 14.33 (4.39) 
 Look Only – 15.09 (4.17) 14.69 (4.07) 

Words > 6 Letters    

 Objective 13.01 (3.13) 14.37 (3.73) 15.05 (3.37) 
 Far 13.76 (4.14) 14.40 (4.83) 15.20 (5.09) 
 Look Only – 15.48 (4.91) 16.39 (5.50) 

Discrepancy Words    

 Objective 0.26 (0.42) 0.92 (0.91) 0.52 (0.71) 
 Far 9.87 (3.93) 3.65 (2.62) 1.17 (1.18) 
 Look Only – 1.64 (1.33) 1.11 (0.91) 

Articles  
   

 Objective 11.53 (2.70) 8.54 (3.33) 11.00 (4.27) 
 Far 10.93 (4.01) 7.97 (3.58) 9.72 (4.35) 
 Look Only – 4.91 (1.99) 6.37 (2.56) 

Composite Linguistic Distancing    

 Objective 0.36 (0.26) -0.09 (0.50) 0.16 (0.55) 
 Far 0.49 (0.54) -0.14 (0.55) 0.04 (0.64) 

  Look Only – -0.55 (0.63) -0.28 (0.45) 
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Table S2. Correlations of Reappraisal Success with Health Indicators and Composite Linguistic Distancing Collapsed Across 

Psychological Distancing Groups and Within Each Group 

Health Indicator 

Group 

Collapsed Across Objective 

and Far 
Objective Far 

Negative Affectivity 

Depression Symptoms r = .156, p = .222 r = .060, p = .742 r = .290, p = .113 

Perceived Stress  r = .233, p = .066 r = .158, p = .388 r = .343, p = .059 

    
General Well-Being (SF-36) 

Energy and Vitality r = -.179, p = .161 r = -.116, p = .529 r = -.283, p = .122 

Emotional Well-Being r = -.068, p = .594 r = -.005, p = .978 r = -.144, p = .440 

Social Functioning r = -.197, p = .121 r = -.112, p = .542 r = -.285, p = .121 
    

Emotion Regulation 

Reappraisal Frequency r = .086, p = .501 r = .122, p = .504 r = .047, p = .803 

Difficulties in Emotion 

Regulation 
r = .166, p = .193 r = .121, p = .509 r = .225, p = .224 

    

Composite Linguistic 

Distancing 
   

Change Negative – Look 

Negative 
r = -.065, p = .613 r = -.119, p = .515 r = -.010, p = .958 

Notes: r represents Pearson’s correlation, p represents p-value at 𝛼 = .05. 
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Table S3. Descriptive Statistics for Health Indicator Variables by Group    
Variable 

Name 
  Objective Far Look Only 

ANOVA Examining At Least One Mean 

Difference & Corresponding Effect Size 

Symptoms of 

Depression 
Mean (SD) 14.13 (12.79) 16.00 (9.77) 17.71 (10.78) F(2, 91) = 0.81  p = .45  η² = .02 

        

Perceived 

Stress 
Mean (SD) 16.69 (8.48) 18.29 (6.75) 18.23 (7.42) F(2, 91) = 0.45  p = .64  η² = .01 

        

Energy and 

Vitality 
Mean (SD) 51.25 (17.51) 47.1 (13.15) 41.61 (18.68) F(2, 91) = 2.66  p = .08  η² = .06 

        

Emotional 

Well-Being 
Mean (SD) 66.75 (19.66) 67.61 (15.61) 58.16 (18.35) F(2, 91) = 2.63  p = .08  η² = .06 

        

Social 

Functioning 
Mean (SD) 82.03 (16.17) 79.84 (16.35) 75.40 (22.70) F(2, 91) = 1.03  p = .36  η² = .02 

        

Reappraisal 

Frequency 
Mean (SD) 31.31 (5.60) 29.94 (6.11) 29.23 (8.50) F(2, 91) = 0.76  p = .47  η² = .02 

        

Difficulties in 

Emotion 

Regulation 

Mean (SD) 75.25 (20.41) 78.61 (18.47) 82.52 (19.41) F(2, 91) = 1.10  p = .34  η² = .02 
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Table S4. Correlation Matrix of Health Indicator Variables         

  

Energy and 

Vitality 

Emotional 

Well-Being 

Social 

Functioning 

Reappraisal 

Frequency 

Difficulties 

in ER 

Perceived 

Stress 

Symptoms 

of 

Depression 

Energy and 

Vitality 

r 1 .769** .412** .211* -.618** -.697** -.722** 

p   <.001 <.001 0.041 <.001 <.001 <.001 

Emotional 

Well-Being 

r .769** 1 .567** .288** -.691** -.765** -.828** 

p <.001   <.001 .005 <.001 <.001 <.001 

Social 

Functioning 

r .412** .567** 1 0.007 -.458** -.501** -.586** 

p <.001 <.001   0.946 <.001 <.001 <.001 

Reappraisal 

Frequency 

r .211* .288** 0.007 1 -.404** -.246* -.245* 

p .041 .005 0.946   <.001 .017 .017 

Difficulties  

in ER 

r -.618** -.691** -.458** -.404** 1 .686** .775** 

p <.001 <.001 <.001 <.001   <.001 <.001 

Perceived 

Stress 

r -.697** -.765** -.501** -.246* .686** 1 .773** 

p <.001 <.001 <.001 .017 <.001   <.001 

Symptoms 

of 

Depression 

r -.722** -.828** -.586** -.245* .775** .773** 1 

p <.001 <.001 <.001 .017 <.001 <.001   

Notes: r represents Pearson’s correlation, p represents p-value at 𝛼 = .05. These variables are highly correlated with 

one another, which is confirmed by previous literature. 
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Figure S1. Mean self-reported negative affect of each trial type within each group; higher scores indicate greater 

negative affect. 
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Figure S2. Collapsing across the psychological distancing groups, there was a marginal association between  

the linguistic distancing composite metric and energy and vitality (r(61) = .23, p = .066), and a significant  

association with reappraisal frequency (r(61) = .27, p = .031). 
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Figure S3. Within the Objective group, there was a significant association between the linguistic distancing 

composite metric and perceived stress (r(30) = -.43, p = .015), symptoms of depression (r(30) = -.44, p = .011), 

energy and vitality (r(30) = .35, p = .048), emotional well-being (r(30) = .41, p = .019), social functioning (r(30) = 

.36, p = .046), and a marginal association with difficulties in emotion regulation (r(30) = -.32, p = .079). 
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Figure S4. Within the Far group, there was a significant association between the linguistic distancing composite 

metric and reappraisal frequency (r(29) = .45, p = .010), and a marginal association with difficulties in emotion 

regulation (r(29) = -.31, p = .091). 
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Questionnaire Measures. Participants completed several measures indexing negative 

affectivity, including the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 

1977), which is a 20-item self-report measure assessing depressive symptomology during the 

past week, rated on a 4-point scale from 1 (rarely or none of the time [less than 1 day]) to 4 (most 

or all of the time [5-7 days]). Example items include, “I felt that everything I did was an effort.” 

or “I felt that I could not shake off the blues even with help from my family or friends.” 

Next, participants completed the Perceived Stress Scale  (PSS; Cohen, Kamarck, & 

Mermelstein, 1983), which is a 10-item self-report measure assessing the participants’ perceived 

stress and feelings over the course of the past few days, rated on a 5-point scale from 0 (Never) to 

4 (Very Often). Example items include, “In the past few days, how often have you felt that you 

were unable to control the important things in your life?” or “In the past few days, how often have 

you felt difficulties were piling up so high that you could not overcome them?” 

Participants also completed a measure indexing general well-being. The RAND short-form 

health survey (SF-36; Ware & Sherbourne, 1992) is a 36-item measure containing eight multi-item 

subscales: 1) physical functioning, 2) role limitations due to physical health, 3) role limitations 

due to emotional problems, 4) energy/fatigue, 5) pain, 6) emotional well-being, 7) social 

functioning, and 8) general health (Murdock, Fagundes, Peek, Vohra, & Stowe, 2016). For 

example, emotional well-being is quantified by responses to questions such as, “Have you felt so 

down in the dumps that nothing could cheer you up?” rated on a 6-point Likert scale from 1 (All 

of the time) to 6 (None of the time). Similarly, pain is quantified by responses to questions such 

as, “How much bodily pain have you had during the past 4 weeks?” rated on a 6-point Likert scale 

from 1 (None) to 6 (Very severe). 
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Participants then completed two scales assessing emotion regulation. The first of which was 

the Emotion Regulation Questionnaire (ERQ; Gross & John, 2003), which is a 10-item self-report 

measure assessing how frequently participants report regulating their emotions via reappraisal and 

expressive suppression, rated on a 7-point Likert scale from 1 (Strongly disagree) to 7 (Strongly 

agree). The ERQ yields two separate summed scores for cognitive reappraisal and expressive 

suppression. Example items include, “I control my emotions by changing the way I think about 

the situation I’m in.” or “When I am feeling negative emotions, I make sure not to express them.” 

Lastly, the second emotion regulation scale was the Difficulties in Emotion Regulation Scale 

(DERS; Gratz & Roemer, 2004), which is a 36-item self-report measure assessing the degree to 

which participants have difficulty regulating negative emotional states, rated on a 5-point Likert 

scale from 1 (Almost never) to 5 (Almost always). Overall higher scores indicate greater difficulty 

regulating negative emotions. The DERS yields a sum total score, as well as 6 subscales: emotional 

non-acceptance (e.g., “When I’m upset, I become angry with myself for feeling that way”), 

difficulty engaging in goal-directed behavior (e.g., “When I’m upset, I have difficulty getting work 

done”), limited access to emotion regulation strategies (e.g., “When I’m upset, I believe that I will 

remain that way for a long time”), lack of emotional clarity (e.g., “I have no idea how I am 

feeling”), impulsivity control difficulties (e.g., “I experience my emotions as overwhelming and 

out of control”), and lack of emotional awareness (reverse coded; e.g., “I pay attention to how I 

feel”). 
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Positive and Negative Affect Word Analyses. The degree of positive affect words and 

negative affect words used among each group was investigated. There was a main effect of trial 

type on positive affect word usage, F(2, 138) = 312.33, p < .001, Cohen’s f = 2.13, and a main 

effect of group on positive affect word usage, F(2, 85) = 18.56, p < .001, Cohen’s f = 0.66. 

To unpack the main effect of trial type, post-hoc pairwise comparisons among the trial 

types indicate that there was a significant difference in positive affect word usage between the 

Change Negative (M = 0.52, SD = 0.60) and Look Neutral trials (M = 8.18, SD = 3.59), t(61) = 

19.75, p < .001, and a significant difference in positive affect word usage between the Look 

Negative (M = 1.46, SD = 1.22) and Look Neutral trials, t(92) = 19.58, p < .001. 

To investigate the main effect of group, post-hoc pairwise comparisons among the groups 

indicate that there was a significant difference in positive affect word usage between the Objective 

(M = 2.75, SD = 1.11) and Look Only group (M = 6.25, SD = 2.04), t(61) = 8.22, p < .001, and a 

significant difference in positive affect word usage between the Far (M = 3.09, SD = 1.64) and 

Look Only group, t(60) = 7.18, p < .001. Notably, there were six outliers (quantified as more than 

three IQRs from the hinges of the box plot), which were removed from the analyses. 

There was a main effect of trial type on negative affect word usage, F(2, 143) = 138.61, p < 

.001, Cohen’s f = 1.39, and a main effect of group on negative affect word usage, F(2, 88) = 17.25, 

p < .001, Cohen’s f = 0.62. 

To reveal the main effect of trial type, post-hoc pairwise comparisons among the trial types 

indicate that there was a significant difference in negative affect word usage between the Change 

Negative (M = 3.51, SD = 1.65) and Look Neutral trials (M = 2.20, SD = 1.38), t(61) = 2.72, p = 

.019, and a significant difference in negative affect word usage between the Look Negative (M = 

7.79, SD = 4.43) and Look Neutral trials, t(92) = 12.96, p < .001. 
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To explore the main effect of group, post-hoc pairwise comparisons among the groups 

indicate that there was a significant difference in negative affect word usage between the Objective 

(M = 3.81, SD = 1.11) and Look Only group (M = 6.80, SD = 2.78), t(61) = 5.79, p < .001, and a 

significant difference in negative affect word usage between the Far (M = 3.99, SD = 1.94) and 

Look Only group, t(60) = 5.51, p < .001. Notably, there were three outliers (quantified as more 

than three IQRs from the hinges of the box plot), which were removed from the analyses. 

Although analyses of positive and negative word frequencies and their relationships to 

health indices were not the focus of the present manuscript, across the psychological distancing 

groups, there was a significant negative association between positive affect word usage and energy 

and vitality, r(58) = –.35, p = .006, 95% CI [–.557, –.109], and a marginal relationship between 

positive affect word usage and emotional well-being, r(58) = –.25, p = .056, 95% CI [–.472, .007]. 

Further, there was a negative association between negative affect word usage and reappraisal 

success, r(58) = –.40, p = .002, 95% CI [–.588, .159]. The significance of these relationships 

remains to be clarified. 
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Self-reported negative affect ratings, continued. Within the Objective group, there was a 

main effect of trial type on self-reported negative affect reports, F(2, 93) = 101.36, p < .001, 

Cohen’s f = 1.48. As expected, participants reported feeling less negative in the Change Negative 

trials relative to the Look Negative trialsi, t(31) = 2.88, p = .007, 95% CI of mean difference = 

[0.09, 0.52], d = 0.51, more negative in the Change Negative trials relative to the Look Neutral 

trials, t(31) = 13.74, p < .001, 95% CI of mean difference = [–3.02, –2.24], d = 2.43, and more 

negative in the Look Negative trials relative to the Look Neutral trials,  t(31) = 17.30, p < .001, 

95% CI of mean difference = [2.59, 3.29], d = 3.06. 

Within the Far group, there was a main effect of trial type on self-reported negative affect 

reports, F(2, 90) = 70.24, p < .001, Cohen’s f = 1.25. As expected, participants reported feeling 

less negative in the Change Negative trials relative to the Look Negative trials ii, t(30) = 2.16, p = 

.039, 95% CI of mean difference = [0.01, 0.49], d = 0.39, more negative in the Change Negative 

trials relative to the Look Neutral trials, t(30) = 13.37, p < .001, 95% CI of mean difference = [–

2.75, –2.02], d = 2.40, and more negative in the Look Negative trials relative to the Look Neutral 

trials, t(30) = 13.81, p < .001, 95% CI of mean difference = [2.25, 3.03], d = 2.48. There was no 

significant difference in reappraisal success (i.e. mean self-reported negative affect score for 

Change Negative relative to Look Negative trials) between the Objective and Far groups (p = .74, 

n.s.).  

I next examined whether reappraisal success, defined for each participant as mean Change 

Negative self-reported negative affect ratings subtracted from mean Look Negative self-reported 

negative affect ratings, predicted linguistic distancing or health indicators. No significant 

relationships with reappraisal success were observed in any group (see Table S2).  
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Regressed Change Analyses. When collapsed across the Objective and Far group, there 

was a significant effect of linguistic distancing during the Change Negative trials while 

controlling for linguistic distancing during the Look Negative trials on energy and vitality, t(62) 

= 2.07, b = 11.68, p = .043, 95% CI of estimate [0.363, 23.0], emotional well-being, t(62) = 2.60, 

b = 16.00, p = .012, 95% CI of estimate [3.71, 28.31], and a marginal effect on social 

functioning, t(62) = 1.94, b = 11.64, p = .057, 95% CI of estimate [–0.336, 23.61].  

There was no effect of linguistic distancing during the Change Negative trials while 

including Look Negative as a covariate on reappraisal frequency, t(62) = 1.29, b = 2.78, p = .20, 

95% CI of estimate [–1.54, 7.09], difficulties in emotion regulation, t(62) = 1.00, b = –7.04, p = 

.32, 95% CI of estimate [–21.1, 7.02], perceived stress, t(62) = 1.50, b = –4.17, p = .14, 95% CI 

of estimate [–9.71, 1.38], or symptoms of depression,  t(62) = 1.28, b = –5.31, p = .21, 95% CI of 

estimate [–13.60, 2.98]. Importantly, interaction terms were included in the models due to 

homogeneity of regression coefficients assumption violation. 
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Appendix B: Supplemental Materials for Study 3 

Table S1     

Interaction of Suppression and HRV to Predict Telomere Length in CD8+CD28- Cells 

  Sum of Squares df Mean Square F p 

Model 2.49 26 0.096 1.42 0.109 

Sex 0.09 1 0.088 1.30 0.256 

Age 0.07 1 0.073 1.08 0.301 

Education 0.51 6 0.085 1.26 0.281 

Smoking Status 0.37 1 0.372 5.51 0.021 

Bodymass 0.08 1 0.080 1.18 0.280 

Exercise 0.04 1 0.039 0.57 0.450 

Employment 0.08 1 0.078 1.15 0.286 

Race 0.22 5 0.044 0.65 0.661 

Alcohol Consumption 0.30 6 0.050 0.73 0.625 

RMSSD 0.06 1 0.062 0.91 0.342 

Suppression 0.07 1 0.070 1.04 0.310 

RMSSD * Suppression 0.03 1 0.034 0.51 0.477 

Residuals 7.44 110 0.068     

Note. R-squared= 0.251 , adjusted R-squared= 0.074 

 

 

Table S2     

Interaction of Reappraisal and HRV to Predict Telomere Length in CD4 Cells 

  

Sum of 

Squares df 

Mean 

Square F p 

Model 1.45 27 0.054 0.86 0.667 

Sex 0.06 1 0.059 0.93 0.336 

Age 0.13 1 0.129 2.06 0.154 

Education 0.15 7 0.021 0.34 0.932 

Smoking Status 0.08 1 0.079 1.27 0.263 

Bodymass 0.05 1 0.053 0.84 0.361 

Exercise 0.06 1 0.056 0.90 0.345 

Employment 0.06 1 0.059 0.95 0.332 

Race 0.25 5 0.050 0.80 0.550 

Alcohol Consumption 0.72 6 0.120 1.92 0.084 

RMSSD 0.02 1 0.017 0.27 0.606 

Cognitive Reappraisal Frequency 0.00 1 0.001 0.01 0.912 

RMSSD * Cognitive Reappraisal Frequency 0.00 1 0.004 0.07 0.794 

Residuals 6.95 111 0.063     

Note. R-squared= 0.173 , adjusted R-squared= -0.028 
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Table S3     

Interaction of Reappraisal and HRV to Predict Telomere Length in CD19 Cells 

  

Sum of 

Squares df 

Mean 

Square F p 

Model 1.786 26 0.069 1.21 0.268 

Sex 0.185 1 0.185 3.25 0.077 

Age 0.000 1 0.000 0.00 0.949 

Education 0.298 6 0.050 0.87 0.520 

Smoking Status 0.001 1 0.001 0.01 0.921 

Bodymass 0.002 1 0.002 0.04 0.837 

Exercise 0.003 1 0.003 0.06 0.806 

Employment 0.000 1 0.000 0.01 0.941 

Race 0.773 5 0.155 2.72 0.028 

Alcohol Consumption 0.306 6 0.051 0.90 0.503 

RMSSD 0.131 1 0.131 2.31 0.134 

Cognitive Reappraisal Frequency 0.025 1 0.025 0.43 0.514 

RMSSD * Cognitive Reappraisal Frequency 0.075 1 0.075 1.32 0.254 

Residuals 3.409 60 0.057     

Note. R-squared= 0.344 , adjusted R-squared= 0.059 

 

 

Table S4     

Interaction of Reappraisal and HRV to Predict Telomere Length in CD8CD28+ Cells 

  

Sum of 

Squares df 

Mean 

Square F p 

Model 0.919 25 0.037 0.87 0.642 

Sex 0.024 1 0.024 0.56 0.457 

Age 0.242 1 0.242 5.72 0.019 

Education 0.198 6 0.033 0.78 0.586 

Smoking Status 0.009 1 0.009 0.20 0.652 

Bodymass 0.044 1 0.044 1.04 0.310 

Exercise 0.004 1 0.004 0.11 0.745 

Employment 0.003 1 0.003 0.08 0.776 

Race 0.022 4 0.005 0.13 0.972 

Alcohol Consumption 0.241 6 0.040 0.95 0.462 

RMSSD 0.036 1 0.036 0.86 0.357 

Cognitive Reappraisal Frequency 0.028 1 0.028 0.65 0.421 

RMSSD * Cognitive Reappraisal Frequency 0.108 1 0.108 2.57 0.112 

Residuals 4.222 100 0.042     

Note. R-squared= 0.179 , adjusted R-squared= -0.026 
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Table S5     
Interaction of Reappraisal and HRV to Predict Telomere Length in PBML Cells 

  

Sum of 

Squares df 

Mean 

Square F p 

Model 1.811 26 0.070 1.72 0.031 

Sex 0.007 1 0.007 0.18 0.675 

Age 0.166 1 0.166 4.10 0.046 

Education 0.163 6 0.027 0.67 0.672 

Smoking Status 0.018 1 0.018 0.44 0.510 

Bodymass 0.194 1 0.194 4.79 0.031 

Exercise 0.037 1 0.037 0.91 0.344 

Employment 0.026 1 0.026 0.65 0.423 

Race 0.344 5 0.069 1.70 0.142 

Alcohol Consumption 0.561 6 0.093 2.31 0.040 

RMSSD 0.211 1 0.211 5.20 0.025 

Cognitive Reappraisal Frequency 0.016 1 0.016 0.39 0.536 

RMSSD * Cognitive Reappraisal Frequency 0.155 1 0.155 3.83 0.053 

Residuals 3.885 96 0.040     

Note. R-squared= 0.318 , adjusted R-squared= 0.133 
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Appendix C: Supplemental Materials for Study 4 

 

The following analyses illustrate the extent to which patterns of brain activity consistent with 

negative affect appraisal were engaged during the Match Faces versus Match Shapes trials in the 

task. First, I utilized the Picture Induced Negative Emotion Signature (PINES), a neural 

activation pattern distributed across the brain that reliably predicts how negative a person will 

feel after viewing negative stimuli, including subnetworks in the cortex and subcortex (Chang et 

al., 2015). Using the statistical map for PINES from Chang and colleagues, I computed PINES 

Correspondence Scores, which indexed the degree to which each participant in Study 4 

expressed the PINES using the 3ddot tool in AFNI. Specifically, I used the “3ddot -docor” 

function to compute the correlation coefficients for each participant. Further, I did region-of-

interest (ROI) analyses for the left and right amygdala, which were anatomically-defined using 

probabilistic amygdala masks that come pre-packaged with FSL (i.e., the Harvard-Oxford 

subcortical structural atlas).  

 

I first ran t-tests comparing brain recruitment during Match Faces versus Match Shapes of the 

PINES, left amygdala, right amygdala, and reappraisal signature. I then tested correlations 

among recruitment of the left amygdala, right amygdala, PINES pattern expression, and 

reappraisal pattern expression (i.e., RCS). Lastly, I substituted the RCS in the original general 

linear model with the left amygdala, right amygdala, and PINES, as done with the dorsolateral 

prefrontal cortex in the main manuscript. 
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Region–of–interest analysis with left and right amygdala. T-tests indicate that 

participants showed significant positive activation of the left amygdala when matching negative 

faces versus shapes, t(364) = 32.54, p < .001, 95% CI [.234, .265], d = 1.70. This pattern was 

also observed in the right amygdala, t(364) = 29.51, p < .001, 95% CI [.218, .249], d = 1.55.  

 

Whole-brain pattern expression of negative emotion. Participants showed significant 

positive expression of the PINES when matching negative faces versus shapes, t(364) = 63.04, p 

< .001, 95% CI [.099, .105], d = 3.30. 

 

Bi-variate correlations of amygdala activity, whole-brain negative emotion expression, 

and cognitive reappraisal expression. 

Table S5. Correlation matrix depicting bi-variate correlations between PINES pattern expression, right amygdala 

activity, left amygdala activity, and reappraisal correspondence scores 

 

PINES Pattern 

Expression 

R Amygdala 

Activity 

L Amygdala 

Activity 

Reappraisal 

Correspondence 

Scores (RCS) 

PINES Pattern 

Expression 

– r = .278, p < .001 r = .274, p < .001 r = .133, p = .011 

R Amygdala Activity  – r = .695, p < .001 r = .504, p < .001 

L Amygdala Activity   – r = .419, p < .001 

 

 

There was a relatively modest but significant correlation between the expression of the PINES 

and reappraisal signature (RCS). That is, those same individuals who showed more whole-brain 
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expression of PINES were also more likely to express patterns of activity corresponding to 

cognitive reappraisal. This is consistent with the possibility that more subjectively experienced 

negative affect is associated with a greater need to regulate.  

 

I utilized the variability in the extent to which participants expressed reappraisal (indexed with 

RCS), which mattered when taking different levels of inattention into account to predict trait-

level negative appraisal tendencies (indexed by the perceived stress scale). 

 

Alternative models predicting perceived stress with different brain-based predictors. I 

explored whether a region-of-interest (ROI) analysis of the amygdala would yield results 

consistent with the RCS approach. I independently defined a ROI in left amygdala from the 

Harvard-Oxford subcortical structural atlas pre-packaged in FSL. The model I specified (with 

perceived stress as the dependent variable, inattention scores and left amygdala ROI values per 

participant as the independent variables, and controlling for age and gender (as per the original 

analyses)) explained 12.9% of the variance in perceived stress scores. The interaction between 

left amygdala activity and inattention was not significant b = –1.55, 95% CI [–4.29, 1.19], p = 

.27. 

 

I then independently defined a ROI in the right amygdala from the Harvard-Oxford subcortical 

structural atlas pre-packaged in FSL. The model I specified (with perceived stress as the 

dependent variable, inattention scores and right amygdala ROI values per participant as the 

independent variables, and controlling for age and gender (as per the original analyses)) 
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explained 12.4% of the variance in perceived stress scores. The interaction between right 

amygdala activity and inattention was not significant b = –1.66, 95% CI [–4.34, 1.02], p = .23. 

 

The PINES Correspondence Scores (PCS) for each participant were computed using the 3ddot 

tool as used above. The model I specified (with perceived stress as the dependent variable, 

inattention scores and PCS values per participant as the independent variables, and controlling 

for age and gender (as per the original analyses)) explained 12.9% of the variance in perceived 

stress scores. The interaction between PCS and inattention was not significant b = –13.03, 95% 

CI [–27.27, 1.22], p = .073. 
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SECTION 8: Endnotes 

i Notably, reappraisal success is defined as Change Negative self-reported negative affect subtracted from Look 

Negative self-reported negative affect. Thus, greater deltas indicate greater reappraisal success, and deltas close to 

zero indicate lower or no reappraisal success. Self-reported negative affect in the Look Negative trials was 

significantly different from self-reported negative affect in the Change Negative trials, indicating that individuals in 

the Objective group experienced reappraisal success, t(31) = 2.88, p = .007, 95% CI of mean difference = [0.09, 

0.52], d = 0.51. 
ii Similarly to the above, reappraisal success is defined as Change Negative self-reported negative affect subtracted 

from Look Negative self-reported negative affect. Self-reported negative affect in the Look Negative trials was 

significantly different from self-reported negative affect in the Change Negative trials, indicating that individuals in 

the Far group experienced reappraisal success, t(30) = 2.16, p = .039, 95% CI of mean difference = [0.01, 0.49], d = 

0.39. 

 


