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Abstract Emotion dysregulation has been associated

with increases in many forms of psychopathology in ado-

lescents and adults. The development of effective emotion

regulation skills is important during adolescence, espe-

cially as stressful life events increase during this time. The

current study examined two emotion regulation strategies,

cognitive reappraisal and affective suppression, in inter-

action with self-report and biological measures of emo-

tional reactivity as predictors of internalizing symptoms. A

community sample of adolescents (n = 127), at an age of

risk for depression and anxiety, completed self-report

measures of emotional reactivity and internalizing symp-

toms. In addition, they completed a modified social stress

task and were assessed on biological measures of reactivity

and regulation. Findings suggested that the trait tendency to

reappraise was associated with a reduced impact of emo-

tional reactivity on depressive, but not anxiety symptoms.

Implications for shared and specific aspects of emotional

reactivity and regulation are discussed.

Keywords Emotion regulation � Cognitive reappraisal �
Cortisol � Emotional reactivity � Depressive symptoms �
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Introduction

A growing body of research has examined the relationship

between emotional processes and psychopathology

(Eisenberg et al. 2010). This examination generally has

focused on risk factors that divert normal developmental

trajectories to those that may lead to maladjustment (Cic-

chetti and Cohen 2006). The ability to regulate emotions

‘‘consists of the extrinsic and intrinsic processes responsi-

ble for monitoring, evaluating, and modifying emotional

reactions, especially their intensive and temporal features,

to accomplish one’s goal’’ (Thompson 1994, pp. 27–28).

Thus, emotion regulation is an ongoing process of an

individual’s pattern of responding to contextual demands

(Aldao 2013). Difficulties with one’s emotional response

can impair functioning and contribute to the development

of psychopathology (for reviews see Cole et al. 1994;

Kovacs et al. 2008; Eisenberg et al. 2010; Yap et al. 2007).

Emotion dysregulation has proven to be difficult to

define, as it has been associated with concurrent measures

of psychopathology and prospective problematic behaviors

and emotional responses (Cole et al. 2004; Keenan 2000;

Mennin et al. 2005). Adding to the intricacy is that emo-

tionality is manifested across multiple systems including

subjective experiences, behavioral responses, and physio-

logical changes (Tracy et al. 2014). Consistent with recent

reviews, the current manuscript considers emotion dys-

regulation to be an umbrella term that captures a prob-

lematic pattern of emotional intensity, duration, and

frequency, and a failure to effectively regulate these

emotions (Gross and Jazaieri 2014). Emotional reactivity

has been characterized as the emotional response to an

event that may vary between individuals in terms of

intensity, the speed at which it reaches peak, and return

from this peak back to baseline (Davidson 1998; Rothbart
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and Derryberry 1981). Emotion regulation has been defined

as the progression of attending to and activating processes

that modulate emotional experiences that can be effortful

or implicit (see Sheppes et al. 2015 for a recent review).

Thus, there is an inherent interplay between emotional

reactivity and subsequent regulation as conceptually dis-

tinct but related constructs.

Emotional reactivity can occur through multiple systems

and differ in intensity and duration between individuals.

Indeed, these differences have been described in prior

research highlighting affective chronometry in measure-

ment of timing of peak response to and recovery from a

stressor (Davidson 1998), and thus, delineating between

these two aspects of response are important. Individuals

who report more intense and labile emotions report more

problem behaviors and more depressive symptoms (Silk

et al. 2003). Emotional reactivity also has been linked to

clinical levels of anxiety (Carthy et al. 2010) and the

development of depressive and anxiety disorders in adult-

hood (McLaughlin et al. 2010). Additionally, the rela-

tionship between one’s perception of stress and

internalizing symptoms may be influenced by physiologi-

cal arousal (Sontag and Graber 2010). Individuals who

biologically reacted more strongly to a social stress task

had higher levels of depressive symptoms over time

(Morris et al. 2012).

Emotion regulation strategies have been shown to help

mitigate the maladaptive response to stress (Moriya and

Takahashi 2013; Vanderhasselt et al. 2014). In his seminal

work, Gross (2001) postulated that emotions trigger

behavioral and physiological processes that can be modu-

lated at various stages. The two broad stages occur prior to

the full emotional response (antecedent-focused) or after

the emotional response is underway (response-focused). In

line with these stages, cognitive reappraisal is an ante-

cedent-focused strategy that changes one’s cognitions at

the outset of an event, whereas expressive suppression

attempts to change one’s emotional experiences by

inhibiting the response (Gross 1998). Numerous studies

have shown that individuals with a tendency to cognitively

reappraise are more effective at regulating their emotions

and tend to experience reduced psychopathology, whereas

expressive suppression is less effective and associated with

higher levels of symptoms (Aldao et al. 2010a, b;

D’Avanzato et al. 2013; Moore et al. 2008). Additionally,

emotion regulation strategies may modulate physiological

responses to stressful tasks (Kim and Hamann 2012; Lam

et al. 2009; Steptoe and Vogele 1986), yet few studies have

examined whether trait cognitive reappraisal modulates the

relationship between one’s biological response to stress and

symptom presentation. A recent meta-analytic review

examined the relationship between emotion regulation

strategies and multiple forms of psychopathology (Aldao

2010b). Results from this review suggest that individuals

with poor regulatory processes exhibit higher levels of

psychopathology in adulthood (Aldao et al. 2010a, b).

The transdiagnostic association between emotional

processes and internalizing symptoms is of particular

importance (Hofmann et al. 2012). Depression and anxiety

disorders are the most prevalent classes of mental illnesses

with high rates of comorbidity (Kessler et al. 2005), which

calls into question the relative shared versus distinct

characteristics of these two common disorders (Cummings

et al. 2014). For example, research has highlighted com-

monalities between generalized anxiety disorder and

depression in terms of symptom presentation, higher order

emotionality, and possible etiological factors (Mennin et al.

2008). Indeed, there are multiple aspects of emotional

processes that relate to both depressive and anxiety disor-

ders, in terms of heightened emotional intensity, poor

emotion understanding, negative reactivity, and maladap-

tive management of emotions (Mennin et al. 2007).

Importantly, heightened emotional reactivity and deficits in

emotion regulation are not only the product of anxiety and

depression, but also a risk factor for these conditions.

Heightened levels of emotional reactivity during young

adulthood have been shown to predict a lifetime course of

both anxiety and depression in a long-term longitudinal

study (McLaughlin et al. 2010). Additionally, emotion

regulation deficits have been shown to predict both anxiety

and depression separately over a five-year period (Berking

et al. 2014; Wirtz et al. 2014). Thus, both emotional

reactivity and poor emotion regulation may directly impact

the development of internalizing symptoms, yet further

examination of emotional processes is needed to elucidate

their nature as shared or distinct risk factors for anxiety and

depression.

The second decade of life is a particularly relevant

developmental period within which to study the relation-

ship between emotion processes and psychopathology.

Adolescence is a period of increased stress (Ge et al. 1994)

and heightened risk for the development of psychopathol-

ogy, especially anxiety and depression (Cicchetti and

Rogosch 2002; Kessler et al. 2005). Adolescence also may

mark an important transition in normative development of

emotional reactivity (Romeo 2010). Some researchers

report that adolescence is a time of significant increases in

emotional reactivity and greater sensitivity to stressors

(Casey et al. 2010; Diener et al. 1985; Somerville et al.

2010; Yap et al. 2007). Additionally, adolescence may be a

pivotal time during which emotion regulation strategies are

particularly needed (Compas 1987) and emotion regulation

may develop in tandem with physical development (Silvers

et al. 2012). Emotion regulation strategies may develop in

part as a result of brain maturation during adolescence

(McRae et al. 2012), suggesting an interplay between
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biological and environmental factors. Indeed, the tendency

to effectively regulate one’s emotions has been shown to

mitigate risk factors for the development of internalizing

symptoms in early adolescence (Ford et al. 2014). The

confluence of developmental processes, increases in envi-

ronmental stressors, and the increased risk for the devel-

opment of psychopathology in adolescence makes studying

emotion regulation strategies as a means to reduce vul-

nerability to psychopathological symptoms in response to

stress particularly important during this period.

Although prior research has advanced our understanding

of the importance of emotional processes in psy-

chopathology, more research is needed to clarify this

relationship, especially during the pivotal period of ado-

lescence. Studies have examined the beneficial effects of

cognitive reappraisal on self-reported symptoms (e.g.,

Garnefski and Kraaij 2006), yet have not examined these

tendencies in combination with measures of emotional

reactivity. Cognitive reappraisal may be particularly

important during times of stress, yet little research exam-

ines the effects of cognitive reappraisal in paradigms that

include a stressor (Hofmann et al. 2009; Troy et al. 2010)

to examine whether the tendency to reappraise modulates

the effects of emotionality on symptom presentation.

Indeed, in their call to advance the field of affective sci-

ence, Tracy et al. (2014) suggest that research should

employ multiple measures of emotional reactivity, focus on

the time course of emotional response including rise and

return to baseline, assess multiple types of emotion regu-

lation, distinguish between reactivity and regulation, and

elucidate disorder-specific patterns of emotional processes.

Taking these suggestions into account, the current study

aimed to examine two emotion regulation strategies, cog-

nitive reappraisal and affective suppression (Aldao et al.

2010a, b; Gross 2001; Gross and John 2003), in interaction

with both self-report and biological (heart rate and cortisol)

measures of stress reactivity as predictors of depressive,

social anxiety, and physical anxiety symptoms in adoles-

cents. Stress reactivity was assessed in response to a

standard social stress paradigm. Consistent with prior

research, we hypothesized that heightened emotional

reactivity and poor emotion regulation skills would be

directly related to higher symptoms. Specifically, we pre-

dicted that higher levels of emotional reactivity, measured

with self-report and biological indicators, would be

directly related to increased levels of both anxiety and

depressive symptoms. Additionally, consistent with prior

work, we predicted that cognitive reappraisal would be

directly associated with decreased symptoms, whereas

affective suppression would be associated with increased

symptoms. Finally, consistent with theories of emotion

(Lazarus and Folkman 1984), we hypothesized an inter-

action between these distinct aspects of emotional

processes. Namely, we predicted that effective emotion

regulation (i.e., tendency to cognitively reappraise) would

moderate the relationship between emotional reactivity and

both anxiety and depressive symptoms, such that emo-

tional reactivity would be associated with lower symptoms

for adolescents with higher trait levels of reappraisal. In

contrast, we hypothesized that less effective emotion reg-

ulation (i.e., affective suppression) would not moderate the

relationship between emotional reactivity and symptoms,

as prior experimental research has shown that expressive

suppression does not modulate the relationship between

arousal and experience of emotion in the short-term (e.g.,

Gross and John 2003).

Methods

Participants and Procedures

Participants in the current study included 127 adolescents

drawn from a larger longitudinal sample initially recruited

from the Philadelphia area when they were 12–13 years old

(See Alloy et al. 2012 for further recruitment information

and inclusion/exclusion criteria). Participants were re-

assessed bi-annually in this larger study. The current

sample was 49 % female, 47 % Caucasian, and on average

15.28 years old (SD = 1 year) at the time of this study. A

series of independent samples t tests and a Chi square test

were conducted to assess potential differences between the

overall sample and the current study sample on demo-

graphic variables (gender, race, and family income). Par-

ticipants in the current study did not differ based on gender

(t = 1.072, p[ .05), race (t = .016, p[ .05), or income

(v2 = 10.39, p[ .05) from the larger sample.

All participants who were scheduled to come back to the

laboratory at 3:00 PM or later during the recruitment

window for the current study were approached about the

inclusion of a new stress task, and those who chose to

participate signed additional written assent (and a parent

signed additional written consent). Research suggests that

the time of day affects cortisol levels (Gunnar and Vazquez

2001; Kudielka et al. 2004); therefore, adolescents only

completed the stress task after 3:00 PM (Mean = 5:07 PM)

in order to standardize assessment times. No other inclu-

sion or exclusion criteria were used. Therefore, participants

had an equal chance of participating in the current study

and were not selected based on additional criteria. After

consenting, participants were brought into the interview

room. During the baseline period, participants were asked

about common factors that influence biological responses

to stress and then completed questionnaires until the

baseline period was over and the additional stress task was

administered.
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Social Stress Task

The Trier Social Stress Test (TSST; Kirschbaum et al.

1993) is a widely used method to elicit a stress response

(Gunnar et al. 2009). The original task was modified for

adolescents with instructions that participants would be

applying for a summer job and to speak about why they

should be accepted. Instead of a 2–3 person audience, a

video camera was placed in front of the participant, and

they were told that their performance would be rated by an

expert panel of judges and that those who performed the

best would get a prize. After a baseline period lasting

between 20 and 30 min, in which participants completed

the consent forms and other measures in this study, par-

ticipants were given instructions for the task. They received

5 min to prepare their speech while alone in the room.

Participants then were asked to stand, face the camera, and

were prompted to speak for 2 min. Standardized prompts

were given to the participants if there were long pauses

(e.g., 20 s), such as ‘‘You still have time remaining, please

continue.’’ After the two min speech, an unexpected

additional task was introduced as participants were asked

to solve a calculation task aloud for 1 min. They were

asked to count backwards from 2083 to zero in 13-step

sequences. They were instructed to calculate as quickly and

correctly as possible and if they made a mistake, the

interviewer would say ‘‘error, 2083’’ and they were asked

to start over. Following this task, participants were told that

the new task was completed and they continued to com-

plete other study measures.

Measures

Biological Reactivity

Biological measurement of the hypothalamic–pituitary–

adrenal (HPA) axis stress response used salivary cortisol,

and discrete measures of heart rate were used to assess

autonomic nervous system (ANS) reactivity. Saliva sam-

ples were collected with salivettes (Sarstedt AG & Co.,

Germany). Participants were instructed to put the salivette

into their mouths for 2 min. While the salivette was col-

lecting saliva, the participant’s ANS was assessed to obtain

a multi-modal measurement of reactivity to stress. The

participant’s heart rate was measured at discrete times

using an Omron BP785 cuff. In addition, as a check on the

subjective stressfulness at each time point, participants

indicated how distressed they felt on a 10-point visual

analog scale.

All saliva samples were labeled and stored frozen.

Samples were assayed for cortisol using a cortisol enzyme

immunoassay kit (Arbor Assays, Ann Arbor, MI) with

intra- and inter-assay coefficients of variation ranging from

6.0–14.7 % and 7.2–10.9 %, respectively. To minimize

variability, all samples from each participant were assayed

within the same assay batch and all samples were tested in

duplicate. Duplicate test values were averaged to create the

cortisol score for that time point, with values in picagrams

per milliliter (pg/mL). Cortisol values that were returned

below the minimum or above the maximum standard curve

of comparison were re-run. If these cortisol samples did not

have a readable value after they were re-analyzed, they

subsequently were not used in analyses (n = 6).

Timing

Biological response to the TSST was assessed at four

time points, but measurement of each system only used

three of these time points (See Fig. 1). As seen in Fig. 1,

both salivary cortisol and heart rate were measured at the

end of the baseline (T1: M = 23.82 min after the par-

ticipant was in the room, SD = 4.41 min). The ANS is

much quicker to respond and recover from a stressor than

is the neuroendocrine system. Therefore, heart rate at T2

(immediately after the stress task) was included to mea-

sure reactivity (T2: M = 16.43, SD = 3.22 min after the

baseline collection). Both heart rate and cortisol were

assessed at 30 min (T3: M = 30.59 min, SD = 1.28 min)

after the TSST. During this time period, the measurement

of HPA axis was aimed at assessing the peak cortisol

reactivity, whereas the measure of ANS was aimed at

assessing heart rate recovery. Finally, cortisol was mea-

sured at 60 min (T4: M = 60.74 min, SD = 2.89 min)

after the TSST to measure HPA recovery. These cortisol

collection times were based on meta-analytic findings

indicating that peak cortisol response occurs 21–40 min

following the onset of a stressor and that complete

recovery occurs within 41–60 min after stressor offset

(Dickerson and Kemeny 2004). Subjective stress

responses were measured at all four time points with the

visual analog scale.

Emotional Reactivity

The Emotion Reactivity Scale (ERS; Nock et al. 2008) was

used to measure trait levels of self-reported emotional

reaction to events. The ERS consists of 21 items used to

assess one’s emotional sensitivity (e.g., ‘‘I tend to get

emotional very easily’’), intensity (e.g., ‘‘I experience

emotions very strongly’’), and persistence (e.g., ‘‘When I

am angry/upset, it takes me longer than most people to

calm down’’). The current study summed scores in each

domain and used a total emotional reactivity score, with

higher scores indicating higher levels of self-reported

emotional reactivity (M = 28.08; SD = 17.73). The ERS

has demonstrated good convergent and discriminant

Cogn Ther Res (2016) 40:328–340 331

123



construct validity, and criterion-related validity (Nock et al.

2008). Internal consistency was a = .95 in the current

study.

Emotion Regulation

The Emotion Regulation Questionnaire (ERQ; Gross and

John 2003) is a 10-item self-report measure of an indi-

vidual’s use of two emotion regulation strategies: expres-

sive suppression and cognitive reappraisal. Expressive

suppression is the tendency to control emotions by not

expressing them and was measured using 4-items (e.g., ‘‘I

keep my emotions to myself’’). Cognitive Reappraisal is

the tendency to control emotions by changing the way one

thinks about the situation and was measured using 6-items

(e.g., ‘‘When I want to feel less negative emotion, I change

the way I’m thinking about the situation’’). Participants

rated each item using a 7-point Likert scale (1 = strongly

disagree; 7 = strongly agree). Each subscale was summed

with higher scores indicating greater use of the strategy

(Cognitive Reappraisal M = 27.58; SD = 6.08; Expres-

sive Suppression M = 14.65; SD = 4.71). The ERQ has

demonstrated high internal consistency and test–retest

reliability (Gross and John 2003). Internal consistency of

Cognitive Reappraisal and Expressive Suppression in the

current sample was a = .74 and .67, respectively.

Depressive Symptoms

The Children’s Depression Inventory (CDI; Kovacs 1985)

is the most widely used self-rating scale of depressive

symptoms in youth. The CDI is designed for use with

7–17 years olds and consists of 27 items reflecting affec-

tive, behavioral, and cognitive symptoms of depression.

Adolescents read a series of three statements (e.g., ‘‘I am

sad once in a while,’’ ‘‘I am sad many times,’’ ‘‘I am sad all

of the time’) and choose which statement best describes

them in the past 2 weeks. In this sample, scores ranged

from zero to 40, with higher scores indicating more

depressive symptoms (M = 6.79; SD = 6.76). Internal

consistency, retest reliability, and convergent and

discriminant validity are well established (Klein et al.

2005). Internal consistency was a = .87 in the current

study.

Anxiety Symptoms

The Multidimensional Anxiety Scale for Children (MASC;

March et al. 1997) is a 39-item self-report inventory of

anxiety symptoms including the factors: physical symp-

toms, social anxiety, harm avoidance, and separation anx-

iety (March and Albano 1998). Adolescents are asked to

rate how often (e.g., ‘‘Never,’’ ‘‘Rarely,’’ ‘‘Sometimes,’’ or

‘‘Often’’) they have been thinking and acting recently on

the items (e.g., ‘‘I feel tense or uptight,’’ or ‘‘I’m afraid

other people will think I’m stupid’’). In the current study,

physical and social anxiety symptoms were used with

higher scores indicating more anxiety symptoms (Physical

Symptoms M = 7.50; SD = 6.46; Social Anxiety Symp-

toms M = 8.31; SD 5.88). Retest reliability and good

convergent and discriminant validity have been demon-

strated (March and Albano 1998). Internal consistency in

this sample was a = .84.

Data Analysis

Consistent with prior studies, log10 transformations were

used to establish a more normal distribution of residual

cortisol values and to be consistent with prior literature

(Gunnar and Talge 2007; Gunnar et al. 2009). Cook’s

distances were inspected to identify influential data points

and were all lower than 1, indicating no generally influ-

ential values. Consistent with the hypotheses and prior

studies (e.g., Harkness et al. 2011), several stress response

variables were created from the log transformed cortisol

data and raw heart rate data. For cortisol, analysis used

(a) ‘cortisol reactivity,’ defined as T3 minus T1 and

(b) ‘cortisol recovery,’ defined as T3 minus T4. In addition,

for heart rate, (a) ‘heart rate reactivity’ was T2 minus T1

heart rate, and (b) ‘heart rate recovery was T2 minus T3

heart rate.

Fig. 1 Note: Time 0 = time the participant enters the experiment

room (after signing consents); Baseline = during this period partic-

ipants completed questionnaires in a silent room (Mean

time = 23.82 min); Time 1 = prior to reading the TSST instructions

(measures of HPA, ANS, subjective distress); TSST = Instructions

for the task were read, participants had 5 min of silent preparation

time followed by the stress task (Mean time = 16.43 min); Time

2 = immediately following the TSST (measures of ANS and

subjective distress); Time 3 = 30 min following Time 2 assessment

(measures of HPA, ANS, and subjective distress); Time 4 = 30 min

following Time 3 assessment (HPA and subjective distress)
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Results

Preliminary Analyses

Descriptive Statistics

Covariate analyses were conducted first to examine

demographic and individual characteristics that may

influence the measures of stress response. Consistent with

normative changes in daily cortisol levels, correlation

analysis revealed that the start time of the social stress task

was related to cortisol values, such that earlier start times

were related to higher baseline cortisol (Pearson’s

r = -.22, p\ .05). In addition, gender was correlated with

baseline cortisol, such that boys had higher cortisol values

than girls (Pearson’s r = -.23, p\ .05). Age was signif-

icantly related to baseline heart rate (Pearson’s r = -.25,

p\ .01), with older participants exhibiting lower baseline

heart rates than younger participants.

Bivariate correlations between all study variables are

shown in Table 1. As expected, depressive symptoms were

significantly correlatedwith both physical and social anxiety

symptoms. Additionally, consistent with prior studies, self-

reported emotional reactivity was associated with all three

types of internalizing symptoms. Interestingly, measures of

biological response were not correlated between biological

systems (i.e., cortisol variables were not associated with

heart rate variables), but each measure of biological reac-

tivity was associated with the same biological measure of

recovery. Additionally, only poor cortisol recovery was

associated with self-reported emotional reactivity. Of note,

trait cognitive reappraisal was not associated with trait

expressive suppression, suggesting that participants who

have a tendency to use reappraisal as an emotion regulation

strategy may not also use suppression.

Manipulation Check

As expected, participants’ distress ratings increased from

pre to post stressor on the visual analogue scale (t = 10.21,

p\ .001, d = .78), which supports the effectiveness of the

social stress task in activating distress. Examination of

demographic differences in participants’ self-reports of

distress revealed that Caucasian participants reported sig-

nificantly higher levels of distress (increase from pre- to

post-stress) compared to African American participants

(t = 3.56, p\ .01, d = .65). In addition, adolescents who

qualified for free/reduced lunch (an indicator of socioeco-

nomic status that takes into account the number of

dependents supported on the family’s income) reported less

distress (t = 2.29, p\ .05, d = .40) than participants who

did not qualify for free/reduced lunch. There were no

gender or age differences in reported distress reactivity in

the sample.

Primary Analyses

Main Effects of Emotional Reactivity

A series of hierarchical regressions were conducted to

examine the direct associations of emotional reactivity with

symptoms. Self-report and biological measures of reactiv-

ity were entered individually to examine whether each was

associated with higher levels of depressive, physical anx-

iety, and social anxiety symptoms, covarying gender, time

of assessment, and age. The main effect analyses revealed

that self-reported emotional reactivity on the ERS was

significantly associated with greater depressive symptoms

(b = .23, t = 2.99, p\ .001, R2 = .37), physical anxiety

symptoms (b = .21, t = 7.99, p\ .001, R2 = .43), and

social anxiety symptoms (b = .18, t = 7.34, p\ .001,

Table 1 Correlation of main study variables

1 2 3 4 5 6 7 8 9 10

1. Depressive symptoms – .59*** .51*** .60*** -.20* .07 .00 -.04 -.08 -.11

2 Physical anxiety symptoms – .61*** .62*** -.05 .05 -.12 -.14 .02 -.22**

3. Social anxiety symptoms – .58*** -.08 .07 .03 -.05 .00 -.17

4. Emotional reactivity scale – -.06 .06 -.16 -.26** -.01 -.12

5 Cognitive Reappraisal – .13 .00 .02 .06 -.06

6. Expressive suppression – .01 .03 .09 -.04

7. Cortisol reactivity – .37*** .01 -.01

8. Cortisol recovery – .09 -.13

9. Heart rate reactivity ‘ – -.48***

10. Heart rate recovery –

* p\ .05; ** p\ .01; *** p\ .001
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R2 = .36). Measures of both cortisol reactivity and

recovery were not significantly associated with internaliz-

ing symptoms directly. Finally, whereas heart rate reac-

tivity was not significantly associated with internalizing

symptoms, poor heart rate recovery was significantly

associated with greater physical anxiety symptoms

(b = -.21, t = 2.43, p = .02, R2 = .17) and social anxi-

ety symptoms (b = .15, t = 1.97, p = .05, R2 = .09), but

not with depressive symptoms (t = 1.10, p[ .05).

Main Effects of Emotion Regulation

A series of hierarchical regressions were conducted to

examine the direct associations of trait tendencies of emotion

regulation with symptoms. Cognitive reappraisal and

expressive suppressionwere entered individually to examine

whether each was directly associated with higher levels of

symptoms, covarying gender, time of assessment, and age to

be consistent with other analyses. Cognitive reappraisal was

significantly negatively associated with depressive symp-

toms (b = -.21, t = 2.16, p = .03, R2 = .07), but not with

physical anxiety symptoms (t = .15, p[ .05) and social

anxiety symptoms (t = .56, p[ .05). Contrary to hypothe-

ses, expressive suppression was not significantly associated

with any internalizing symptoms.

Interaction of Emotional Reactivity and Emotion

Regulation

To examine whether cognitive reappraisal and expressive

suppression moderate the relationships between emotional

and biological reactivity to stress and internalizing symp-

toms, hierarchical linear regression was conducted. Themain

predictor variables of emotion regulation and emotional/bi-

ological reactivity were mean centered (Aiken and West

1991) and then, their interaction was entered in an additional

step to examine the moderating effect of emotion regulation

strategies on the relationships between emotional/biological

reactivity and internalizing symptoms after entering the rel-

evant covariates. To examine the moderation hypotheses, we

employed an SPSS macro (MODPROBE) to test whether

there was a significant interaction (Hayes andMatthes 2009).

As seen in Table 2, cognitive reappraisal moderated the

relationships between emotional/biological reactivity and

depressive symptoms. More specifically, as seen in Figs. 2

and 3, frequent cognitive reappraisal moderated the rela-

tionship between self-reported emotional reactivity

(b = -.01, t = 2.83, p\ .05, DR2 = .04) and poor cortisol

recovery (b = .97, t = 2.01, p\ .05, DR2 = .03) and

depressive symptoms. To examine the form of the interac-

tions, follow-up analyses examined the simple slopes at one

standard deviation above and below the centered means

(Aiken and West 1991). Analysis revealed that adolescents

with a lower tendency to cognitively reappraise, reported

higher levels of depressive symptoms when they had higher

levels of emotional reactivity thanwhen they had lower levels

of reactivity (b = .27, t = 8.65, p\ .001). In addition, those

with a higher tendency to cognitive reappraise, reported

higher depressive symptoms when they had higher levels of

emotional reactivity than when they had lower emotional

reactivity (b = .13, t = 3.27,p\ .01; see Fig. 2). The slopes

in this figure are significantly different (t = 2.69, p\ .01)

indicating that those who have a tendency to cognitively

reappraise had lower symptoms when they are high in emo-

tional reactivity compared to those with a lower tendency to

reappraise. In the second interaction involving cortisol

recovery (see Fig. 3), analysis revealed that the slope was

approaching significance only for lower tendency to reap-

praise (b = -7.39, t = 1.72, p = .08), such that among

adolescents who have a lower tendency to reappraise, those

with poorer cortisol recovery hadmarginallymoredepressive

symptoms compared to those with higher cortisol recovery.

Among adolescents with a higher tendency to reappraise, the

relationship between cortisol recovery and depressive

symptoms was not significant (b = 4.69, t = .99, p[ .05).

Additionally, as seen in Table 2, cognitive reappraisal

did not influence the relationship between emotional/bio-

logical reactivity and either form of anxiety symptoms. The

same set of analyses was conducted to examine whether

expressive suppression exacerbated the relationships

between emotional/biological reactivity and internalizing

symptoms. Results indicated that expressive suppression

did not moderate the effects of any type of reactivity on

any internalizing symptoms.

Finally, post hoc analyses were conducted to examine the

symptom specificity of the results presented (i.e., controlling

for the other types of symptoms). The interaction between

self-reported emotional reactivity and cognitive reappraisal

remained a significant predictor of depressive symptoms

after controlling for co-occurring anxiety symptoms

(b = -.01, t = 2.89, p\ .01, DR2 = .04). In contrast, the

interaction between poor cortisol recovery and cognitive

reappraisal became marginally significant in predicting

depressive symptoms after controlling for anxiety symptoms

(b = .75, t = 1.78, p = .07, DR2 = .02). Finally, the

interactions of emotion regulation strategies with emotional/

biological reactivity remained non-significant predictors of

physical and social anxiety symptoms, controlling for

depressive symptoms.

Discussion

The aim of this study was to examine the relationship

between the combined effects of emotion regulation

strategies and levels of emotional reactivity on
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internalizing symptoms during adolescence. Findings were

largely consistent with study hypotheses and add to the

literature highlighting the importance of effective emotion

regulation strategies in reducing the impact of emotional

reactivity on psychopathology. As expected, trait levels of

emotional reactivity and aspects of autonomic response to a

social stress task were associated with increased anxiety

and depressive symptoms directly. Further, consistent with

Table 2 Interaction of reactivity and cognitive reappraisal predicting symptoms

Depressive symptoms Physical anxiety symptoms Social anxiety symptoms

b S.E. t DR2 b S.E. t DR2 b S.E. t DR2

Regression 1 .435 .413 .352

Emotional reactivity .21 .03 7.59*** .21 .03 7.52*** .19 .03 6.97***

Cognitive reappraisal -.22 .08 2.86** -.00 .08 .07 -.05 .07 .75

Interaction -.01 .00 2.83** .038** -.00 .00 .61 .002 -.00 .00 1.00 .006

Regression 2 .060 .108 .078

Cortisol reactivity .46 2.41 .19 -3.36 2.25 1.49 -.05 2.08 .02

Cognitive reappraisal -.23 .11 2.17* -.03 .09 .28 -.03 .09 .38

Interaction .33 .41 .80 .006 .08 .38 .22 .000 -.19 .35 .56 .003

Regression 3 .098 .131 .086

Cortisol recovery -1.35 3.35 .40 -1.76 3.14 .56 .01 2.91 .00

Cognitive reappraisal -.21 .10 2.09* -.03 .09 .31 -.05 .09 .54

Interaction .97 .48 2.01* .034* .64 .45 1.41 .016 .37 .42 .88 .007

Regression 4 .081 .129 .074

Heart rate reactivity -.07 .09 .82 .02 .08 .20 .00 .08 .02

Cognitive reappraisal -.21 .10 2.06* .02 .10 .17 -.03 .09 .36

Interaction -.01 .02 .71 .004 .00 .01 .24 .000 -.02 .01 .52 .002

Regression 5 .094 .131 .121

Heart rate recovery -.12 .09 1.28 -1.76 3.13 .56 -.13 .08 1.65

Cognitive reappraisal -.22 .10 2.19* .03 .10 .31 -.03 .09 .27

Interaction -.00 .02 .09 .000 .64 .45 1.41 .016 .03 .01 1.83 .027

Regression analysis included age, sex and baseline time as a covariate. For ease of presentation covariates were excluded from the table. In

addition, R2 of the baseline model and interaction model were included. D indicates a change in R2 due to the inclusion of the interaction term

* p\ .05; ** p\ .01; *** p\ .001

Fig. 2 Interaction of trait emotional reactivity and cognitive reap-

praisal. Note: Low and high signify 1 standard deviation above and

below the mean

Fig. 3 Interaction of cortisol recovery and cognitive reappraisal.

Note: Low and high signify 1 standard deviation above and below the

mean
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the main hypothesis of the study, results suggested that

high levels of cognitive reappraisal were associated with

reduced association between high levels of self-reported

trait emotional reactivity and depressive symptoms. Addi-

tionally, high levels of cognitive reappraisal were mar-

ginally associated with reduced association between poor

biological (cortisol) recovery from a stressor and depres-

sive symptoms. These results demonstrate that the ten-

dency to engage in cognitive reappraisal may effectively

modulate emotional reactivity at multiple levels of emo-

tional response to stress. Further analysis revealed that the

beneficial effect of reappraisal differentially affected ado-

lescents with high levels of emotional reactivity. At lower

levels of emotional reactivity, the tendency to cognitively

reappraise was not associated with depressive symptoms.

For adolescents who had high levels of emotional reactivity

and poor biological recovery, high levels of reappraisal

were associated with reduced depressive symptoms com-

pared to those with low levels of reappraisal. This is par-

ticularly relevant in adolescence, because effective

emotion regulation strategies may be greatly needed as

both stressors and rates of depression increase during this

time. In contrast, cognitive reappraisal did not modulate the

association of emotional reactivity or biological recovery

with anxiety symptoms, suggesting differences between the

impact of cognitive reappraisal on these forms of inter-

nalizing symptoms. Whereas prior research suggests that

cognitive reappraisal may predict reduced anxiety and

depression symptoms over time on its own without con-

sideration of its moderating impact on emotional reactivity

(e.g., Berking et al. 2014; Wirtz et al. 2014), the current

study found that the trait tendency to reappraise was

associated with lower levels of depressive symptoms

specifically for adolescents with high emotional reactivity.

It is important to highlight that whereas anxiety and

depression are similar in many respects and share features

of emotional processes, there are distinct aspects to these

disorders as well. Although there is considerable overlap in

symptom presentation, there remain distinct cognitive

patterns, triggering events (Mennin et al. 2008), and dif-

ferences in aspects of emotional processes (Aldao et al.

2010a, b; Mennin et al. 2007) between anxiety and

depression. Whereas the current study highlights that

emotional reactivity may be a shared aspect of both dis-

orders, other components of emotional processes were not

similar. Contrary to expectation, an adolescent’s trait fre-

quency to cognitively reappraise events was directly

associated with lower depressive symptoms and not anx-

ious symptoms. Although prior research suggests that

cognitive reappraisal may be associated with both anxiety

and depressive disorders, when internalizing symptoms are

subsyndromal, there may be specific beneficial aspects of

cognitive reappraisal for depressive symptoms compared to

anxiety symptoms. Indeed, in their meta-analysis of emo-

tion regulation across psychopathologies, Aldao et al.

(2010a, b) found that reappraisal was significantly associ-

ated with lower depression symptoms, whereas reappraisal

had a non-significant trend association with lower anxiety

symptoms. This suggests that the association may be

stronger for depression symptoms. However, further

examination is needed to make a strong claim for this

distinction.

Additionally, and in contrast, poor autonomic recovery

was associated with anxiety symptoms and not depressive

symptoms. Prior research has found that physiological

measures of arousal may differentiate between these

groups. For example, Hofmann et al. (2010) compared a

group of anxious individuals to anxious individuals with

depression and found that those with the comorbidity had

heightened heart rate variability compared to those with

anxiety alone, suggesting the ability of psychophysiologi-

cal measures to distinguish between these individuals

(Hofmann et al. 2010). Indeed, cognitions that are associ-

ated with anxiety (i.e., worry) also were more strongly

associated with autonomic reactivity compared to cogni-

tions associated with depression (i.e., rumination), high-

lighting possible functional distinctions between these

diagnostic presentations (Aldao et al. 2013). Indeed, the

stronger association between reappraisal and depression,

and the stronger association between ANS reactivity and

anxiety may suggest that the emotion regulation measure of

cognitive reappraisal in the current sample may not be as

effective in dampening the association between biological

reactivity to stress and anxiety symptoms. Taken together,

findings suggest that it is important to further examine the

common and specific aspects of emotional reactivity and

regulation in relation to both anxiety and depressive

symptoms to help understand the underlying dysfunction

and test whether emotion reactivity and regulation are

transdiagnostic factors involved in both internalizing

disorders.

The results of the present study are consistent with prior

theorizing and empirical support for the importance of

reappraisal for emotional and psychological well-being.

Longstanding theories suggest that the way in which events

are appraised influences an individual’s emotional response

to those events (Lazarus and Folkman 1984). Although the

current study examined reappraisal, a trait tendency to

change one’s initial appraisal, the notion that how indi-

viduals views an event will impact their emotional

response is consistent. In support of this conceptualization,

research suggests that events that are appraised as chal-

lenging, threatening, and intense are associated with

increased reactivity (Dickerson and Kemeny 2004). Indeed,

numerous studies suggest that those who appraise situa-

tions as more negative have heightened physiological
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responses to events (Denson et al. 2009). The observed

effects of antecedent focused cognitive reappraisal in the

current study supports the notion that adolescents who have

a tendency to reappraise stressful events to be less negative

are able to modulate the effect of their emotional response

on symptom outcomes. Indeed, research suggests that

adaptive reappraisal of stressful events can modulate the

physiological response and dampen stress activation

(Jamieson et al. 2012). The current study extends these

findings and demonstrates that reappraisal may reduce the

impact of maladaptive biological recovery on depressive

symptom presentation. Additionally, reappraisal dampened

associations between both self-reported and biological

components of emotional reactivity and symptoms, high-

lighting the impact of cognitive reappraisal at multiple

levels of response.

Interestingly, several findings were unexpected in the

current study and did not support the hypotheses. The

current study did not obtain an association between

expressive suppression and internalizing symptoms directly

or in interaction with emotional reactivity (Aldao and

Nolen-Hoeksema 2010; Gullone and Taffe 2012). Prior

research has highlighted the importance of both the context

and timing in which emotion regulation strategies are

employed (Aldao and Nolen-Hoeksema 2010, 2012). The

current study only examined trait dispositional levels of

emotion regulation strategies and is unable to draw more

specific conclusions regarding the use of these strategies in

specific contexts. Indeed, there may be differences between

trait tendencies, abilities, spontaneous use of strategies, and

instructed means of regulating one’s emotions (Ehring

et al. 2010; McRae 2013). A more fine-grained approach

may help to determine the relationship between reactivity,

emotion regulation strategies, and symptoms of psy-

chopathology by ascertaining information about perceived

stress and either the selected strategies spontaneously

employed or the ratio of adaptive versus more maladaptive

strategies used when a stressor is appraised negatively. It is

promising to note, however, that adaptive strategies (cog-

nitive reappraisal) were associated with reduced symptoms

of depression and that maladaptive suppression did not lead

to increases in depression or anxiety symptoms in this

sample of mid-adolescence.

Although trait emotional reactivity was associated with

internalizing symptoms, neither systems of biological reac-

tivity were directly associated, or associated in interaction

with poor emotion regulation strategies, with internalizing

symptoms. Indeed, only poor heart rate recovery was

directly, and poor cortisol recovery in interaction with cog-

nitive reappraisal, was associated with symptoms. It is

unclear why the biological reactivity components were not

associated with internalizing symptoms, as prior research

highlights this as a predictor associated with increased stress

and depression/anxiety. The goal of the stress system is to

effectively react to a stressor (i.e., allocate appropriate bio-

logical resources to combat the stressor) and then effectively

return to homeostasis (i.e., quickly recover after the stressor

is gone). Dysregulation in the stress system can occur both at

the reactivity phase, as well as the recovery phase, of the

stress response. Other variables such as chronic stress

(Kudielka and Wust 2010) or a maltreatment history

(Harkness et al. 2011; Heim et al. 2002; Tarullo and Gunnar

2006) may impact an individual’s biological response to

stress and may affect the reactivity component as measured

in the current study. However, our findings of the association

of poor recovery with depression are consistent with bio-

logical models of depression. For example, research high-

lights that HPA dysregulation may occur at the

glucocorticoid receptor site and that those with MDD have a

reduced efficiency of these receptors that serve as the conduit

for recovery of the stress system (Ising et al. 2005).

Additionally, extensive research has examined the

association between the TSST and measures of biological

markers of stress that may have influenced the results,

particularly measurement of the ANS (Campbell and Ehr-

lert 2012). The current study assessed ANS reactivity and

recovery through a discrete measure of heart rate, which

allows for a non-specific indicator of autonomic response.

More rigorous continuous measures of heart rate have been

used to assess an individual’s peak reactivity and the tim-

ing of recovery (Allen et al. 2014), which can use metrics

such as heart rate variability, respiratory sinus arrhythmia,

and pre-ejection period that would allow sympathetic and

parasympathetic nervous system responses to be distin-

guished. Moreover, evidence suggests that the ANS may

habituate quickly to the TSST and the current opera-

tionalization of reactivity may be measuring initial recov-

ery (Hellhammer and Schubert 2012), which should be

taken into account when interpreting the results. Finally,

participants responded to questionnaires during the base-

line period, which may influence physiological responses

to the subsequent TSST. Although prior studies using the

TSST incorporate varied times and tasks during the base-

line, it is important to note that this may influence the

relationship between biological reactivity and outcomes in

the results (Campbell and Ehrlert 2012).

The interpretation of findings from the current study

should take into account both its strengths and limitations.

The current study included adolescent participants from a

diverse community sample, both racially and economically.

The non-clinical sampling design enhances the generaliz-

ability of these findings to the majority of pre-clinical ado-

lescents who may be at risk for the development of

internalizing disorders. Additionally, the current study

employed multiple measures of emotionality, both biologi-

cal and self-report, as well as taking a transdiagnostic

Cogn Ther Res (2016) 40:328–340 337

123



approach by measuring symptoms of both anxiety and

depression. The present findings also should be interpreted

by considering several limitations. Although this study

included measurement of emotionality at the biological and

self-report levels, it relied upon self-report questionnaires

for symptom and emotion regulation strategy assessment,

which are subject to reporter bias. The use of clinician rated

symptoms of depression and anxiety and continued exami-

nation of multi-modal assessment of emotionality in future

studiesmay be helpful to disentangle subjective reporter bias

(Monroe and Reid 2009). The data presented were cross-

sectional, and as such, cannot speak to causal implications.

Future studies that incorporate prospective designs will help

elucidate whether cognitive reappraisal may buffer against

the effects of emotional reactivity on the development of

depressive and anxiety symptoms. Future research should

also incorporate a continuous measure of heart rate to allow

for more specific metrics of autonomic response. Finally,

although internalizing symptoms during adolescence have

been shown to predict internalizing disorders in adulthood

(e.g., Pine et al. 1999), it will be beneficial to examine risk for

clinical levels and diagnoses of depression and anxiety in

future studies.

In summary, emotional reactivity and subsequent regu-

lation strategies are important areas of inquiry to understand

risk and protective factors associated with internalizing

symptoms in adolescence. The current study built on prior

studies by examining emotion reactivity multi-modally in

relation to emotion regulation strategies and symptoms of

both anxiety and depression. The current findings suggest

that cognitive reappraisal, but not affective suppression,

may be effective in reducing depressive symptoms when

adolescents experience high levels of emotional reactivity

in response to stressors. The development of a tendency to

reappraise is the cornerstone of many forms of therapeutic

intervention for internalizing disorders and may be partic-

ularly effective at reducing the deleterious effects of mal-

adaptive emotional reactivity on depressive symptoms.

Further examination may help to delineate shared and

specific aspects of regulation strategies and emotion reac-

tivity on internalizing psychopathology and help understand

the influence of context, perception, and the temporal

dynamics of this relationship, which is particularly relevant

during the pivotal adolescent years.
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