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Abstract Difficulty with effective emotion regulation is a

central feature of major depressive disorder (MDD). Cor-

relational evidence suggests that people with MDD expe-

rience elevated levels of irritability and anger, although

few studies have experimentally tested this idea. The cur-

rent study examined emotional reactivity across self-report

(anger ratings), behavioral (task persistence), and physio-

logical (heart rate, skin conductance) domains in response

to a standardized, frustrating task in young adults with

MDD (n = 74) and without MDD (n = 107). A secondary

goal was to determine whether regulating emotional

response with reappraisal, acceptance, or no instruction

mitigated emotional reactivity across these domains. Peo-

ple with MDD responded with greater self-reported anger,

lower galvanic skin conductance, and less task persistence

(i.e., lower distress tolerance) than non-MDD individuals.

Emotion regulation strategy did not differentially attenuate

emotional responses between MDD groups. Instructions to

accept emotions increased anger for all participants com-

pared to reappraisal and no strategy instructions. Results

confirm that enhanced anger reactivity and poor distress

tolerance are present in MDD compared to healthy con-

trols. However, additional work is needed to further

develop and implement strategies that help people with

MDD manage their emotional reactivity and enhance dis-

tress tolerance.

Keywords Depression � Anger � Emotion regulation �
Distress tolerance

Introduction

Emotion regulation has been defined as a combination of

complex processes by which individuals are able to influ-

ence, either consciously or unconsciously, the intensity and

duration of their emotional experience (Gross 1998, 2007).

Emotions can become dysregulated when their experience

or expression has either negative psychological (e.g.,

greater intensity or duration of negative emotion) or

physiological (e.g., elevated heart rate and hypertension)

consequences (Gross 1998).

Major depressive disorder (MDD), characterized by

persistent and severe levels of sadness and anhedonia, has

been conceptualized as a disorder of emotion regulation

(Campbell-Sills and Barlow 2007; Gross and Muñoz 1995;

Kovacs et al. 2008; Kring and Werner 2004). Although

sadness is often considered the hallmark emotion experi-

enced during depression, an abundance of literature sug-

gests that anger and irritability is also concomitantly

experienced by depressed individuals (e.g., Benazzi 2005;

Luutonen 2007; Perlis et al. 2005). Examining anger

expression in depression is important because anger has

been associated with greater depression severity, increased

suicide risk, lowered self-esteem, employment maladjust-

ment, poorer interpersonal relationships, and worsened

health outcomes (e.g., Williams et al. 2001; Conner et al.

2004; Perlis et al. 2005). Thus, people with MDD and

elevated anger may be at particularly high risk for negative

outcomes.

There is evidence that depressed mood may potentiate

anger responses. In a naturalistic study where mood/
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emotion ratings were collected at random times throughout

the day, highly dysphoric individuals displayed greater

anger responses to their daily experiences, as well as longer

persistence of their negative moods (Wenze et al. 2009).

This is consistent with a laboratory study that found stably

dysphoric individuals responded with twice as much anger

following two different frustrating tasks than non-dys-

phoric individuals. The dysphoric group also demonstrated

lower distress tolerance (i.e., behavioral persistence on the

frustrating task) than the non-dysphoric group (Ellis et al.

2010).

Unfortunately, there are no experimental studies spe-

cifically examining anger reactivity in clinically depressed

individuals. Experimental studies are important because

they allow for the assessment of anger reactivity to a

standardized stressor—this helps ensure that all partici-

pants are responding to a highly similar event and controls

for the nature and intensity of the stressor. In addition, no

studies to date have examined anger reactivity in MDD

across self-report, physiological and behavioral domains.

Further, no studies have identified which strategies may be

most beneficial to depressed individuals when they are

actively regulating their emotional response.

Difficulties with anger reactivity in clinical depression

may be due, in part, to an inability to access or effectively

utilize adaptive emotion regulation strategies (Gratz and

Roemer 2004; Ehring et al. 2010; Aldoa et al. 2010). For

example, psychopathology such as MDD has been more

strongly associated with the use of maladaptive emotion

regulation strategies (e.g., rumination, suppression, worry

and avoidance) than adaptive strategies (see Aldoa et al.

2010 for review). Such adaptive strategies include emo-

tional acceptance and cognitive reappraisal, both of which

are central features of successful treatments for depression

(e.g., Beck 1976; Hayes et al. 1999), and may be potential

strategies to reduce anger potentiation and increase distress

tolerance in MDD.

Acceptance of emotions involves allowing emotions to

occur without judgment and without attempting to alter or

suppress them once generated (e.g., Hayes et al. 1999; Segal

et al. 2004). Acknowledging, understanding and expressing

emotions has demonstrated beneficial effects on emotion

responding (i.e., reduction of anxiety and sadness), physi-

ology (e.g., heart rate), and pain tolerance (Low et al. 2008;

Stanton et al. 2000; Roche et al. 2007; Hayes et al. 1999;

Masedo and Esteve 2007; Pàez-Blarrina et al. 2008). In

depressed individuals specifically, acceptance has been

shown to demonstrate its salutary effects in reducing neg-

ative emotional response following a recovery period,

despite initial increases in negative mood following

instructions to accept (e.g., Liverant et al. 2008; Campbell-

Sills et al. 2006a, 2006b). Further, in recent study using

partially remitted depressed individuals, treatment focusing

on acceptance of emotions (specifically, Mindfulness Based

Cognitive Therapy), resulted in less emotional reactivity

compared to a comparison group (Britton et al. 2012).

Based on these findings, use of acceptance during

an emotionally evocative situation may reduce anger reac-

tivity, decrease physiological response, and increase dis-

tress tolerance (i.e., behavioral persistence) for a frustrating

task.

Another promising candidate is cognitive reappraisal.

Cognitive reappraisal allows for new/different interpreta-

tions of the meaning or relevance of an emotionally

evocative stimulus or event (Gross 2001; Gross and John

2003). Reappraisal, both when provided as a strategy, as

well as when subjectively endorsed as an emotion regula-

tion strategy (i.e., high use of reappraisal on self-report

measures), has been found to successfully reduce negative

affect, attenuate anger reactivity, and contribute to more

adaptive cardiac patterns (Gross and John 2003; Mauss

et al. 2007; Memedovic et al. 2010). Finally, reappraisal,

compared to acceptance or suppression, was recently

shown to increase task persistence and reduce anger

response following an anger induction in individuals with

moderate levels of state anger (Szasz et al. 2011). Given

these results, reappraisal may be a viable strategy for the

attenuation of anger reactivity and increasing task persis-

tence in MDD.

The current study primarily sought to examine whether

MDD individuals show dysregulated emotion reactivity to a

frustrating task across three domains—self-reported emo-

tion reactivity, behavioral persistence, and physiological

reactivity to the task. In this study, behavioral persistence is

being conceptualized as distress tolerance—an individual’s

ability to engage and continue in the pursuit of a goal,

despite being affectively activated with negative emotions

(Roemer et al. 2009; Bornovalova et al. 2012; Brown et al.

2002). We hypothesized that MDD individuals would dis-

play greater emotion reactivity and shorter task persistence

than non-MDD individuals.

Second, although both acceptance and reappraisal

influence emotional responses, their direct effects on anger

reactivity and task persistence remain unknown in MDD.

Further, there have been no direct comparisons of these

strategies between MDD and non-disordered individuals to

determine usage effectiveness (e.g., Liverant et al. 2008;

Campbell-Sills et al. 2006a, b). Given this, the second

exploratory aim was to determine whether use of specific

emotion regulation strategies helps to mitigate any

observed difficulties across the three domains in MDD

individuals. We expected that an attempt to regulate

emotions using either strategy would be more beneficial

than no-strategy in both MDD and non-MDD participants.
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Methods

Study Design

MDD and non-MDD individuals were randomly assigned

to one of three emotion regulation conditions (acceptance,

reappraisal, or no-instruction) prior to completing a frus-

trating laboratory task, a computerized variant of the

Mirror Tracing Persistence Task (MTPT-C; Strong et al.

2003). The MTPT-C has been commonly used in the

literature as a behavioral index of distress tolerance and

has been demonstrated to increase anger. Change in

emotion from baseline to post-task, time to task termi-

nation, and physiological changes experienced during the

MTPT-C were primary outcome variables. Depression

status and emotion regulation strategy condition were

included as moderators of outcome.

Participants

Participants (N = 181) were recruited over multiple years

from the university community and surrounding area

through flyers and the psychology undergraduate research

pool. All interested individuals were first screened for

presence of high or low levels of depression using the

short-form of the Beck Depression Inventory (BDI-SF).

Those who scored above a 10 or below a 4 on this measure

were invited to the lab to participate. Presence or absence

of MDD was confirmed with a diagnostic interview. The

MDD group (N = 74) met diagnostic criteria for a current

major depressive episode and had no history of bipolar

disorder or psychosis. The non-MDD group (N = 107) had

no current Axis I pathology, nor a history of bipolar dis-

order or psychosis, and was considered a healthy control.

MDD groups (i.e., MDD vs. non-MDD) differed in BDI-

II total and age but did not differ in gender or ethnicity.

However, entering age as a covariate had no substantive

impact on our primary outcomes, so its effects are not

reported any further. Additionally, within the MDD group,

results were not influenced by either the presence of an

additional Axis I disorder (present in 58 %) or medication

usage (present in 12 %);1 thus, these analyses are also not

reported further. Demographic information is presented in

Table 1. Participants recruited from the research pool were

compensated with research credit, and individuals from the

community were paid $20 for participation.

Materials

Structured Clinical Interview for DSM-IV Diagnoses

(SCID)

The Structured Clinical Interview for the DSM-IV Diag-

noses—Patient Version (First et al. 1998) was used to

determine a primary diagnosis of unipolar depression or no

history of depression and diagnoses that would disqualify

participants from the study. Diagnosticians were trained

with over 30 h of SCID training and involved watching

videos, role-playing, and rating previously recorded inter-

views. Each interview for the current study was audio

recorded. Approximately 46 % (30 MDD and 53 non-

MDD) of SCID interviews were randomly selected and

evaluated by an independent rater who was blind to diag-

nosis to assess inter-rater reliability. Inter-rater reliability

for MDD diagnosis was very good (j = 0.95).

Beck Depression Inventory-Short Form (BDI-SF)

This is a shortened version of the BDI with 13 questions

and has been shown to have satisfactory reliability in a

college sample (a = 0.78) (Gould 1982). This assessment

was used to screen individuals for depression symptom

severity. At the request of our Institutional Review Board,

the suicidality item of the BDI-SF for this screening

assessment was omitted.

1 After selecting for individuals in the MDD group, individuals were

grouped as yes (n = 26) or no (n = 45) for the presence of an

additional Axis I disorder. A 2 (Axis I: yes or no) 9 3 (condition) 9 2

(time) mixed plot ANOVA was conducted to explore the effects of

comorbidities on anger reactivity. Results indicated that individuals

who had a comorbid disorder did not differ from those who were

exclusively experiencing a major depressive episode in their anger

responses over time. Thus, the interaction of Axis I 9 time was non-

significant, (F (1, 65) = 0.01, p = 0.92, g2 = 0.00). Further, there

were no condition effects, and the time 9 Axis I 9 condition

interaction was also non-significant, (F (2, 65) = 0.30, p = 0.74,

g2 = 0.01). For distress tolerance, the effect of an additional Axis I

Footnote 1 continued

disorder was also non-significant, F (1, 72) = 0.39, p = 0.53,

g2 = 0.01. The interaction of condition 9 Axis I disorder was also

non-significant, F (2, 72) = 0.61, p = 0.54, g2 = 0.02, indicating

that additional Axis I diagnoses did not moderate distress tolerance.

Within the MDD group, individuals were grouped into those who

are currently taking anti-depressants (n = 9) and those who are not

(n = 62). A 2 (anti-depressant use: yes or no) 9 3 (condition) 9 2

(time) mixed plot ANOVA was conducted to explore the effects of

medication on anger reactivity. Results indicated that individuals who

were taking anti-depressants did not differ from those who were not in

their anger responses over time. Thus, the interaction of medication

use 9 time was non-significant, (F (1, 66) = 0.12, p = 0.73, partial

g2 = 0.00). Further, there were no condition effects, and the time 9

medication use 9 condition interaction was also non-significant,

(F (2, 66) = 2.86, p = 0.10, partial g2 = 0.04). For distress toler-

ance, the effect of medication use was also non-significant, F (1,

67) = 0.07, p = 0.79, partial g2 = 0.00. The condition 9 medication

use interaction was also non-significant, F (2, 67) = 0.65, p = 0.53,

partial g2 = 0.02.
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Profile of Mood States Short Form (POMS-SF)

The anger-hostility subscale from this measure was utilized

for analyses. The subscale included 12 adjectives which

participants use a 5-point Likert scale to indicate their

current mood state. Examples of adjectives are angry,

resentful, annoyed, and furious. The short-form subscales

correlate highly with the original POMS (Curran et al.

1995). Internal consistency was good at baseline

(a = 0.88) and excellent post-task (a = 0.92).

Demographics

All participants completed a demographics form that

included age, gender, and ethnicity.

Physiological Assessments

Physiology was monitored throughout the duration of the

experimental procedures. Data were obtained using a

Biopac MP 150 system and processed with Acqknowledge

v3.9 software (Biopac Systems Inc., Santa Barbara, CA).

Heart Rate

Electrocardiographic activity (ECG) was recorded with a

Biopac ECG100C Electrocardiogram amplifier (Biopac

Systems Inc., Santa Barbara, CA). Ag–AgCl electrodes were

placed on the right wrist and left ankle. ECG activity was

sampled at 1,000 Hz and was averaged during each epoch.

Skin Conductance

Skin conductance levels (SCL), converted to uMho, were

obtained using the Biopac GSR100C (Biopac Systems Inc.,

Santa Barbara, California) electrodermal activity amplifier

with Ag–AgCl electrodes placed on the middle segment of the

middle and pointer fingers. Signals were digitized at 1,000 Hz

and submitted to a 0.05-Hz high-pass filter before analysis.

Outliers

Physiological data from baseline and task completion were

initially examined for outliers. Stem-and-leaf plots for

heart rate (HR) and skin conductance (SCL) were gener-

ated. These plots revealed one significant outlier that was

greater than three standard deviations above the mean

within the heart rate data. This individual was removed

from analyses.

Frustrating Task

Mirror Tracing Persistence Task-Computerized Version

(MTPT-C)

Developed by Strong et al. (2003), this computerized ver-

sion of the Mirror Tracing Persistence task has been shown

to be difficult and frustrating (Quinn et al. 1996). Addi-

tionally, it has been used in previous research to increase

participants’ stress level, blood pressure and pulse rate

(Matthews and Stoney 1988; Tutoo 1971). People with

elevated depressive symptoms respond to this task with

greater anger reactivity and lower distress tolerance (Ellis

et al. 2010).

The MTPT-C required participants to move a red dot

along the lines of different geometric shapes presented on a

computer monitor with a computer mouse. The mouse was

programmed to move the red dot in the opposite direction

of physical movement of the mouse. Moving the computer

mouse down and to the left resulted in the red dot moving

up and to the right on the computer screen. In this way, the

task simulated tracing an object that is viewed in a mirror.

During the third and most difficult level of the task, par-

ticipants are given an unlimited amount of time to trace the

shape. Mistakes or tiny deviations off of the line resulted in

loud buzzing and having to begin the level again. They are

also told that they may discontinue the task by pressing a

key on the keyboard. Distress tolerance was measured as

Table 1 Demographic

information of participants

No statistically significant

differences between depression

groups were observed for

gender or ethnicity (ps [ 0.30).

Groups significantly differed

(ps \ 0.01) in BDI-II total and

age

MDD Non-MDD Significance test

n 74 107

BDI-II (SD) 31.19 (7.68) 10.07 (7.69) F = 269.18, p = 0.00

Age (SD) 22.63 (7.80) 19.00 (3.48) F = 17.72, p = 0.00

Gender 66 % Female 65 % Female v2 = .09, p = 0.30

Ethnicity v2 = 4.91, p = 0.96

Asian (%) 19 24

African American (%) 8 6

White (%) 49 45

Hispanic (%) 18 23

Other (%) 6 2
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time to task termination on the third shape. No incentives

were provided to encourage persistence.

In the distress tolerance data, time to termination was

examined for outliers. One case was identified as an overly

influential outlier in post-estimation plots (i.e., this case

was an outlier in a fitted values versus residuals plot and a

leverage versus squared residuals plot) and was thus

removed from the distress tolerance analyses. Further,

given the non-normal distribution (Shapiro–Wilk:

W = 0.64, p = 0.00) of the distress tolerance data, data

were log10 transformed. This transformation normalized

the distress tolerance data (Shapiro–Wilk: W = 0.99,

p = 0.10). Transformed values were used in analyses.

Emotion Regulation Strategies

Reappraisal (RP)

Consistent with instructions used by Gross (1998), reap-

praisal instructions encouraged a detached and technical

view of the MTPT-C. They were told that the task was

being pilot tested for technical changes for an upcoming

study. Specifically they were instructed, ‘‘Please try to take

an unemotional and detached attitude towards the task so

that this doesn’t bias the feedback you’ll give us when

you’re finished. We’ll be soliciting your input on the

technical aspects of this task.’’

Acceptance (AC)

Consistent with Low et al. (2008), participants were told to

accept their emotions and experience them without nega-

tively evaluating them or interpreting them as threatening

or bad as they completed the MTPT-C. Specifically, they

were instructed: ‘‘Emotions are normal, healthy and tem-

porary reactions that may cue what is important to you in

life. Accept and experience those feelings without judg-

ment or evaluation.’’

No-Instruction (NI)

Participants received the standard MTPT-C instructions.

Manipulation Check

Strategy utilization and efficacy was assessed using a

2-item author-constructed scale for each active condition.

Responses were given for the items using a 5-point Likert

scale with anchors of ‘‘Not at All’’ to ‘‘Very Well.’’ One

item assessed participants’ subjective ability to implement

their strategy. That is, how well they were able to accept

their emotions or to take a detached and technical view of

the task. The second item assessed participants’ opinion on

the perceived effectiveness of the strategy on reducing their

emotional response.

Procedure

Participants who successfully completed screening and

provided informed consent then participated in a SCID

interview to determine current depression status (MDD vs.

Non-MDD). Individuals who met study criteria following

the interview completed a series of questionnaires. Elec-

trode pads were then fitted to participants and they were

given a 10-min acclimation period. They were seated in a

comfortable chair, placed in front of a computer monitor

with the mouse placed next to their dominant hand, and

electrode pads were connected to the recording equipment.

A baseline period then began with instructions to clear their

mind of all thoughts, feelings, and memories and to relax.

This baseline period lasted 5-min and subjective emotion

and physiology served as the pre-task assessment. Partici-

pants were then randomly assigned to one of three emotion

regulation conditions: reappraisal, acceptance, and no

strategy. They were then given instructions for the mirror

tracing task tailored to their condition. Physiological data

were continuously collected throughout the frustrating task.

A post-task assessment of subjective emotion was also

obtained followed by the manipulation check. Participants

were debriefed, thanked, and dismissed from the study. The

Internal Review Board at the University of Texas approved

all procedures.

Results

Preliminary Analyses

Assessment of Manipulation

Across MDD groups, both the acceptance (M = 3.40,

SD = 1.12) and the reappraisal (M = 3.27, SD = 1.19)

conditions were rated similarly for ease of usage. A uni-

variate analysis of variance was used to explore MDD

group differences within each emotion regulation strategy

condition. For the acceptance condition, analyses revealed

non-significant depression group effects in ability to use

acceptance (F (1, 66) = 0.87, p = 0.36). However, MDD

groups differed in effectiveness ratings, F (1, 53) = 10.21,

p = 0.00. Despite being equally able to use acceptance as

instructed, depressed individuals rated it less effective than

non-depressed individuals. For reappraisal, MDD groups

did not differ on ability to remain detached or on the

effectiveness for reducing distress, (F (1,51) = 2.16,

p = 0.15 and F (1, 53) = 0.22, p = 0.65, respectively).
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Skill Level

On the MTPT-C, the first two levels are completed under

timed conditions. During the second level, participants’

skill level was assessed with number of errors (i.e., times

dot moved off the line). An ANOVA revealed a non-sig-

nificant effect for MDD group status on number of errors

for the second geometric shape, F (1, 167) = 1.88,

p = 0.17. Thus, any observed group differences for emo-

tional response or task persistence are unlikely due to

differences in skill level.

Primary Analyses

Emotional Reactivity

Anger A 2 (MDD group: MDD, non-MDD) 9 3 (condi-

tion: no instruction, acceptance, reappraisal) 9 2 (time:

pre, post) mixed plot ANOVA revealed significant main

effects of time, F (1, 171) = 94.91, p = 0.00, partial g2 =

0.36, MDD group status, F (1, 171) = 31.97, p = 0.00,

g2 = 0.16, and condition, F (2, 171) = 3.20, p = 0.04,

partial g2 = 0.04. In addition, an MDD group 9 time

interaction (F (1, 171) = 5.14, p = 0.03, partial g2 = 0.03)

and condition 9 time interaction, F (2, 171) = 3.42,

p = 0.04, partial g2 = 0.04, were observed. The time 9

MDD group 9 condition interaction was non-significant,

F (2, 171) = 1.40, p = 0.25, partial g2 = 0.02. Means and

standard deviations for primary outcomes are listed in

Table 2.

To decompose the condition 9 time interaction, first the

effect of condition on anger was examined at each time

point. There were no significant differences in anger

between emotion regulation conditions pre-task (F (2,

176) = 1.17, p = 0.31). However, a significant effect for

condition was observed at post-task (F (2, 180) = 3.27,

p = 0.04). Follow-up comparisons indicated significant

differences between the acceptance condition and the

no-instruction condition (p = 0.03) and between the

acceptance condition and the reappraisal condition

(p = 0.02). Participants in the acceptance condition reported

the highest levels of anger compared to the other two con-

ditions. No differences in anger were revealed between the

reappraisal condition and the no-instruction condition

(p = 0.77; see Fig. 1).

For the MDD 9 time interaction, the effect of MDD on

anger at each time point was first examined. Follow-up

comparisons indicated pre-task and post-task MDD group

differences in anger (pre: F (1, 175) = 24.36, p = 0.00,

partial g2 = 0.12; post: F (1, 179) = 27.91, p = 0.00,

partial g2 = 0.14). The MDD group had significantly

higher anger before and following the mirror tracing task

than the non-MDD group. However, even when controlling

for pre-task anger, the MDD group reported significantly

more post-task anger than the non-MDD group (F (1,

174) = 4.28, p = 0.04, partial g2 = 0.02). Within each

MDD group, follow-up analyses revealed significant

effects of time for both the MDD (F (1, 70) = 48.44,

p = 0.00, partial g2 = 0.41) and non-MDD individuals

(F (1, 105) = 41.93, p = 0.00, partial g2 = 0.29), indi-

cating that the mirror tracing task significantly increased

anger over time, particularly for the MDD group (see

Table 2). In sum, the MDD group reported significantly

higher levels of anger following the MTPT-C compared to

the non-MDD group, even after controlling for differences

in anger prior to the task. Emotion regulation strategy did

not differentially affect anger reactivity across MDD

groups.

Physiological Emotional Reactivity

To see if the emotion regulation strategies differentially

affected the MDD groups’ physiological emotional reac-

tivity to the MTPT-C, a 2 (time: baseline, during task) 9 2

Table 2 Means (standard

deviations) of baseline and post-

MTPT-C assessments for MDD

groups

MDD Non-MDD

Baseline Post Baseline Post

Anger 6.31 (7.45) 12.07 (9.97) 2.11 (3.80) 5.49 (6.80)

HR (b/min) 77.01 (11.89) 76.19 (15.00) 77.69 (11.23) 75.41 (11.49)

SCL (uMho) 9.84 (6.80) 12.62 (7.44) 13.82 (8.76) 17.80 (9.96)

Fig. 1 Mean changes in anger reactivity between the emotion

regulation strategies from baseline to post-task. Error bars represent

standard error
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(MDD group: MDD, non-MDD) 9 3 (condition: control,

acceptance, reappraisal) mixed plot ANOVA was con-

ducted for each physiological index (HR and SCL).

Heart Rate For heart rate, a significant effect of time,

F (1, 163) = 5.09, p = 0.03, partial g2 = 0.03, indicated

that both groups displayed a significant reduction in HR

during the task (see Table 2 for means and standard devi-

ations). A non-significant MDD group status, F (1, 163) =

0.01, p = 0.94, partial g2 = 0.00, and a non-significant

emotion regulation condition status, F (2, 163) = 0.45,

p = 0.64, partial g2 = 0.01, were also observed. The

interaction of time 9 MDD (F (1, 163) = 0.69, p = 0.41,

partial g2 = 0.00), time 9 condition (F (2, 163) = 0.36,

p = 0.70, partial g2 = 0.00), and time 9 condition 9

MDD (F (2, 163) = 0.46, p = 0.63, partial g2 = 0.00)

were all non-significant. Thus, heart rate decreased simi-

larly across all conditions.

Skin Conductance Analyses revealed a significant effect for

time, F (1, 163) = 177.90, p = 0.00, partial g2 = 0.52, with

general increases in SCL from baseline during the task. A

significant effect for MDD group status, F (1, 163) = 11.76,

p = 0.00, partial g2 = 0.07, and a non-significant effect for

emotion regulation condition, F (2, 163) = 0.34, p = 0.71,

partial g2 = 0.00) were observed. Further, a significant

interaction between time and MDD group status, F (1, 163) =

5.32, p = 0.02, partial g2 = 0.03 was also revealed. The time

9 condition and time 9 MDD 9 condition interaction effects

were both non-significant (F (2, 163) = 0.19, p = 0.83,

partial g2 = 0.00; F (2, 163) = 1.98, p = 0.14, partial

g2 = 0.02, respectively).

Follow-up analyses of the MDD and time interaction

examined the effect of time on skin conductance within

each MDD group. Analyses revealed significant effects of

time for both the MDD (F (1, 67) = 75.12, p = 0.00,

partial g2 = 0.53) and non-MDD individuals (F (1,

100) = 127.36, p = 0.00, partial g2 = 0.56), indicating

that the mirror tracing task significantly increased SCL

across the two MDD groups. Further, follow-up compari-

sons between MDD groups within each time period indi-

cated pre-task and during-task MDD group differences

(pre-task : F (1, 167) = 10.02, p = 0.00, partial g2 = 0.06;

during-task: F (1, 168) = 13.38, p = 0.00, partial

g2 = 0.07). Specifically, the MDD individuals had lower

skin conductance pre-task and during the task than non-

MDD individuals (see Table 2). This difference in skin

conductance during the task remained when controlling for

pre-task SCL, (F (1, 168) = 3.68, p = 0.057, partial

g2 = 0.02)0.2 Thus, the MDD group had lower skin

conductance at baseline and showed less change in con-

ductance during the MTPT-C compared to the non-MDD

group.

Distress Tolerance

To examine the effects of MDD and emotion regulation

strategy on distress tolerance, a 2 (MDD group: MDD, non-

MDD) 9 3 (condition: control, acceptance, reappraisal)

univariate analysis of variance was conducted with time to

terminate the MTPT-C task as the dependent variable.

Analyses revealed a non-significant effect of condition

(F (2, 170) = 1.82, p = 0.17, g2 = 0.02), a significant

effect of MDD status (F (1, 170) = 7.58, p = 0.01,

g2 = 0.04), and a non-significant interaction of condition

9 MDD status (F (2, 170) = 1.27, p = 0.28, g2 = 0.02).

Thus, the emotion regulation strategies did not differen-

tially affect distress tolerance. However, analyses indicate

that the MDD individuals terminated the task more quickly

than non-MDD individuals, suggesting lower tolerance for

frustration (see Fig. 2).

Effects of MDD and Anger on Distress Tolerance

Linear regression analyses examined the effects of MDD

group, anger reactivity (post task minus baseline) and the

interaction of MDD group and anger reactivity on task per-

sistence.3 The results of the entire model explained 10 % of

the variance in distress tolerance, F(3, 172) = 6.04,

p \ 0.001. The MDD group by anger reactivity interaction

was significant (b = -0.41, b = -0.44, t = -3.51, p =

0.001). Specifically, anger reactivity was strongly inversely

associated with persistence on the MTPT-C among the MDD

Fig. 2 Mean time to termination (log transformed values and

standard errors) during the MTPT-C of depressed and non-depressed

individuals

2 During task differences between MDD groups also remained when

controlling for time to termination (p = 0.059).

3 Although MDD groups did not differ on overall skill level during

the MTPT-C, we considered it as an important covariate of our

interaction effect (i.e., MDD 9 anger reactivity) on task persistence.

When skill was included in the model, additional variance was

explained, (R2 = 0.37, F (4, 168) = 23.7, p \ 0.001). The MDD

group by anger reactivity interaction remained significant (b =
-0.03, b = -0.30, t = -2.81, p = 0.01).
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group—higher anger reactivity was associated with lower

task persistence. In contrast, non-MDD individuals dis-

played an increase in task persistence as anger increased

(Fig. 3).

Discussion

The current study examined anger reactivity, distress tol-

erance, and physiological reactivity in individuals with and

without current MDD. We also assessed the effectiveness

of emotion regulation strategies across experiential, phys-

iological and behavioral assessments. Results indicated that

MDD individuals responded to the frustrating MTPT-C

task with greater anger reactivity and gave up more quickly

than non-MDD individuals. Results also revealed smaller

changes in skin conductance in response to this task in

currently depressed individuals.

This study builds upon prior work in a number of ways.

First, prior work revealed greater anger reactivity and lower

distress tolerance in a small analog sample of individuals in

a stably dysphoric mood (Ellis et al. 2010), whereas the

current study included a large number of participants who

were diagnosed with MDD. Second, the current study

included a physiological level of analysis, which allowed

for examination of an additional component of emotional

reactivity. Given the importance of replication (e.g., Yong

2012) and that the current study involved a relatively large

sample of participants (Maxwell 2004), difficulties with

anger reactivity and distress tolerance appear to be a reliable

aspect of depression. Confirmation of this finding may be

the most important aspect of this study.

These results were partially inconsistent with recent

theoretical conceptualizations of emotion reactivity in

MDD. The Emotion Context Insensitivity (ECI) hypothesis

(e.g., Rottenberg and Gotlib 2004) describes attenuated

self-reported emotional responses in depression to both

positive and negative stimuli (see Bylsma et al. 2008, for

review). However, the current results suggest that height-

ened anger reactivity, rather than blunted, may be a critical

aspect of depression, especially in situations of frustration

or stress. In line with this, individuals with MDD have

reacted with potentiated negative affect to stressful daily

events compared to non-MDD participants (Myin-Germeys

et al. 2003). Rottenberg et al. (2005), however, identified

several (untested) instances when heightened emotion

reactivity may occur and highlighted both anxiety and

anger as potentially elevated emotions. Taken together,

these findings suggest that the ECI theory may require

further modification to accommodate enhanced anger

reactivity to frustrating situations in MDD.

Potentiated anger may be particularly important given

that the data suggested that increased emotion reactivity

affected behavioral responding. In the MDD group,

increased anger predicted shorter task persistence indicat-

ing that depressed individuals’ lack of persistence may be

due to difficulties tolerating negative emotions. In fact, the

MDD group’s pre-task anger was higher than the post-task

anger exhibited by the non-MDD group, which further

suggests difficulties tolerating intense negative emotions in

MDD and may suggest that depressed individuals also have

difficulty regulating naturally occurring anger, as shown by

differences before the task. Similar associations have been

documented in a non-clinical sample between low distress

tolerance and anger (Hawkins et al. in press), but this is the

first study to document such a strong association in cur-

rently depressed individuals.

Further, relative to healthy individuals, MDD individu-

als displayed an impulsive reaction (i.e., terminating the

task) in response to extreme negative emotions, while non-

MDD individuals did not. This pattern is consistent with

the construct of negative urgency (e.g., Cyders and Smith

2008), which describes the tendency to display rash action

in response to negative emotions, and may provide the first

evidence of such a style in MDD compared to those

without MDD. Taken together, these findings suggest that

distress tolerance, especially in MDD, may involve the

interplay of (1) the tolerance for negative or distressing

emotions (e.g., Simons and Gaher 2005) as well as, (2) the

behavioral component of task persistence, in spite of neg-

ative affect (e. g., Roemer et al. 2009; Bornovalova et al.

2012; Brown et al. 2002). Future work should aim to

measure both of these concepts simultaneously.

Although the MDD group displayed greater anger

reactivity than the non-MDD group, physiological reac-

tivity to the MTPT-C appeared to be blunted, which is

consistent with ECI. Depressed individuals had lower skin

conductance at baseline and had a smaller increase in skin

conductance during the task than non-depressed

Fig. 3 Predicted values of distress tolerance (with 95 % CIs) across

anger change for MDD and non-MDD individuals
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individuals. Depression has often been associated with

autonomic nervous system dysregulation with greater

sympathetic and weakened parasympathetic responses,

especially in cardiac activity (Lahmeyer and Bellur 1987;

Lehofer et al. 1997; Byrne et al. 2010; Kibler and Ma 2004;

Zuckerman et al. 1968). This suggests that heightened

sympathetic responses (i.e., higher heart rate) may be

expected in MDD. However, heart rate was similar for

individuals with and without MDD. In general, HR

decreased during the MTPT-C task. Although seemingly

counterintuitive, prior work suggests that as task difficulty

increases or as individuals become more focused, heart rate

decreases (e.g., Albus et al. 1987; Carroll et al. 2007)

implying that participants were actively engaged in the

task. Interestingly, despite heart rate decreases, skin con-

ductance levels have been found to increase with task

difficulty (e.g., Elliott 1969), as was observed in our

sample in both the MDD and non-MDD groups, with

smaller change observed in MDD. Future work should

explore possible reasons for this physiological dissociation

between heart rate and skin conductance reactivity in

MDD. Nevertheless, this study is the first to document

blunted physiological reactivity to a frustrating task in

MDD, in spite of significantly higher subjective arousal.

Emotion Reactivity and Emotion Regulation Strategy

Effectiveness

Acceptance, reappraisal, and no-instruction conditions

were compared to assess their effectiveness for reducing

anger. Emotion regulation strategy was not moderated by

MDD status across all outcomes (anger reactivity, physi-

ology, and behavioral task persistence), indicating that

there were no differences in strategy effectiveness between

MDD and non-MDD individuals. In fact, both groups

reported ability to use acceptance and reappraisal ‘‘mod-

erately well’’.

Similar findings have been documented when depression-

recovered individuals were compared to never depressed

individuals in ability to benefit from an emotion regulation

strategy (reappraisal) when shown a sad film clip (Ehring

et al. 2010). In that study, both groups had similar emotional

reactivity when provided with reappraisal instructions

(Ehring et al. 2010). As such, these results support the idea

that impairments in depressed and depression vulnerable

individuals’ emotion regulation may not be due to difficul-

ties utilizing emotion regulation strategies that are provided

(e.g., Gratz and Roemer 2004). Continued examination of

the utilization of emotion regulation strategies, both when

provided or when spontaneously used, in MDD is warranted

(e.g., Aldoa et al. 2010), as the MDD group reported greater

anger reactivity and lower distress tolerance across emotion

regulation conditions. Identifying emotion regulation

strategies (and how to best implement them) that effectively

attenuate these responses is an important future direction for

this line of work.

Although no differences emerged between depression

groups for the effect of manipulated strategy, significant

differences in anger response emerged between strategies.

Acceptance was least effective for reducing anger. Both the

reappraisal and no-instruction conditions resulted in lower

post-task anger than the acceptance condition, which resul-

ted in significantly higher anger after the mirror-tracing task.

These results are consistent with recent findings which

demonstrated significantly greater anger following a mirror-

tracing task in individuals who were instructed to accept their

emotions than individuals who were instructed to reappraise

their emotions, following an angry mood induction (Szasz

et al. 2011). These findings are also in line with work doc-

umenting initial increases in negative affect following

instructions to accept emotions (e.g., Liverant et al. 2008).

Although there is strong support for acceptance based

practices (e.g., Acceptance and Commitment Therapy;

Hayes et al. 1999; Mindfulness Based Cognitive Therapy;

Teasdale et al. 2000) for treating and preventing psycho-

pathology, the acute effects of acceptance are less consis-

tent. Many of the studies documenting the effectiveness of

acceptance are treatment outcome studies with repeated

exposure to acceptance-based techniques (e.g., Britton

et al. 2012). In the current study, as well as previously

noted studies (e.g., Szasz et al. 2011; Liverant et al. 2008),

individuals were given a set of instructions only once. This

discrepancy suggests that practice may be an integral

component to the effectiveness of acceptance, especially

because acceptance has been shown to be difficult to

manipulate through simple instructions (e.g., Marcks and

Woods 2005; Hayes et al. 1999). Additionally, in the cur-

rent study, the effects of acceptance were only examined

immediately following the emotional experience. It is

possible that salutary effects of acceptance may have

occurred at a later time point (e.g., Liverant et al. 2008).

Further, there were no differences between emotion reg-

ulation strategies in task persistence, which is contrary to

recent findings indicating that reappraisal was more effective

for increasing task persistence than acceptance or suppres-

sion following an angry mood induction (Szasz et al. 2011).

This may be due to differences in the populations (clinical vs.

non-clinical) and conditions (i.e., use of no-strategy in the

current study) between the studies. It may also indicate that

distress tolerance is a difficult component of emotion regu-

lation to examine in the laboratory. In fact, in a recent review

of distress tolerance and psychopathology, Zvolensky et al.

(2010) highlighted the paucity of research exploring effec-

tive methods to promote change in distress tolerance.

Although our study was one of the first to attempt to

identify strategies that increase depressed individuals’
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tolerance in the moment, the strategies (and the manner in

which they were implemented) were ineffective. It may be that

altering distress tolerance requires a combination of skills,

rather than just one strategy. For example, in a recent ran-

domized control trial, distress tolerance was improved by

implementing a treatment consisting of a number of strategies

including acceptance, distraction, and interpersonal skills (see

Bornovalova et al. 2012). Improvements in distress tolerance

may arise from the simultaneous usage of a number of regu-

lation strategies. Future research should continue to investi-

gate these mechanisms of change for distress tolerance given

its prevalence in a number of psychopathologies.

Limitations

Several limitations should be noted. First, our observed

effect sizes were small, so caution should be employed in

interpreting these results. Second, we utilized a convenient

student sample for the majority of recruitment. Thus, the

generalizability of findings to less educated or older adults

is limited; however, all participants completed a carefully

administered psychiatric diagnostic assessment, with the

MDD group meeting full criteria for a major depressive

episode. Next, exclusion criteria for depressed individuals

were minimal. We only excluded individuals with a history

of bipolar disorder or psychosis and we allowed medication

usage. Although this may reduce specificity, it increases

the generalizability of the findings. Importantly, analyses

suggested that the presence of an additional Axis I disorder

and medication did not influence results. Further, individ-

uals with a remitted depression were not excluded from the

control group, which may be considered a limitation. The

literature, however, has robustly supported a mood-state-

dependent view of emotion reactivity difficulties in MDD

(e.g., Rottenberg et al. 2005), suggesting that individuals

with a history of depression would respond similarly to

never depressed individuals, and should be included.

Other important considerations involve the potency of

the strategy manipulations and ways to further increase their

impact. This is especially essential given the small effect

sizes observed in the current study. One possibility involves

altering instructions to target the baseline mood state (i.e.,

pre-frustrating task mood). In the Szasz et al. (2011) study,

participants were induced into an angry mood and encour-

aged to utilize emotion regulation strategy to reduce the

induced mood, not the emotions experienced during the

task, as was the case in the present study. Instructing par-

ticipants to reappraise or accept their current baseline mood

state (e.g., sad mood in MDD participants) rather than

directing them to use these strategies during the frustrating

task may have increased the efficacy of these strategies.

Another possibility for increasing strategy potency would

be to provide ample time to practice. This may be particularly

important for some forms of emotion regulation such as

acceptance (Marcks and Woods 2005; Hayes et al. 1999).

Further, it may help to have guidance in the process of prac-

ticing to increase mastery of these regulation techniques.

Implementing such changes would likely increase the potency

of these emotion regulation strategies in future research.

In addition to increasing the potency of our manipula-

tions, the current study may have benefitted from gathering

subjective information from individuals in the no strategy

condition regarding their emotional experience. Specifi-

cally, similar to how a manipulation check assessed the

usability and perceived effectiveness of each strategy, it

would have been interesting to assess both if and how

individuals in the control condition regulated their emo-

tional response. It may be that these individuals used an

undefined emotion regulation strategy spontaneously which

contributed to the lack of differences between control and

the reappraisal conditions. As mentioned previously, it may

be differences in the spontaneous use or access of emotion

regulation strategies that differentiates depressed from non-

depressed individuals.

Finally, although the MTPT-C has been frequently uti-

lized in the literature as a standardized measure of distress

tolerance, it does have limitations. First, conceptually,

behavioral measures that induce emotional distress may be

tapping the construct of frustration tolerance, rather than

distress tolerance (e.g., McHugh et al. 2011), which are

often used interchangeably and share considerable overlap.

Given the frustrating nature of the MTPT-C, the current

study may have benefitted from an experimental stressor

more relevant to anger, rather than frustration, to increase

effects. Second, motivation is critical aspect of persistence,

the primary outcome variable in the current study. Future

studies should consider manipulating motivational factors

(e.g., rewards) for task persistence to examine differences

between MDD and non-MDD individuals. Lastly, despite

being a standardized assessment, there is a great deal of

variability in the MTPT-C. Because participants are able to

quit the task when they want, they may quit too early and

not experience the same amount of anger as someone who

continues. Conversely, they may quit because of the amount

of anger being experienced. Although our results point to

the latter as more likely, the inherent variability in using the

task as both a measure of distress tolerance and an emo-

tional reactivity induction may not be ideal.

Summary

According to Gross’s (1998) conceptualization of emotion

dysregulation, emotions are dysregulated when their expe-

rience or expression has negative consequences psycho-

logically, physiologically or behaviorally. Our results

highlight that depressed individuals have difficulties in each
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of these areas. Specifically, increased anger, blunted phys-

iological arousal, and decreased distress tolerance distin-

guished depressed and non-depressed individuals. Thus,

continued work that identifies strategies that mitigate

enhanced anger reactivity observed in MDD, and techniques

for how to best implement these strategies, will be critical

for reducing maladaptive emotional responses in MDD.
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