                                                                    
Emotional and Physical Pain Tolerance in DSH     39 


Running Head:  EMOTIONAL AND PHYSICAL PAIN TOLERANCE IN SELF-HARM

An Experimental Investigation of Emotional Willingness and Physical Pain Tolerance in Deliberate Self-Harm: The Moderating Role of Interpersonal Distress

Kim L. Gratza,*, Claire Hepworthb, Matthew T. Tulla, Autumn Paulsonc, Sue Clarked, 

Bob Remingtone, C. W. Lejuezf
aDepartment of Psychiatry and Human Behavior, University of Mississippi Medical Center, Jackson, MS, USA

bInstitute of Psychiatry, Kings College, London, United Kingdom
cPsychology Service (S-116), Seattle Veterans Affairs/Puget Sound Health Care System, Seattle, WA, USA

dIntensive Psychological Therapies Service, Dorset Healthcare Foundation Trust and School of Psychology, University of Southampton, Southampton, United Kingdom 

eSchool of Psychology, University of Southampton, Southampton, United Kingdom
fCenter for Addictions, Personality, and Emotion Research and the Department of Psychology, University of Maryland, College Park, MD, USA
*Correspondence concerning this article should be addressed to Kim L. Gratz, Department of Psychiatry and Human Behavior, University of Mississippi Medical Center, Jackson, MS 39216, USA; Phone: (601) 815-6450; E-mail: KLGratz@aol.com. 
Abstract

Although theoretical and clinical literature emphasize the role of both an unwillingness to experience emotional distress and physical pain tolerance in deliberate self-harm (DSH), research on their associations with DSH remains limited. This study sought to examine the relationships between DSH and the willingness to experience emotional distress and tolerate physical pain, including the moderating role of interpersonal distress in these relationships. To this end, young adults with recent DSH (n = 43) and controls without any DSH (n = 52) were randomly assigned to one of two emotion induction conditions (distressing or neutral), after which behavioral measures of both the willingness to experience distress and physical pain tolerance were obtained. Consistent with hypotheses, findings indicated heightened physical pain tolerance among self-harming individuals only under conditions of interpersonal distress. Further, findings provided some support for the hypothesized association between DSH and the unwillingness to experience emotional distress, suggesting that self-harming women evidence less willingness to experience emotional distress only under conditions of depleted regulatory capacity (e.g., following an interpersonal stressor). 
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1. Introduction
Clinical researchers have become increasingly interested in behaviors involving the deliberate, direct destruction of body tissue without conscious suicidal intent, but resulting in injury severe enough for tissue damage to occur, referred to here as deliberate self-harm (DSH) (1-3). DSH is a serious clinical concern. Although this behavior is, by definition, distinguished from suicidal behaviors involving an intent to die, individuals who engage in DSH are at heightened risk for suicide (4). Further, DSH is associated with a wide range of negative interpersonal and intrapersonal consequences, including shame, guilt, and social isolation (5, 6). 
Although originally studied primarily within the context of borderline personality disorder (BPD) (5), a growing body of evidence suggests that DSH is much more common among nonclinical populations than previously thought. In particular, evidence suggests that community young adults are at especially high-risk for DSH, with rates of DSH among various nonclinical young adult populations ranging from 17-41% (7-10). Further, although the vast majority of research on DSH has focused exclusively on the factors associated with this behavior among female samples, recent findings indicating comparable rates of DSH among female and male college students (11), adolescents (12) and military recruits (2) highlight the importance of examining the development and maintenance of DSH among males as well. 

1.1. Mechanisms Underlying DSH
Despite the clinical relevance and associated negative consequences of DSH, research on the mechanisms that underlie this behavior has been limited. However, theoretical literature suggests that DSH stems from an unwillingness to experience emotional distress (1, 13). For example, Linehan (13) has suggested that one aspect of emotion dysregulation that underlies many of the behaviors associated with BPD (including DSH) is an unwillingness to tolerate emotional distress (which may prompt efforts to escape or avoid that distress, such as DSH). Likewise, Chapman et al. (1) suggest that DSH often functions to escape or avoid unwanted emotional distress, and stems (in part) from the inability and/or unwillingness to tolerate emotional arousal. This theoretical emphasis on the role of the unwillingness to experience emotional distress in DSH is consistent with findings that one of the most frequently reported reasons for DSH is to escape or eliminate unwanted feelings (e.g., see reference [14]).

One way in which DSH may function to provide escape from unwanted emotional distress is by providing physical stimulation (i.e., pain) sufficiently compelling to divert the individual’s attention away from painful emotional arousal (1). Specifically, researchers have suggested that the physical pain provided by DSH may serve to distract the individual from emotional distress (1, 15) – an emotion regulation strategy regarded as particularly difficult for individuals with BPD and related behaviors such as DSH (13). As such, theoretical literature highlights the potential importance of physical pain in the relief provided by DSH.     
Although research on the role of these mechanisms in DSH remains limited, preliminary evidence suggests the relevance of these factors to DSH and highlights the importance of examining these relationships further. 
1.1.1. Physical Pain Tolerance 
Although no research has examined physical pain tolerance among nonclinical samples of individuals with DSH, studies have found that self-harming BPD patients demonstrate significantly higher physical pain tolerance than depressed patients or healthy controls (16). However, there is some evidence to suggest that the willingness to tolerate physical pain among BPD patients (with and without DSH) is context-dependent, and heightened under conditions of emotional distress. Specifically, McCown et al. (17) found that BPD patients exhibited a significantly higher physical pain tolerance than patients with other personality disorders and healthy controls only under conditions of heightened stress (and not at baseline), consistent with findings of a positive association between physical pain thresholds and emotional distress among patients with BPD (most of whom had current DSH) (18). Importantly, findings of heightened physical pain tolerance and thresholds among self-harming BPD patients under conditions of emotional distress are in contrast to findings among non-DSH and non-BPD individuals, who generally show lower physical pain tolerance during conditions of emotional distress (19). As such, these findings suggest that physical pain may function differently among individuals with and without DSH.  
1.1.2. Willingness to Experience Emotional Distress 
Research on the relationship between DSH and the willingness to experience emotional distress is inconclusive, with the few studies that have examined this relationship producing mixed results. Specifically, one study found evidence of less willingness to tolerate emotional distress among individuals with a history of DSH (vs. those without DSH) (20), another found no association between the willingness to experience emotional distress and DSH (21), and still another found that although the willingness to experience emotional distress did not differ between individuals with and without a history of DSH, it was associated with the frequency of DSH among self-harming individuals without BPD pathology (22).

Importantly, however, these equivocal findings are not inconsistent with theoretical literature suggesting that self-harming BPD patients demonstrate great variability in emotional and behavioral functioning, performing well and evidencing few coping deficits under certain conditions but demonstrating considerable emotion regulation-related deficits and ineffective coping under other conditions (13). Indeed, although a variety of methodological issues may account for the discrepant findings with regard to the association between DSH and the willingness to experience emotional distress in the studies noted above (e.g., procedural differences, sample differences, small sample sizes), another possibility is that investigations of a generalized unwillingness to experience emotional distress in DSH fail to capture the context-dependent nature of emotional unwillingness among individuals with DSH (consistent with evidence of the context-dependent nature of physical pain tolerance within this population, as well as theoretical literature suggesting condition-specific variability in coping among self-harming individuals). 
One set of conditions particularly relevant to the variable functioning of individuals with DSH may be the individual’s mood, which has been suggested to moderate emotion-related behavioral capabilities (13). The mood-dependent nature of particular coping abilities among individuals with DSH may be explained by Baumeister et al.’s (23) ego-depletion model of self-regulation. According to this model, the capacity for self-regulation is a limited resource (similar to energy or strength). Thus, exposure to any situation or activity that requires self-regulation or self-control will deplete this resource, temporarily limiting one’s capacity for self-regulation (23, 24). Although many different activities and situations may deplete self-regulation resources, certain events appear more likely to result in depleted self-regulatory capacity, including the use of maladaptive regulation strategies (such as the suppression of emotions, thoughts, and urges) (23, 24) and exposure to distressing interpersonal situations (25, 26).  For example, social exclusion has been found to contribute to engagement in unhealthy behaviors and poor impulse control (26), as well as to decrease the ability to persist at a physically challenging task (25). 
With regard to the application of this model to DSH, there is evidence to suggest that the capacity for self-regulation among individuals with DSH may be chronically depleted. Specifically, as a result of their frequent use of maladaptive regulation strategies and heightened levels of psychopathology (see references [27-29]), self-harming individuals are likely in a constant state of depleted regulatory capacity (see reference [30]) (consistent with findings that DSH is associated with considerable self- and emotion-regulation deficits [31-33]). Consequently, individuals with DSH may be especially likely to experience self-regulatory failures when exposed to a distressing situation. 
Further, although Baumeister and colleagues’ (23) model emphasizes self-regulation in general, it may be important to distinguish between the regulation of emotional and physical pain when applying this model to individuals with DSH. Specifically, given that the capacity for self-regulation is strengthened through practice (30, 34), self-harming individuals may, as a result of the use of DSH and the avoidance of emotional distress, develop a greater capacity for regulating physical pain (see also reference [35]) and a lesser capacity for regulating emotional pain – consistent with the aforementioned evidence that physical pain may function differently among individuals with and without DSH (see references [17, 19]). Specifically, findings that self-harming BPD patients evidence greater physical pain tolerance and thresholds under conditions of emotional distress (in contrast to non-DSH individuals, who generally show lower physical pain tolerance under conditions of emotional distress) (see references [17, 19]) suggest that individuals with DSH may have a greater self-regulatory capacity for physical versus emotional pain. Consequently, under conditions of depleted regulatory capacity (e.g., following distressing interpersonal situations), individuals with DSH (vs. those without DSH) may be more willing to tolerate physical pain than emotional distress.    
1.2. Gender Differences in the Mechanisms Underlying DSH 
Researchers in the area of developmental psychopathology have long highlighted gender-based differences in the pathways to various forms of psychopathology (36). Consistent with this framework, findings suggest that many of the factors associated with DSH differ across gender (8, 11, 31). Further, although no research has examined gender differences in the relationships between DSH and the specific mechanisms of interest here, studies have found relevant gender differences in these factors themselves, with men demonstrating higher physical pain tolerance and thresholds (for a review, see reference [37]) and reporting greater willingness to experience emotional distress (38, 39). Although such gender differences do not necessarily mean that the associations between these factors and DSH will differ by gender, past findings of gender differences in the factors associated with DSH suggest the importance of examining the moderating role of gender in these associations.   

1.3. The Current Study
The goal of this study was to examine the associations between DSH and the willingness to experience emotional distress and tolerate physical pain, including the moderating role of interpersonal distress in these relationships. To this end, young adults with recent DSH (defined as at least one episode of DSH in the past 12 months) (see references [27, 40]) and controls without any history of DSH were randomly assigned to one of two emotion induction conditions (distressing or neutral), after which they completed behavioral measures of both the willingness to experience emotional distress and physical pain tolerance. We hypothesized that differences in the willingness to experience emotional distress and tolerate physical pain between individuals with recent DSH and those without DSH would be greatest under conditions of interpersonal distress, such that DSH participants in the distressing condition would evidence less willingness to tolerate emotional distress and greater physical pain tolerance than all other groups. Furthermore, given past findings of gender differences in the factors associated with DSH, we examined the moderating role of gender in these relationships. To test these hypotheses, we utilized a 2 (group) X 2 (condition) X 2 (gender) design, with both the willingness to tolerate emotional distress and physical pain tolerance serving as the dependent variables. 
2. Method

2.1. Participants

Participants between 18 and 30 years of age were recruited through advertisements posted in coffee shops, grocery stores, and college campuses in the greater Washington DC area, as well as two websites. Potential participants completed a questionnaire packet including the Deliberate Self-Harm Inventory (7) (see below for further details). Inclusion criteria included either reporting at least one episode of DSH within the past year (DSH group) (for a comparable approach, see references [27, 40]), or reporting no history of DSH (control group). Based on these criteria, 95 participants (43 with recent DSH, and 52 without a history of DSH) were considered eligible for participation, and completed the experimental portion of the study. Consistent with past studies of young adults in the community (41-43), 78% of the sample reported some college education. 
2.1.1. DSH Group 
Participants in the DSH group (n = 43) ranged in age from 18 to 26 (M = 19.30, SD = 1.73), and 70% (n = 30) were female. With regard to their racial/ethnic background, 63% were White, 12% were Asian, 7% were Latino, 5% were Black/African-American, and 14% were of another or unspecified racial/ethnic background. Participants reported a median family income of $85,000 per year, and all were single (100%). With regard to their DSH history, 93% of participants reported at least five incidents of DSH in the past, 88% reported at least 10 incidents, and 17% reported more than 100 incidents. The average length of time since the last incident of DSH was 2.91 months (SD = 3.88), with 58% of the sample reporting an incident of DSH within the past month and 86% of the sample reporting an incident of DSH within the past 6 months. The median number of DSH acts reported by participants was 28, and the most common forms of DSH included cutting (70%), severe scratching (49%), and burning (40%). Consistent with past research (2, 28), participants in the DSH group reported elevated levels of BPD symptoms (mean = 29.10 ± 7.62; closer to the mean of a BPD outpatient sample than the mean of a sample of outpatients without a personality disorder diagnosis; see reference [44]), with 37.2% (n = 16) endorsing clinically-relevant levels of BPD pathology (see reference [22]). 
2.1.2. Control Group 
Participants in the control group (n = 52) ranged in age from 18 to 26 (M = 20.04, SD = 1.73), and 73% (n = 38) were female. With regard to their racial/ethnic background, 71% were White, 15% were Asian, 8% were Black/African-American, 2% were Latino, and 4% were of another or unspecified racial/ethnic background. Participants reported a median family income in excess of $100,000 per year, and all were single (100%). Finally, participants in the control group endorsed minimal BPD pathology (mean = 22.64 ± 6.45; consistent with the mean BPD symptom severity of outpatients without a personality disorder, and more than 1 SD below the mean for BPD outpatient samples; see reference [44]), with only 9.6% (n = 5) reporting clinically-relevant levels of BPD symptoms. 
2.2. Materials 

2.2.1. Pre-Experiment Self-Report Measures 
The Deliberate Self-Harm Inventory (DSHI) (7) is a 17-item self-report questionnaire that assesses lifetime history of various aspects of DSH (defined as the deliberate, direct destruction of body tissue without suicidal intent), including frequency, duration, and type of self-harming behavior (e.g., cutting, burning, carving, and self-hitting). Specifically, participants are asked whether and how often they have engaged in a variety of DSH behaviors “intentionally (i.e., on purpose),” as well as the last time they engaged in each of the behaviors. The DSHI has demonstrated high internal consistency, adequate test-retest reliability, and adequate construct, discriminant, and convergent validity among undergraduate student and patient samples (7, 45). Internal consistency in this sample was adequate (( = .79). Consistent with past research on individuals with recent DSH, participants were included in the DSH group if they reported at least one episode of DSH in the past 12 months (see references [27, 40]).
The Borderline Evaluation of Severity over Time (BEST) (46) is a 15-item, self-report measure of BPD-specific symptom severity, or the degree of impairment from each of the nine BPD criteria over the past month. Preliminary data suggest that this measure has adequate convergent and discriminant validity (47). Internal consistency in this sample was adequate (( = .77). The BEST was included in this study as a possible covariate, given previous research demonstrating strong relationships between borderline personality pathology and both the willingness to experience emotional distress (48) and physical pain tolerance (16, 17). 

The Center for Epidemiologic Studies Depression Scale (CES-D) (49) was developed as a measure of depressive symptoms among community samples of adults, and is used widely in studies of nonclinical populations. Items are rated on a 4-point scale according to the frequency with which symptoms were experienced during the preceding week and are summed to compute a total score. The CES-D has been found to correlate strongly (r = .87) with the Beck Depression Inventory (50). Internal consistency in this sample was good (( = .82). The CES-D was included as a possible covariate to control for the potential influence of depressive symptoms on the willingness to experience emotional distress and physical pain tolerance (see reference [19]). 
2.2.2. Interpersonal Situation Manipulation 
In accordance with a protocol developed by Litz (51) (based on procedures originally developed by Lang and colleagues) (see references [52, 53]), a semi-structured interview was used to elicit a personal narrative of two recent interpersonal interactions (one distressing and one neutral) involving someone with whom the participant had an ongoing relationship. With regard to the distressing interaction, participants were instructed to think of a recent situation during which they became “very angry and upset.” For the neutral interaction, participants were asked to think of a recent situation about which they “felt mostly neutral, and had neither unpleasant nor pleasant feelings.” Participants were asked to imagine each of these interactions and describe in detail the events surrounding them (including the other person(s) involved, the environment in which they took place, and their feelings and thoughts during the interactions). This interview (which lasted approximately 30 minutes) was recorded and used to generate a personalized script of either a recent distressing interpersonal interaction, or a recent neutral interpersonal interaction. Specifically, the recorded information was distilled to create a 1-minute script describing both the context in which the situation occurred and the participant’s emotional, physical, and cognitive responses in the second person and present tense (52, 54, 55). These scripts formed the basis of the experimental manipulation, with participants randomly assigned to receive either the distressing or neutral interpersonal script. All scripts were recorded by the same female experimenter to ensure consistency. This procedure has been found to reliably induce emotional responses across a range of populations (54-58). 
2.2.3. Laboratory Measure of Emotional Willingness 
The Computerized Mirror-tracing Persistence Task (MTPT-C) (59, 60) was used to assess the willingness to experience emotional distress. For this task, participants were required to trace a red dot along the lines of a star using the computer mouse; however, the mouse was programmed to move the red dot in the reverse direction. To further increase the difficulty of this task (and its resultant frustration), moving the red dot outside of the lines of the star or stalling for more than two seconds caused a loud buzz to sound and the red dot to return to the starting position. Participants were informed that although they could end the task at any time by pressing any key on the computer, their performance on the task would influence how much money they received (providing an incentive to perform well on the task). The task continued until participants terminated the task, or the 7-minute maximum duration was reached. Consistent with past research (see references [61, 62]), willingness to experience emotional distress was indexed as latency in seconds to task termination. 
In support of its construct validity, the MTPT-C has been shown to induce emotional distress in the form of anxiety, frustration, and irritability (e.g., see references [61, 62]), and to be significantly correlated with another behavioral measure of the willingness to experience distress (i.e., the PASAT-C) (see references [61-64]). Further, providing evidence for its convergent and predictive validity, the unwillingness to experience distress on the MTPT-C has been found to be heightened among substance users with (vs. without) both BPD (61) and ASPD (64), and to predict early treatment dropout among substance users in residential treatment (63). Finally, providing evidence that MTPT-C latency to termination scores are not simply a measure of skill level or emotional distress in response to the task, neither emotional distress in response to the task nor the number of errors per second on the MTPT-C has been found to be significantly associated with latency to task termination (61, 62, 64). 
2.2.4. Laboratory Measures of Physical Pain Tolerance 
Two laboratory measures of physical pain tolerance were used in the present study, the Cold Pressor Task (CPT) and Algometer Task. The CPT was used to provide a baseline assessment of physical pain threshold and tolerance, and the algometer task was used to assess physical pain tolerance during the experimental session. Two different measures of physical pain tolerance were included to ensure the novelty of the pain tolerance task utilized in the experimental session, as well as to protect against possible practice effects or confounds that may be introduced with repeated assessments of these tasks (65). Further, given evidence that the pain induced by different physical pain tolerance tasks is not necessarily the same (65, 66), the order of these tasks was fixed (rather than counterbalanced) across sessions, ensuring that any observed differences in pain tolerance would not be confounded by group-specific differences in responses to the two tasks. The algometer task was chosen to assess physical pain tolerance during the experimental session, as this task was thought to provide a better proxy for the type of pain experienced during DSH than the CPT.  

For the CPT, a plastic container with a screen partition in the middle was filled with ice water at a temperature of 33 ± 1o Fahrenheit. Consistent with past studies (67-69), participants were asked to immerse their non-dominant hand in the ice water, keeping it still and their fingers pointed toward the bottom of the container. Participants were instructed to keep their hand submerged in the water for as long as they could, but informed that they could remove it at any time if the pain became too uncomfortable. The task continued until participants removed their hand from the ice water or 5 minutes elapsed (participants were not informed of the maximum duration prior to beginning the task). Consistent with past research using the CPT (19, 67, 69), latency in seconds to report initial feelings of discomfort from the ice water was used as an index of physical pain threshold, and latency in seconds to terminate the CPT (by withdrawing one’s hand from the water) was used as an index of physical pain tolerance. The CPT has been found to have excellent reliability and validity (70, 71).
With regard to the algometer task, this study utilized a handheld pressure algometer (commercially available through Wagner Instruments, P.O. Box 1217, Greenwich, CT 06836, USA) consisting of a force gauge fitted with a 1-cm diameter rubber tip. The gauge is calibrated in Newtons with a range to 20kg x 200g. This instrument was applied perpendicular to the middle of participants’ non-dominant palm at a constant rate of pressure of .5kg per second. Consistent with past studies (see references [72-74]), participants were instructed to indicate when they first perceived pain due to the pressure increase, as well as when they deemed the pain too uncomfortable to continue (at which time the pressure was immediately discontinued and the task terminated). Latency in seconds to indicate initial feelings of pain was used as an index of pain threshold, and latency in seconds to terminate the algometer task was used as an index of physical pain tolerance. The reliability of the pressure algometer as an assessment of pain threshold and tolerance has been well established (75), with Reeves et al. (76) reporting a high reliability for the instrument both between and within examiners (see also reference [77]). 
2.2.5. Negative Affect Assessments 
Participants completed the negative affect subscale of the Positive and Negative Affect Scales (PANAS-NA) (78) at four different time points throughout the experiment to assess negative affect at baseline and following the interpersonal script, MTPT-C, and algometer task. Specifically, participants were asked to rate the extent to which they were currently (“right now, in the present moment”) experiencing 10 forms of negative affect on a scale from 1 (very slightly or not at all) to 5 (extremely). These ratings provided a manipulation check and were used to assess reactivity to both the interpersonal script and the MTPT-C. The PANAS has been found to demonstrate good reliability and validity (78).  
2.3. Procedure
This study involved an initial assessment session and an experimental session, conducted on separate days (see Figure 1 for the order of procedures for these sessions). All procedures were reviewed and approved by the university’s Institutional Review Board (IRB). 
2.3.1. Initial Assessment Session 
After providing written informed consent, participants completed a brief questionnaire packet (including the DSHI), followed by the semi-structured interview and the CPT. Participants were reimbursed $5 for this session and scheduled for the experimental portion of the study. Prior to the experimental session, participants were randomly assigned to receive either the distressing or neutral interpersonal script. 
2.3.2. Experimental Session 
Upon arrival to the laboratory, participants completed measures of BPD and depressive symptoms. Participants were then informed that they would be listening to a taped script of one of the events they described in the first session, following which they would immediately complete a computer game (the MTPT-C). In order to ensure that the MTPT-C followed the experimental manipulation immediately, participants were provided with the instructions for the task prior to listening to the distressing or neutral script. 
Immediately before listening to the script, participants completed the PANAS-NA (providing a baseline assessment of negative affect) and were then instructed to get into a comfortable position and imagine the tape-recorded situation as if it was actually occurring. The experimenter then began the tape and left the room. The tape included a 1-minute narrative of the interpersonal interaction (distressing or neutral), followed by instructions to sit quietly and imagine the situation as vividly as possible. Following a 1-minute visualization period, participants completed the PANAS-NA (to assess reactivity to the script), and then began the MTPT-C. Immediately after the MTPT-C ended, participants again completed the PANAS-NA (providing an assessment of MTPT-C reactivity). Participants then completed the algometer task, followed by the final PANAS-NA. Of note, given our interest in examining physical pain tolerance in the context of distress (which is more relevant to DSH), the MTPT-C and algometer task were not counterbalanced across participants (ensuring that participants in both conditions completed the algometer under some level of distress). 
Once the experimental procedure was completed, participants were guided through a brief relaxation exercise (designed to alleviate any lingering distress). Participants were then fully debriefed about the purpose of the study and provided with a list of coping strategies for managing distress. All participants (regardless of their performance on the MTPT-C) were reimbursed $15 for participation in this part of the study. 

3. Results

3.1. Preliminary Analyses

A series of t-tests and chi-square analyses were conducted on demographic characteristics to determine equivalence across group (DSH vs. non-DSH) and condition (distressing vs. neutral). Results indicated no significant differences in racial background, gender, education, marital status, or income across group or condition (ps > .10), and all effect sizes were small (ηp2s < .02, contingency coefficients < .20). Moreover, although DSH participants were significantly younger than non-DSH participants (19.30 ± 1.73 vs. 20.04 ± 1.73, respectively, p < .05), the effect size associated with this difference was small (ηp2 < .05) and none of the dependent variables was significantly associated with age. Thus, this variable was not included as a covariate in the primary analyses (79). 
With regard to the dependent variables, the willingness to experience emotional distress (as indexed by MTPT-C latency to termination scores) was not significantly associated with any demographic (including age, gender, racial background, and income; ps > .10) or clinical (including depressive symptoms, BPD symptoms, and lifetime DSH frequency; ps > .10) characteristics. In addition, MTPT-C latency to termination scores were not significantly associated with negative affect at baseline (p > .05), in response to the interpersonal script (p > .10), or in response to the MTPT-C (p > .10), nor were they significantly associated with changes in negative affect from baseline to post-manipulation (r = .05, p > .10). Findings that MTPT-C latency to termination scores were not significantly associated with negative affect in response to the interpersonal script or MTPT-C itself provide further support for the construct validity of this measure, suggesting that latency to termination scores assess the willingness to experience emotional distress, rather than the amount of distress experienced. Finally, although MTPT-C latency to termination scores were not associated with pain threshold during the CPT (r = .05, p > .10), they were associated with pain tolerance during this task (r = .20, p < .05). Thus, pain tolerance during the CPT was included as a covariate in analyses of the willingness to experience emotional distress on the MTPT-C. 
Likewise, physical pain tolerance (as indexed by latency to terminate the algometer task) was not significantly associated with age, racial background, or income (ps > .09), nor was it significantly associated with depressive symptoms, BPD symptoms, or lifetime DSH frequency (ps > .10). However, latency to terminate the algometer task was significantly associated with gender (r = .55, p < .001), with men demonstrating greater pain tolerance than women (t = 6.33, p < .001). Further, although latency to terminate the algometer task was not significantly associated with negative affect at baseline or in response to the MTPT-C (ps > .10), it was significantly associated with negative affect in response to the interpersonal script (r = .21, p < .05), as well as pain threshold and tolerance on the CPT and pain threshold on the algometer task (rs > .21, ps < .05). Therefore, negative affect in response to the interpersonal script, pain threshold and pain tolerance on the CPT, and pain threshold on the algometer were included as covariates in analyses of physical pain tolerance on the algometer task. 
3.2. Manipulation Check

Providing support for the experimental manipulation, results of a 2 (distressing vs. neutral condition) X 2 (baseline vs. post-manipulation) repeated measures ANOVA for negative affect revealed a significant condition X time interaction, F (1, 93) = 33.85, ηp2 = .27, p < .001, with participants in the neutral condition reporting a significant decrease in negative affect following presentation of the script (t = -3.43, p < .01; due specifically to decreases in ratings of feeling nervous and scared) and participants in the distressing condition reporting a significant increase in negative affect following the script (t = 4.74, p < .001, due to increases in ratings of feeling distressed, upset, guilty, hostile, irritable, and ashamed). Moreover, the group X time interaction was not significant within either condition (Fs < 3.60, ps > .05), indicating that the change in levels of negative affect in response to both the distressing and neutral scripts did not differ across groups, and suggesting that DSH participants did not evidence greater reactivity to the distressing script. Indeed, when controlling for baseline negative affect, negative affect in response to the distressing script did not differ significantly between DSH and control participants (F (1, 45) = 2.11, ηp2 = .04, p > .10).  
Likewise, providing support for the use of MTPT-C latency to termination scores as a measure of the willingness to experience emotional distress, results of a 2 (DSH vs. control group) X 2 (post-manipulation vs. post-MTPT) repeated measures ANOVA for negative affect revealed a significant main effect of time, F (1, 93) = 28.24, ηp2 = .23, p < .001, with participants reporting an increase in negative affect in response to the MTPT-C. Further, the group X time interaction was not significant, F (1, 93) = 1.04, ηp2 = .01, p > .10, indicating that the MTPT-C resulted in a comparable increase in levels of distress for the DSH and control groups.  

Further, providing evidence that all participants completed the algometer task under some level of distress, results of a 2 (DSH vs. control group) X 2 (distressing vs. neutral condition) X 2 (baseline vs. post-MTPT) repeated measures ANOVA for negative affect revealed a significant main effect of time, F (1, 91) = 36.92, ηp2 = .29, p < .001, with participants reporting a significant increase in negative affect following the MTPT-C. Further, neither the group X time interaction (F (1, 91) = 2.44, ηp2 = .03, p > .10) nor the 3-way (group X condition X time) interaction (F (1, 91) = 2.70, ηp2 = .03, p > .10) was significant, indicating that the increase in the level of distress experienced by the DSH and control groups prior to starting the algometer was comparable.1 Importantly, however, allowing us to examine differences in physical pain tolerance as a function of emotional distress, the condition X time interaction was significant, F (1, 91) = 7.50, ηp2 = .08, p < .01 (suggesting that participants in the distressing condition were experiencing more distress at the start of the algometer task than those in the neutral condition).  
Finally, providing support for the use of latency to terminate the algometer task as a measure of physical pain tolerance, findings suggest that the algometer was effective in inducing physical pain. Specifically, participants reported experiencing pain as a result of the algometer after an average of 5.17±1.81 seconds, and all participants reported feeling pain within 12 seconds. Further, pain tolerance on this task ranged from 4.3 to 24.5 seconds, with all participants continuing with the task after the point at which they first experienced pain. Notably, however, participants ranged in their willingness to persist beyond the initial report of pain from less than 1 second to 16 seconds.         
3.3. Primary Analyses
A 2 (group) X 2 (condition) X 2 (gender) ANCOVA (controlling for physical pain tolerance during the CPT) was conducted on MTPT-C latency to termination scores. Consistent with hypotheses, no significant main effects were found for group, F(1,86) = 0.05, ηp2 = .00, p > .10, condition, F(1,86) = 0.00, ηp2 = .00, p > .10, or gender, F(1,86) = 0.03, ηp2 = .00, p > .10. Contrary to expectations, however, results also did not reveal a significant group X condition interaction, F(1,86) = 2.48, ηp2 = .03, p > .10, although a significant 3-way (group X condition X gender) interaction emerged, F(1,86) = 7.65, ηp2 = .08, p < .01 (see Figure 2). Specifically, findings were consistent with hypotheses among women, as DSH participants in the distressing condition demonstrated less willingness to experience emotional distress than control participants and terminated the MTPT-C more quickly than all other groups, whereas DSH participants in the neutral condition demonstrated more willingness to tolerate emotional distress than controls. Interestingly, however, the opposite pattern of results was found for men, with DSH participants in the distressing condition demonstrating greater willingness to experience emotional distress than controls, and DSH participants in the neutral condition demonstrating less willingness to experience emotional distress than controls.2
A 2 (group) X 2 (condition) X 2 (gender) ANCOVA (controlling for physical pain threshold and tolerance during the CPT, negative affect in response to the interpersonal script, and pain threshold on the algometer task) was conducted on latency to terminate the algometer task. Consistent with past literature, findings indicated a significant main effect of gender, F(1,81) = 7.00, ηp2 = .08, p < .05, with men demonstrating higher physical pain tolerance than women. No significant main effects were found for condition, F(1,81) = 2.67, ηp2 = .03, p > .10, or group, F(1,81) = 1.57, ηp2 = .02, p > .10. However, results did reveal a significant group X condition interaction, F(1,81) = 5.13, ηp2 = .06, p < .05, with DSH participants in the distressing condition evidencing the highest pain tolerance (see Figure 3).3  Contrary to the findings for MTPT-C latency to termination scores, the 3-way (group X condition X gender) interaction was not significant, F(1,81) = 3.29, ηp2 = .04, p > .05.
4. Discussion

The present study adds to the literature on the processes related to DSH, examining the relationships between DSH and two mechanisms emphasized in the theoretical and clinical literature: an unwillingness to experience emotional distress and physical pain tolerance. Specifically, this study examined whether young adults with recent DSH demonstrate less willingness to tolerate emotional distress and greater tolerance for physical pain than controls without a history of DSH, and additionally assessed the moderating role of interpersonal distress in these associations. Results provide preliminary experimental evidence for heightened physical pain tolerance among self-harming individuals only under conditions of interpersonal distress. In our design, the algometer may have served a similar function as DSH, with self-harming participants showing greater tolerance for physical pain after experiencing interpersonal distress (but not under neutral conditions; consistent with past research on pain tolerance among BPD patients, see reference [17]). As such, these findings provide preliminary support for theories that physical pain may function differently among young adults with and without DSH, and, in particular, may be used by self-harming individuals to distract from emotional pain. 
Findings also provide some support for a gender-specific association between DSH and the unwillingness to experience emotional distress, highlighting the relevance of this mechanism to women. Specifically, consistent with clinical and theoretical literature highlighting the wide variability in emotional functioning among self-harming BPD patients (13), findings suggest that the unwillingness to experience emotional distress among women with DSH may be context-dependent. In particular, consistent with Baumeister et al.’s (23) ego-depletion model, self-harming women evidenced less willingness to experience emotional distress only under conditions of depleted regulatory capacity (e.g., following an interpersonal stressor). Such findings may help explain the inconsistent findings in the literature with regard to the association between DSH and the unwillingness to experience emotional distress, and suggest the importance of continuing to examine the particular conditions under which self-harming women are more likely to demonstrate emotional unwillingness and other emotion-related deficits.  
Interestingly, in contrast to the findings for women, men with DSH showed greater willingness to experience emotional distress following exposure to the distressing (vs. neutral) interpersonal cue. These findings may be indicative of gender differences in the role of emotional unwillingness in DSH (with this mechanism being more relevant for women), consistent with past evidence of gender differences in the factors associated with DSH (11). Indeed, past studies have suggested that the emotion-related factors found to be associated with DSH among women are not always relevant to DSH among men (thought to be due, in part, to gender differences in emotion socialization) (31). For example, contrary to the findings for women (8, 9), emotional inexpressivity has not been found to be associated with DSH among men (31), suggesting that the expression of emotions may not be a protective factor for men in the same way that it appears to be for women. Given evidence that gender role norms limit the social acceptability of emotional expressivity among men (80), emotional expressivity among men may conflict with socialization demands, potentially leading to masculine gender role stress and related difficulties. In a similar way, emotional unwillingness could play a different role in the DSH of women and men, with other emotion-related factors such as emotional nonacceptance or difficulties controlling impulsive behaviors when distressed being more relevant to DSH among men (see reference [81]). 
Alternatively, these findings could also be an artifact of our experimental design, reflecting that we inadvertently tapped into masculine gender role stress. Specifically, given evidence that DSH is associated with shame among individuals in general (6), as well as the fact that DSH is still widely considered to be a behavior much more common among women (and, as such, may violate masculine gender role norms), self-harming men may be particularly prone to shame. Thus, following exposure to a distressing interpersonal cue (which may have further violated masculine gender role norms and increased feelings of shame), self-harming men may have approached the MTPT-C not as a stressor but as an opportunity to perform well and, consequently, to decrease their shame (or, alternatively, as a distraction from the more personally-relevant and “vulnerable” negative emotions induced by the interpersonal cue).  
Although our results speak to the role of two potential mechanisms underlying DSH among female and male young adults, findings are preliminary and must be evaluated in light of the study’s limitations. First, although the sample size as a whole was adequate, this study involved a relatively small sample of men, limiting the generalizability of the results and requiring replication of these findings in larger samples of young adult males. Further, this study utilized a between-subject design to examine the moderating role of interpersonal distress in the associations between DSH and the willingness to experience emotional distress and tolerate physical pain (in order to maintain the novelty of the laboratory tasks and prevent confounds associated with a practice effect). Although this design allowed us to examine differences in the mechanisms of interest between self-harming individuals under distressing and neutral conditions, it does not permit an examination of within-participant differences as a function of interpersonal distress. In order to provide further support for the context-dependent nature of the willingness to experience emotional distress and physical pain tolerance among self-harming individuals, future studies should employ within-subject designs to examine whether emotional willingness and physical pain tolerance change as a function of an individual’s emotional state. 
Further, there may be limitations associated with the ecological validity of the MTPT-C as a method for inducing distress. Specifically, this task may not have had enough personal relevance for participants to capture the full extent of their unwillingness to experience emotional distress and/or to accurately reflect the ways in which they would respond to emotional distress on a daily basis, outside of the laboratory (see reference [82]). Nonetheless, it is important to note that the MTPT-C did induce emotional distress among both groups of participants, resulting in a comparable increase in levels of distress for the DSH and control groups (which is a particularly important design consideration when examining differences in the willingness to experience emotional distress). Moreover, from a translational research perspective, limitations associated with the ecological validity of a task are of lesser concern to the extent that the task provides a reliable and valid method for assessing the basic processes of interest (see reference [82]). 

Finally, it is important to note that participants themselves chose the distressing interpersonal interaction that formed the basis of the experimental manipulation, introducing variability into the manipulation. To limit this variability, future studies should incorporate the use of standardized laboratory-based procedures for inducing interpersonal distress. In particular, social rejection paradigms may have promise in this regard, providing an ecologically-valid interpersonal stressor found to be relevant to both self-harming individuals and nonclinical young adult samples alike (see references [2, 25, 83]). However, it is important to note that participants exposed to the distressing script did report a significant increase in negative affect, suggesting that the experimental manipulation was effective in eliciting distress. Furthermore, and perhaps more importantly, the level of distress induced by the experimental manipulation did not differ between groups, suggesting that our findings of between-group differences in the willingness to experience emotional distress and tolerate physical pain are not due to the greater reactivity of the DSH participants to the distressing script.         
Despite the aforementioned limitations, the results of this study have implications for improving our understanding of the mechanisms underlying DSH in young adults. The findings provide initial empirical support for heightened physical pain tolerance under conditions of emotional distress among young adults with DSH, and suggest that self-harming individuals may use the physical pain provided by DSH to distract from emotional pain. Further, findings highlight the relevance of a context-dependent unwillingness to experience distress to DSH among women in particular. Specifically, our results suggest that self-harming women may demonstrate an unwillingness to experience emotional distress when in a state of depleted regulatory capacity, increasing the likelihood of DSH following exposure to an interpersonal stressor. These findings have important clinical implications, suggesting the utility of teaching self-harming women skills for tolerating emotional distress under conditions of depleted regulatory capacity specifically (e.g., following exposure to personally-relevant emotionally-evocative cues or situations). Indeed, teaching self-harming women to tolerate emotional distress within a variety of different emotional contexts and under different conditions may increase the likelihood that these emotion regulation skills will generalize to situations outside of therapy. 
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Footnotes

1The pattern of findings remains the same when examining changes in negative affect from post-manipulation to post-MTPT.

2The pattern of findings did not change when BPD symptoms and depressive symptoms were included as covariates in the ANCOVA.

3The pattern of findings did not change when BPD symptoms and depressive symptoms were included as covariates in the ANCOVA. 
Figure Captions

Figure 1
Order of procedures for the initial assessment and experimental session 

Figure 2
Interactive effect of group (DSH vs. non-DSH), condition (distressing vs. neutral), and gender (female vs. male) on the willingness to experience emotional distress, as indexed by latency in seconds to terminate the MTPT-C (N = 95)

Figure 3
Group (DSH vs. non-DSH) by condition (distressing vs. neutral) interaction for physical pain tolerance, as indexed by latency in seconds to terminate the algometer task (N = 95)
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