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Abstract
Emotional reactivity has been theorized to play a central role in borderline personality (BP)
pathology. Although growing research provides evidence for subjective emotional reactivity in BP
pathology, research on physiological or biological reactivity among people with BP pathology is
less conclusive. With regard to biological reactivity in particular, research on cortisol reactivity (a
neurobiological marker of emotional reactivity) in response to stressors among individuals with
BP pathology has produced contradictory results and highlighted the potential moderating role of
PTSD-related pathology. Thus, this study sought to examine the moderating role of PTSD
symptoms in the relation between BP pathology and both subjective (self-report) and biological
(cortisol) emotional reactivity to a laboratory stressor. Participants were 171 patients in a
residential substance use disorder treatment center. Consistent with hypotheses, results revealed a
significant main effect of BP pathology on subjective emotional reactivity to the laboratory
stressor. Furthermore, results revealed a significant interaction between BP pathology and PTSD
symptoms in the prediction of cortisol reactivity, such that BP pathology was associated with
heightened cortisol reactivity only among participants with low levels of PTSD symptoms. Similar
findings were obtained when examining the interaction between BP pathology and the
reexperiencing and avoidance/numbing symptoms of PTSD specifically. Results highlight the
moderating role of PTSD symptoms in the BP-reactivity relation.

1. Introduction
Borderline personality disorder (BPD) is a serious mental illness associated with substantial
economic, societal, and personal costs [1]. Characterized by pervasive dysfunction across
multiple domains, the symptoms of this disorder include marked emotional reactivity,
difficulties controlling anger, unstable relationships and fears of abandonment, identity
disturbance, and suicidal, self-harm, and other self-destructive behaviors [2]. Although the
prevalence of BPD in the general population ranges from 2% [3] to 6% [4], individuals with
BPD are over-represented in psychiatric outpatient settings [5] and are major consumers of
health care resources [6,7].

Although numerous factors have been implicated in the development of BPD (including
impulsivity, interpersonal sensitivity, and a fragile or disorganized self-structure; see
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[8,9,10,11]), most theories highlight the centrality of emotional reactivity to the
pathogenesis of this disorder. Indeed, emotional reactivity, defined as the degree of
emotional response to internal or external stimuli across subjective, physiological, or
expressive domains [12], is a key component of the biologically-based emotional
vulnerability described by Linehan [11] as central to BPD, and is considered to be a “core”
personality trait underlying this disorder [13,5].

Some consistent patterns have emerged in studies of subjective emotional reactivity in BPD
(see [14]). Generally, studies suggest a positive association between borderline personality
(BP) pathology and self-reported emotional reactivity at a trait level (e.g., [15,16]), with
some studies finding higher self-reported trait-level emotional reactivity among participants
with BPD, compared to those without any disorder [17] or without other personality
disorders [18]. Using ecological momentary assessment, participants with BPD have also
been found to have more frequent shifts in negative affect, compared with healthy controls
[19,20], as well as to report greater negative emotional reactivity in response to daily
negative interactions [21,22]. Finally, laboratory-based studies provide further support for
heightened subjective emotional reactivity in BPD (for an exception see [23]), finding
greater self-reported emotional reactivity in response to laboratory stressors among patients
with (vs. without) BPD [24] and individuals high (vs. low) in BP pathology [25].

Research on physiological or biological reactivity among people with BP pathology is less
conclusive, with studies providing evidence for both hyper- and hypo-reactivity within BPD.
With regard to physiological reactivity, one study found evidence for lower sympathetic
nervous system reactivity (as evidenced by skin conductance responses) among individuals
with BPD, compared to healthy controls [26]. However, other studies have found evidence
for heightened sympathetic reactivity in BPD when controlling for the effects of dissociation
[27]. For example, Ebner-Priemer and colleagues [27] found that women with BPD and low
levels of state dissociation exhibited enhanced startle responses, in comparison with reduced
startle evident among women with BPD and high levels of dissociation. Still other studies
have found no differences in physiological reactivity between BPD and control groups
[17,28,29].

As for research on biological reactivity in BPD, increasing attention is being paid to cortisol
responses, a well-established neurobiological marker of emotional reactivity [30,31].
Specifically, abnormalities in cortisol levels, both in general and in response to laboratory
stressors, are considered to reflect hypothalamic-pituitary-adrenal (HPA) axis dysfunction
[31] – an area of dysfunction proposed to be central to BPD (e.g., [32,33,34]). Mirroring the
inconclusive evidence for autonomic reactivity in BPD, however, the small body of
literature on HPA axis dysfunction in BPD reveals mixed results, with some studies finding
hyper-suppression of cortisol in response to the dexamethasone suppression test (DST;
[35]), others finding within-BPD group differences in cortisol levels (with one subset of
BPD patients evidencing hypo-suppression of cortisol and another evidencing hyper-
suppression of cortisol [36]), and still others finding that cortisol levels do not differentiate
between BPD and other psychiatric disorders [37,38].

Research on cortisol reactivity in response to stressors among participants with BPD has
likewise produced contradictory results. For example, one preliminary study found no
differences in cortisol reactivity among women with BPD (compared to healthy controls) in
response to a conflictual discussion with their mothers [39]. Another study examining
cortisol reactivity in response to a standardized psychosocial stressor [40] found that BPD
participants (vs. healthy controls) demonstrated cortisol hypo-reactivity. Finally, another
study examining plasma cortisol reactivity to a standardized psychosocial stressor among
participants with BPD (compared to healthy controls; [41]) found that although the BPD
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group as a whole did not exhibit differential cortisol reactivity compared to the healthy
controls, the BPD participants with high levels of dissociative features demonstrated
heightened cortisol reactivity. Given the inconclusive nature of extant research on cortisol
reactivity to stressors among individuals with BP pathology, it is important to search for
moderators that might clarify the relationship between BP features and cortisol reactivity.

One factor that may account for some of the discrepant findings in this line of research is the
presence of PTSD symptoms among some of the participants with BPD. Given the
considerable overlap and high rates of co-occurrence between BPD and PTSD [42,43,44],
many of the existing studies of cortisol responding in BPD likely included participants with
co-occurring PTSD symptoms. For instance, in the aforementioned study that found cortisol
hypo-reactivity among participants with BPD, one-third of the BPD participants had co-
occurring PTSD [40]. Given mounting evidence that dissociation and other symptoms of
PTSD may attenuate autonomic reactivity among participants with BPD (see [27,45,46]),
the co-occurrence of PTSD symptoms among some participants with BPD could explain the
discrepancies in the literature on cortisol reactivity within BPD. In support of this premise,
one recent study found evidence for heightened startle potentiation in response to
standardized emotional cues among BPD participants only after controlling for state
dissociation [27], a common correlate of both BPD and PTSD (e.g., [47,43]). Similarly,
whereas BPD participants without co-occurring PTSD exhibited startle potentiation in
response to idiographic rejection and abandonment scripts (compared with non-psychiatric
controls), BPD participants with co-occurring PTSD demonstrated attenuated startle
responses [45]. Furthermore, a recent study of overnight cortisol release in BPD found a
negative association between cortisol release and PTSD symptoms [46]. Taken together,
these findings suggest that PTSD symptoms may moderate the relationship between BP
pathology and cortisol reactivity.

Thus, the primary aim of the current study was to examine the association between BP
pathology and both subjective (i.e., self-report) and biological (i.e., cortisol) emotional
reactivity, as well as to explore the moderating role of PTSD symptoms in these relations.
To this end, we examined the interactive effects of BPD and PTSD symptoms on emotional
reactivity to a standardized laboratory stressor among an at-risk sample of substance use
disorder (SUD) patients – a population with elevated rates of both BPD and PTSD
pathology compared to the general population [48,49]. Building on past research, we
hypothesized that BPD symptoms would be associated with greater cortisol and self-report
indices of emotional reactivity. Further, we hypothesized that PTSD symptoms would
attenuate the relationship between BPD symptoms and cortisol reactivity in particular.

2. Method
2.1. Participants

Participants in this study were 171 (68.4% male) SUD patients, consecutively admitted to a
residential SUD treatment facility in central Mississippi. Participants were ethnically diverse
(54% White; 37% African-American), and ranged in age from 18 to 61 (M = 35.25; SD =
9.97). Additional demographic and clinical characteristics are available in Table 1. This
study was approved by a human subjects review committee, and all participants provided
informed consent.

2.2. Measures
2.2.1. BPD symptom severity—To assess BPD symptom severity, we used the
Borderline Evaluation of Severity Over Time (BEST; [50]), a 15-item, self-report measure
of BPD-specific symptom severity, or the degree of impairment from each of the nine BPD
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criteria over the past month. Research indicates that the BEST has adequate test-retest
reliability, as well as good convergent and discriminant validity [51,52]. Specifically, scores
on the BEST have been found to be associated with other self-report measures of BPD
symptoms, as well as to distinguish patients with BPD from control participants [52].
Furthermore, the use of a dimensional measure of overall BPD symptom severity was
considered a strength, given increasing evidence that BPD is best conceptualized as a
dimensional (vs. categorical) construct (e.g., [53,54]). In the present sample, the BEST
demonstrated good internal consistency (α = . 83).

2.2.2. PTSD symptom severity—To assess PTSD symptom severity, participants were
administered the Life Events Checklist (LEC; [55,56]) and PTSD Checklist (PCL; [57]).
The LEC is a 17-item, self-report measure designed to screen for potentially traumatic
events (PTEs) in a respondent’s lifetime. The LEC assesses exposure to 16 PTEs and
includes one item assessing any other extraordinarily stressful event not captured in the first
16 items. To determine whether or not participants met Criterion A traumatic exposure for
PTSD [2], and consistent with past research [58,59], respondents who reported direct (i.e.,
the event happened to them personally) or indirect (i.e., they witnessed or learned of the
event) exposure to at least one PTE were also asked to indicate which of the events was
most traumatic and whether or not they experienced fear, helplessness, and/or horror as a
result. The LEC has demonstrated convergent validity with measures assessing varying
levels of exposure to PTEs and psychopathology known to relate to traumatic exposure [56].

The PCL is a widely used, 17-item, self-report measure of the severity of reexperiencing,
avoidance/emotional numbing, and hyperarousal symptoms experienced in response to a
PTE. In completing the PCL, and consistent with past research [58,59], participants were
instructed to refer to the event they indicated as being most traumatic on the LEC. Using a
five-point Likert-type scale (1 = not at all, 5 = extremely), participants rate the extent to
which each symptom has bothered them in the past month. The PCL has demonstrated
strong test-retest reliability (r = .96) and good construct validity among military, civilian,
and substance-using populations [60,61,57]. Further, the subscales of the PCL demonstrate
high levels of agreement with the Clinician-Administered PTSD Scale [55] – a well-
established and empirically-supported interview-based measure of PTSD (e.g., [62]). Given
evidence that PTSD is best represented as a dimensional construct [63,64,65], participants’
responses to each item on the PCL were summed to provide a total score representing
overall PTSD symptom severity and cluster scores representing the severity of
reexperiencing, avoidance/numbing, and hyperarousal symptoms. Internal consistency in the
present sample was excellent for the total scale (α = .95) and good for all cluster subscales
(αs ≥ .85).

2.2.3. Laboratory stressor—To elicit emotional distress (and facilitate the assessment of
emotional reactivity), this study used a modified version of the Paced Auditory Serial
Addition Task – Computerized (PASAT-C), an empirically-supported laboratory stressor
shown to induce emotional distress in the form of anxiety, frustration, and irritability
[66,67,68]. During this task, numbers are sequentially flashed on a computer screen, and
participants are instructed to sum the most recent number with the previous number (using
the computer mouse to click on the correct answer). After providing each sum, the
participant must ignore the sum and add the following number to the most recently
presented number. When a correct answer is provided, a point is obtained. If an incorrect
answer is provided, or if the participant fails to provide an answer before the next number is
presented, an “explosion” sound is played and the score does not change.

The version of the PASAT-C used in this study consisted of 3 levels with increasingly
shorter latencies between number presentations (Level 1 = 3 seconds; Level 2 = 2 seconds;
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Level 3 = 1 second). Because the correct answer must be provided before the presentation of
the next number to obtain a point, difficulty increases as latencies decrease. The first level
lasted 3 minutes, the second level lasted 5 minutes, and the third level lasted 7 minutes and
included an option to terminate the task at any time. In support of its construct validity, this
task has been shown to induce emotional distress in the form of anxiety, anger, frustration,
and irritability among both nonclinical and clinical samples [24,68], including SUD patients
[69].

2.2.4. Subjective emotional reactivity—In line with the methods used in previous
studies assessing reactivity to the PASAT-C, participants were asked to report on their levels
of anxiety, irritation, and frustration before the task (pre-task) and following exposure to
several minutes of the task (post-task). Each item was rated from 0 to 100, with the average
rating across all three forms of negative affect combined to create a composite subjective
emotional distress variable. The internal consistency of this emotional distress scale in this
sample was adequate (αs = 0.85 at pre-task and 0.75 at post-task).

2.2.5. Biological (cortisol) reactivity—For a subset of participants (see below), saliva
samples were obtained at two time points during the study: (a) immediately before the
PASAT-C, and (b) 20 min following the PASAT-C (given evidence that cortisol levels do
not peak for approximately 20 min following presentation of an emotionally-evocative cue;
see [31,70]). Saliva samples were collected by having participants place a swab under their
tongue for at least 1 min. Once the swab was saturated with saliva, participants were asked
to place the swab into a plastic vial that was then sealed and stored in a freezer. All samples
were assayed in duplicate for salivary cortisol off-site by Salimetrics, LLC using a highly
sensitive enzyme immunoassay (Salimetrics, State College, PA). The test used 25 μL of
saliva per determination, has a lower limit of sensitivity of 0.003 μg/dL, standard curve
range from 0.012 μg/dL to 3.0 μg/dL, an average intra-assay coefficient of variation (CV) of
3.8%, and an average inter-assay CV of 5.1%.

Salivary cortisol data were available for only the subset of participants (n = 127) who: (a)
completed the study after 1:00 pm (to limit the influence of diurnal fluctuations in cortisol
levels), and (b) did not eat, drink caffeine, or smoke in the 60 minutes prior to the study
session (given the influence of caffeine, nicotine, and food intake on cortisol levels; see [70]
for guidelines in assessing cortisol response to acute stressors).

2.2.6. Clinical covariates—Consistent with past studies of inpatient substance users
[71,72], past year severity of alcohol and drug use was assessed through a self-report
measure of the frequency of use of a variety of substances (e.g., alcohol, cannabis, cocaine,
stimulants, opiates) in the past year. Modeled after other well-established, empirically-
supported measures (e.g., the Alcohol Use Disorders Identification Test; [73]), this measure
characterizes frequency of use in a manner consistent with the SUD module of the
Structured Clinical Interview for DSM-IV (SCID-IV; [74]). Responses are summed to create
an overall score representing past year substance use. In support of the measure’s construct
validity, scores on this measure have been found to be associated with a number of
constructs theoretically- and empirically-linked to SUD, including impulsivity [72], emotion
dysregulation [71], and PTSD symptoms. Further, scores on this measure demonstrate
convergence with SCID-IV SUD diagnoses in associations with relevant outcomes [72].
This variable was examined as a potential covariate in subsequent analyses. Internal
consistency in the current study was good (α = 0.90).

We also assessed other factors that may affect cortisol reactivity. Extant research suggests
that demographic characteristics (age, sex, and ethnicity) may be linked with differential
basal cortisol levels and cortisol reactivity [70]. Furthermore, both nicotine and medications
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have also been shown to affect cortisol, and we therefore collected data on nicotine use
(coded as yes or no) and psychiatric medication status (coded as yes or no). These variables
were examined as potential covariates in subsequent analyses.

2.3. Procedures
All procedures were reviewed and approved by the University of Mississippi Medical
Center’s Institutional Review Board. Data were collected as part of a larger ongoing study
examining predictors of residential SUD treatment dropout. To be eligible for inclusion in
the study, participants were required to have a Mini-Mental Status Exam [75] score of ≥ 24
and no psychotic symptoms. Eligible participants were recruited for this study no sooner
than 72 hrs after entry in the facility (to limit the possible interference of withdrawal
symptoms on study engagement). Those who met inclusion criteria were provided with
information about study procedures and associated risks, following which written informed
consent was obtained.

The larger study from which these data were drawn involved two sessions conducted on
separate days (to limit participant burden). All procedures for the current study occurred
during the second assessment session. Specifically, following completion of a battery of
questionnaires (including those noted above), participants were provided instructions for the
PASAT-C. Saliva samples were then collected, following which participants were asked to
rate their current levels of anxiety, irritation, and frustration (providing a baseline
assessment of subjective emotional responses). After this baseline assessment period,
participants completed the PASAT-C. Following completion of the PASAT-C, participants
were once again instructed to rate their current levels of anxiety, irritation, and frustration
(providing an assessment of subjective reactivity to the PASAT-C). Finally, a second saliva
sample was obtained approximately 20 min after the PASAT-C. Participants received $15
for completing this session.

2.4. Planned Analyses
Prior to data analysis, all variables of interest were inspected for non-normality (skew > 3.0,
kurtosis > 10.0; [76,77]). Extremely skewed or kurtotic variables were square root
transformed, consistent with recommended guidelines [78]. In addition, residual plots and
normal quantile plots were examined to assess for multivariate normality. All continuous
predictor variables were grand-mean centered to allow for clearer interpretation of
interactions and to reduce multicollinearity.

Next, we examined the associations of the dependent variables (subjective and biological
emotional reactivity indices) with potential covariates, including age, gender, ethnicity,
smoker status, psychiatric medication status, substance use severity, and baseline emotional
distress. Any variables found to be associated with the dependent variables were included as
covariates in the relevant analyses.

The utility of the PASAT-C as a laboratory stressor was examined using a repeated
measures analysis of covariance (controlling for relevant covariates) examining changes in
subjective emotional distress from pre- to post-task.

To examine the primary question of whether BPD symptoms, PTSD symptoms, and/or their
interaction predict emotional reactivity to the laboratory stressor, we conducted two
hierarchical multiple regression analyses with post-PASAT-C measurements of self-reported
emotional distress and salivary cortisol levels serving as the dependent variables. As stated
previously, given the critical effect of diurnal fluctuations and food, caffeine, and nicotine
intake on cortisol reactivity (see [70]), we restricted our analyses of cortisol reactivity to
those individuals (N = 127) for whom cortisol was collected after 1:00 pm and who did not
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eat, smoke, or drink caffeine within 60 minutes of saliva sample collection. In each of these
models, baseline measurements of self-reported emotions or salivary cortisol, as well as
other identified covariates, were entered in the first step, BPD and PTSD symptoms were
entered in the second step, and the interaction of BPD symptoms and PTSD symptoms was
entered in the final step. Any significant interactions were explored following the methods
described by Aiken and West [79]. First, regressions lines were plotted one standard
deviation above and below mean levels of BPD symptoms and PTSD symptoms, following
which follow-up tests were conducted to test whether the slopes of the regression lines
differed significantly from zero.

3. Results
3.1. Preliminary Analyses

All variables of interest fell within the acceptable range of normality, with the exception of
cortisol levels. The post-PASAT-C cortisol levels exhibited high leptokurtosis (kurtosis =
19.88, SE = .37); thus, we applied a square root transformation to all cortisol variables,
consistent with other research [78,80].

To ensure that the subset of participants with cortisol data were similar in terms of
demographic characteristics to the larger sample, we conducted a series of ANOVAs and χ2

analyses. As expected, these analyses revealed no significant differences between the
samples in age, F(1,169) = 1.73, p = .19, proportion of males, χ2(1) = 1.37, p = .24,
proportion of White race/ethnicity, χ2(1) = 2.31, p = .13, education level, χ2(1) = .67, p = .
41, income, χ2(1) = .59, p = .44, or employment status, χ2(1) = .02, p = .89. Furthermore,
the samples were comparable in terms of psychiatric medication status, χ2(1) = .12, p = .73,
severity of BPD symptoms, F(1,169) = .08, p = .78, severity of PTSD symptoms, F(1,169)
= .08, p = .78, and self-reported emotional distress, F(1,169) = .04, p = .85.

Correlation analyses examining zero-order associations between the dependent variables and
potential covariates revealed a significant association. In regard to subjective emotional
reactivity, self-reported emotional distress in response to the PASAT-C was significantly
associated with substance use severity, r = .24, p <.01. In regard to cortisol reactivity, post-
PASAT-C cortisol levels were significantly associated with baseline self-reported emotional
distress, r = .19, p =.04. No other associations were significant.

3.2. Manipulation check
Providing support for the use of the PASAT-C as a laboratory stressor, results of the
repeated measures analysis of covariance (controlling for substance use severity)
demonstrated a significant effect of time, F (1, 168) = 116.10, p < .01, η2 = .41, with
participants reporting a significant increase in negative emotions from pre-task (M = 23.53,
SE = 1.86) to post-task (M = 48.47, SE = 2.29).

3.3. Self-reported emotional reactivity
The hierarchical multiple regression analysis examining self-reported emotional distress in
response to the PASAT-C was significant, R2 = .25, f 2 = .33, p < .01. BPD symptoms
emerged as a significant predictor of self-reported emotional reactivity, β = .19, p = .02,
whereas PTSD symptoms did not, β = .08, p = .26. The addition of the BPD x PTSD
interaction to the model in the third step did not significantly improve the model, ΔR2 < .01,
Δf 2 < .01, p = .63 (see Table 2).
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3.4. Cortisol reactivity
The hierarchical multiple regression analysis examining salivary cortisol in response to the
PASAT-C was also significant, R2 = .67, f 2 = 2.03, p < .01. The inclusion of BPD and
PTSD symptoms in the second step significantly improved the model, ΔR2= .02, Δf 2 = .06,
p = .02, with BPD symptoms emerging as a significant predictor of cortisol reactivity, β = .
17, p = .01; PTSD symptoms did not emerge as a significant predictor, β = −.08, p = .19.
Furthermore, the addition of the BPD x PTSD interaction in the third step significantly
improved the model, R2= .01, f 2 = .03, p = .047 (see Table 3). Tests of the slopes of the
regression lines (see Figure 1) revealed that the relationship between BPD symptoms and
cortisol reactivity increased in magnitude as PTSD symptoms moved from high (b = −.05, t
= −.48, p = .63) to low (b = .35, t = 3.34, p < .01).

3.5. Exploratory analyses
To examine whether the moderating role of PTSD symptoms in the relation between BPD
symptoms and cortisol reactivity to the PASAT-C was driven by any particular PTSD
symptom cluster, we ran separate hierarchical multiple regression analyses similar to those
above (see section 3.4) for each PTSD symptom cluster (i.e., reexperiencing, avoidance/
numbing, and hyperarousal). The overall model including PTSD reexperiencing symptoms
was significant (R2 = .66, f 2 = 1.94, p < .001), and the BPD x PTSD reexperiencing
symptom cluster interaction emerged as a significant predictor of cortisol reactivity in the
final step of the model, ΔR2= .01, Δf 2 = .03, β = −.12, p = .03. Likewise, the model
including PTSD avoidance/numbing symptoms was significant (R2 = .66, f 2 = 1.94, p < .
001), and the BPD x PTSD avoidance/numbing symptom cluster interaction emerged as a
significant predictor of cortisol reactivity in the final step of the model, ΔR2= .01, Δf 2 = .
06, β = −.12, p = .02. In contrast, the BPD x PTSD hyperarousal symptom cluster interaction
was not a significant predictor of cortisol reactivity, ΔR2=.01, Δf 2 = .01, β = −.07, p = .21
(although the overall model including this symptom cluster was significant; R2 = .65, f 2 =
1.98, p < .001). Tests of the slopes of the regression lines exploring the interactions between
BPD symptoms and both the reexperiencing and avoidance/numbing symptom clusters
revealed a similar pattern to that found with overall PTSD symptom severity, with a
significant relation between BPD symptoms and cortisol reactivity only among participants
with low levels of these particular PTSD symptoms (bs > .37, ts > 3.02, ps <.003).

4. Discussion
The primary aim of this study was to extend research on the relationship between emotional
reactivity and BP pathology by examining both subjective and biological (cortisol) reactivity
to a laboratory stressor and exploring the moderating role of PTSD symptoms in these
relationships. In line with theoretical literature emphasizing the centrality of emotional
reactivity in BPD [13,11], we hypothesized that BPD symptoms would be associated with
heightened subjective emotional reactivity to a laboratory stressor. The findings from the
present investigation supported this hypothesis, in line with past findings of subjective
emotional reactivity among participants with BPD or BP pathology [25,24]. Results of this
study also provide preliminary evidence for the role of PTSD symptoms as a moderator of
the relationship between BP pathology and cortisol reactivity. Consistent with our
hypotheses, BPD symptoms predicted heightened cortisol reactivity to a laboratory stressor
only among participants with low levels of PTSD symptoms. Among participants with
elevated levels of PTSD symptoms, there was no evidence of an association between BPD
symptoms and cortisol reactivity. Notably, the moderating role of PTSD symptoms in the
relation between BP pathology and cortisol reactivity seems to be driven by the
reexperiencing and avoidance/numbing symptoms of PTSD in particular, as only these
symptom clusters emerged as significant moderators of this relation. Together, these
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findings help to clarify some of the contradictory findings in the literature with regard to the
relationship between BP pathology and cortisol reactivity, and are consistent with past
findings suggesting the attenuating effect of PTSD on autonomic arousal and cortisol levels
(e.g., [27,45,46]).

The present study represents an important step forward in research on emotional reactivity in
BP pathology. Given the inconclusive and contradictory nature of extant research on
physiological and biological indices of emotional reactivity in BP pathology (e.g.,
[27,26,17]), the identification of potential moderators of the BPD-reactivity association is
crucial. The present findings also suggest that increasing levels of PTSD symptoms result in
a greater discrepancy between self-reported and physiological reactivity among participants
with BP symptoms. Thus, PTSD symptoms may be one factor contributing to the discordant
patterns of subjective and physiological patterns of arousal evident among participants with
BPD pathology (e.g., [14]).

Several limitations of the present study warrant consideration. First, although the use of a
mixed-gender sample was a strength of this study (given the typical reliance on female
samples within the BPD literature; see [81,82]), it also complicates the interpretation of
cortisol data. In particular, the present study did not control for menstrual cycle, which may
influence cortisol findings [83]. However, it is worth noting that gender was not found to be
associated with cortisol reactivity in our sample. Second, our use of a standardized stressor
may have led to greater heterogeneity of responses to the emotion induction. Given evidence
that individual differences in cognitive appraisals lead to differential HPA axis response
(e.g., [31]), a personalized stressor may provide a more potent and ecologically-valid means
of examining emotional reactivity. Third, our measure of self-reported emotional reactivity
was limited to only a few emotions. Although this confers the advantage of quick
administration with minimal interference with emotion inductions (and included several key
emotions considered to be particularly relevant to BPD and the emotion induction used here,
including anxiety, irritability, and frustration; see [24]), it did not provide a comprehensive
measure of current emotional state. In particular, despite examining reactions across anxiety
and anger-spectrum emotions, this measure did not assess for other emotions theorized to be
central to BPD, including shame [24]. Future studies should examine self-reported reactivity
to this and other emotion inductions across a wider range of negative emotions.

Fourth, given that we did not directly assess state dissociation in this study, the role of
dissociation in the relations examined here remains unclear. Indeed, dissociation is an
associated feature of both BPD and PTSD [47,43], and has been found to attenuate
autonomic reactivity in BPD [27]. However, in the absence of a direct measure of
dissociation, its impact on the interrelations observed here cannot be determined.
Nonetheless, findings that both the avoidance/numbing and reexperiencing symptom
clusters of PTSD moderated the relation between BP pathology and cortisol reactivity
suggest that it may be PTSD symptoms more broadly, rather than dissociation or numbing in
particular, that are responsible for the attenuation of cortisol reactivity in BPD. Fifth,
although the focus on BPD and PTSD symptoms within a substance-using population is
clinically-relevant (as SUD patients have been found to evidence high rates of BPD and
PTSD pathology, as well as heightened levels of emotion-related difficulties; see [48,49]),
the results from this study may not generalize to non-SUD samples. Future research may
benefit from examining the impact of PTSD symptoms on the relationship between BP
pathology and emotional reactivity across diverse samples. Finally, it is important to note
that our assessment of PTSD and BPD was limited to the use of self-report measures, and
confined to PTSD and BPD symptoms, rather than PTSD or BPD diagnoses per se.
Therefore, the extent to which these findings generalize to populations with BPD and PTSD
diagnoses warrants further examination.
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Despite these limitations, the results of this study underscore the importance of emotional
reactivity to BP pathology. The pattern of findings suggests that individuals suffering from
BP pathology may experience not only greater subjective emotional reactivity, but abnormal
cortisol reactivity as well. Furthermore, these results suggest that PTSD symptoms may
obscure emotional reactivity among individuals suffering from BP pathology. Given the
inconclusive nature of many of the studies of biological and psychophysiological indices of
emotional reactivity in BPD [14], future research should examine the role of PTSD
symptoms in moderating the relationship between BP features and emotional reactivity on
other biological (e.g., psychophysiological) markers of emotional arousal.

Nonetheless, the question of why PTSD symptoms blunt emotional reactivity in the presence
of BPD symptoms remains unanswered. Research has identified commonalities between
PTSD symptoms and the behaviors observed among animals exposed to uncontrollable
stressors, termed “learned helplessness” (see [84]). Consistent with this framework, PTSD
symptoms may coincide with a compromised defensive system [45], resulting in blunted
sympathetic responses to stressors. Alternatively, it may be that the ways in which
individuals with PTSD symptoms respond to emotional stressors leads to attenuated stress
hormone reactivity. For instance, PTSD is associated with both dissociation and cognitive
avoidance strategies [85]. Although this was not examined in the present study, within other
samples, dissociation has been linked with hypo-suppression of cortisol [86]. Future
research should examine whether specific strategies associated with PTSD pathology, such
as dissociation, may be linked to blunted stress reactivity among individuals with BP
pathology. Taken together, the present study adds to the literature suggesting a more
nuanced view of emotional reactivity in BPD, and sets the stage for future research aimed at
identifying potential contextual and diagnostic moderators of emotional reactivity within
this population.
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Figure 1.
Interactive effect of borderline personality (BP) symptoms and posttraumatic stress disorder
(PTSD) symptoms on cortisol levels following a laboratory stresso
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Table 1

Demographic and clinical characteristics of the sample.

Variables M (SD) or N (%)

Age 35.25 (9.97)

Female 54 (31.6%)

Race

 White 92 (53.8%)

 Black/African American 63 (36.8%)

 Native American 8 (4.7%)

 Other 8 (4.7%)

Income

 <$9,999 77 (45%)

 $10,000–19,999 26 (15.2%)

 $20,000–29,999 26 (15.2%)

 $30,000–49,999 21 (12.3%)

 >$50,000 18 (10.7%)

Education

 1st–12th grade 50 (29.2%)

 High school graduate or GED 56 (32.8%)

 Some college or Technical school 53 (31%)

 College graduate 7 (4.1%)

 Graduate degree 5 (2.9%)

Marital status

 Married or cohabitating 50 (29.2%)

 Single 121 (70.8%)
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