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Abstract
Objectives Depression is associated with both emotion dysregulation upon retrieval of autobiographical memories and low trait
mindfulness. The present study raised the question of whether these processes are related to each other and whether they may
reflect a cognitive-affective vulnerability in individuals at risk of depression. The study examined emotion regulation in response
to involuntary and voluntary autobiographical memories during depression remission and explored how trait mindfulness relates
to such emotion regulation.
Methods The study employed a naturalistic design in which individuals with remitted depression (n = 35) and individuals with
no history of depression (n = 32) completed a trait mindfulness measure and a structured memory diary where they rated state use
of five emotion regulation strategies upon involuntary and voluntary autobiographical memory retrieval.
Results Individuals with remitted depression reported heightened brooding in response to autobiographical memories when
memory retrieval occurred involuntarily, and trait mindfulness was low. Depression remission and higher trait mindfulness were
independently associated with greater cognitive reappraisal efforts upon involuntary retrieval of autobiographical memories.
Higher trait mindfulness predicted less memory suppression, irrespective of depression history and memory retrieval mode.
Conclusions The findings suggest a vulnerability in emotional processing of autobiographical memories during depression
remission that is dependent on mindfulness skill level and how memories come to mind.
Keywords Mindfulness . State emotion regulation . Depression . Autobiographical memory . Naturalistic

Depression is associated with altered emotional processing of
autobiographical memories. For example, individuals with
acute dysphoria or depression show a bias towards retrieving
negative autobiographical memories and report more intense
negative emotions (i.e. fear, anger, and sadness) upon autobiographical memory retrieval, compared to individuals without depression (del Palacio-Gonzalez et al. 2017; Watson et al.
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2012). Moreover, they display impaired emotion regulation as
reflected by heightened rumination, expressive suppression,
and memory suppression upon retrieving autobiographical
memories (del Palacio-Gonzalez et al. 2017; Watson et al.
2012).
Autobiographical memories can be retrieved either spontaneously (i.e. involuntary retrieval) or effortfully (i.e. voluntary
retrieval) (e.g. Berntsen 2009). Studies investigating spontaneous thoughts and depression vulnerability have identified
spontaneous cognitions, such as involuntary memories, as a
potential trigger for cognitive processes associated with depression, such as rumination (for a review, see Marchetti
et al. 2016). Similarly, research focusing on intrusive memories (i.e. involuntary memories of past negative events;
Williams and Moulds 2007) suggests that intrusive memories
may trigger rumination, which in turn predicts higher levels of
depressive symptoms (Smets et al. 2012). Further, individuals
vulnerable to depression (i.e. individuals with acute or remitted depression) respond to intrusive memories with greater
distress, more negative emotions, and memory avoidance,
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compared to individuals with no history of depression
(Newby and Moulds 2011).
Although some studies have found that dysphoria and
depression are associated with more maladaptive emotional responses irrespective of memory retrieval mode (del
Palacio-Gonzalez et al. 2017; Watson et al. 2012), the
above findings indicate that memories that are retrieved
involuntarily may present a particular challenge for individuals vulnerable to depression. However, as the studies
focusing on intrusive memories (Newby and Moulds 2011;
Williams and Moulds 2007) have not included comparisons of involuntarily and voluntarily retrieved memories,
further research comparing emotion regulation upon involuntary and voluntary memory retrieval is needed to determine whether involuntary retrieval presents a greater challenge than voluntary retrieval.
Heightened habitual employment of maladaptive emotion
regulation strategies has been identified as a cognitive vulnerability that can be observed in remitted depression as well as
acute depression. Habitual rumination, or repetitive focus on
one’s negative affect, its causes and consequences (NolenHoeksema and Morrow 1991), is common during both acute
(Watkins and Moulds 2009; Wilkinson and Goodyer 2006)
and remitted depression (e.g. Aker et al. 2014; D’Avanzato
et al. 2013). It may lead to increases in negative emotion,
maintain or exacerbate depressed mood, and predict onset of
depressive disorders (Nolen-Hoeksema 2000; NolenHoeksema et al. 1993). There is evidence to suggest that the
long-term negative consequences of rumination may be driven by a subcomponent labelled brooding (i.e. passive and
negative self-focus), while the long-term consequences of
the subcomponent reflection (i.e. problem-solving oriented
self-focus) are less clear (for a review, see Nolen-Hoeksema
et al. 2008).
Elevated habitual thought suppression, or attempts to avoid
thoughts that might trigger unpleasant emotions (Wegner et al.
1987), is another emotion regulation strategy that is common
among individuals with acute or remitted depression (Watkins
and Moulds 2009; Wenzlaff et al. 2002). Paradoxically,
thought suppression may lead to an increase in unwanted
thoughts (Wegner et al. 1987) and predict subsequent depressive symptoms (Rude et al. 2002). There is also evidence to
suggest that both acute and remitted depression are associated
with heightened use of expressive suppression (e.g. Aker et al.
2014; D’Avanzato et al. 2013), or attempts to suppress emotional expressive behaviour (Gross and Levenson 1993). High
habitual use of expressive suppression is associated with
experiencing less positive emotion and more negative emotion
(Gross and Levenson 1997), and predicts higher subsequent
depressive symptoms (Zahniser and Conley 2018).
Finally, acute depression is characterized by lowered habitual employment of cognitive reappraisal, while evidence is
inconclusive for remitted depression (for a review, see
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Dryman and Heimberg 2018). Cognitive reappraisal encompasses changing the meaning of a situation (e.g. reframing it as
more positive) in a way that changes its emotional impact
(Gross and Thompson 2007). It is considered an adaptive
emotion regulation strategy, as it generally leads to effective
downregulation of negative emotion (Gross 1998; Gross and
John 2003).
Overall, these findings suggest that both individuals with
acute depression and individuals with a history of depression
regulate their emotions in ways that may increase the risk of
subsequent depressive symptomatology. The persistence of
habitual emotion regulation impairment during depression remission is consistent with the idea that individuals with a
history of depression display cognitive-affective vulnerabilities that may put them at heightened risk of future depressive
episodes (e.g. Lewinsohn et al. 1981; Teasdale 1988).
However, less is known about state emotion regulation in
response to everyday experiences, such as retrieval of autobiographical memories. Investigating how depression vulnerability may be reflected in such responses could shed light on
important everyday contexts that may trigger depressogenic
emotional responses.
A potential link between depression and emotional responses to memories may be found in mindfulness.
Mindfulness refers to a mode of awareness characterized by
present-moment awareness, non-judging, and non-reactivity
towards inner experiences (Kabat-Zinn 2015). High trait (i.e.
habitual) mindfulness is associated with lower levels of depression (for a review, see Carpenter et al. 2019). It is also
associated with lower levels of habitual rumination and
thought suppression (Desrosiers et al. 2013; Thompson and
Waltz 2010), as well as greater employment of cognitive reappraisal (Desrosiers et al. 2013; Hanley and Garland 2014).
Further, fMRI studies show that high trait mindfulness is associated with patterns of activation in the prefrontal cortex
(PFC) and amygdala that are suggestive of enhanced emotion
regulation (Creswell et al. 2007).
In theory, mindfulness also plays an important role in mind
wandering and spontaneous cognitions (e.g. Segal et al.
2002). Given this association, it is possible that mindfulness
is particularly relevant for targeting reactions to involuntary
(i.e. spontaneous) memories. Recent evidence suggests that
high trait mindfulness is associated with fewer intrusions of
stressful events or obsessive thoughts, as well as less
distressing experiences and maladaptive emotion regulation
related to obsessive intrusive thoughts (Díaz et al. 2014;
Emerson et al. 2018). Other evidence suggests that mindfulness meditation may enhance attentional control during sudden or rapid events, as opposed to slower, more controlled
events. In particular, one study found that mindfulness and
concentrative meditators were equally accurate at estimating
the number of beeps when they were presented at slower rates
(Valentine and Sweet 1999). However, mindfulness
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meditators outperformed concentrative meditators during a
subsequent set in which beeps were presented at a faster rate,
which may suggest superior attentional control during rapid or
sudden events.
Given that cognitive control processes have been linked to
effective emotion regulation (e.g. Hendricks and Buchanan
2016; Schmeichel et al. 2008), and the sudden nature of involuntary memories (e.g. Berntsen 2010), the above finding
raises the question of whether mindfulness may be particularly
helpful for targeting emotional responses to involuntary memories, as opposed to voluntary memories. In other words, the
links found between mindfulness and reactions to spontaneous or intrusive cognitions raise the possibility that mindfulness may interact with memory retrieval mode (i.e. involuntary vs. voluntary) in influencing emotion regulation in response to autobiographical memories.
In the present study, we examined potential differences in
state emotion regulation upon involuntary and voluntary autobiographical memory retrieval between individuals in remission from depression and individuals with no history of
depression. We also examined whether trait mindfulness was
associated with emotion regulation upon retrieval of autobiographical memories. We hypothesized that individuals with
remitted depression would exhibit an overall greater employment of dysfunctional emotion regulation efforts upon retrieving autobiographical memories compared to individuals with
no history of depression. We considered whether this effect
would be stronger for involuntary memories than for voluntary memories. Further, we hypothesized that high trait mindfulness would predict lower state rumination, memory suppression, and expressive suppression, and greater cognitive
reappraisal upon autobiographical memory retrieval. We expected that these relationships would be moderated by memory retrieval mode such that they would be stronger for involuntary memories compared to voluntary memories (i.e. an
interaction between retrieval mode and trait mindfulness).
Finally, we conducted exploratory analyses for the interaction
of trait mindfulness, depression group, and memory retrieval
mode.

Methods
Participants
Participants were undergraduate and postgraduate students
assessed for depression. Thirty-nine individuals with no depression history (10 male) and 47 participants who met the
criteria for past depression (12 male), as assessed by the MiniInternational Neuropsychiatric Interview Plus (MINI+)
(Sheehan et al. 1998), completed their memory diaries (N =
86). Among these participants, eight did not complete the
study as instructed (e.g. failed to adhere to study protocol),
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and two were univariate outliers (i.e. 3SD beyond mean).
Further, among the individuals with a history of depression,
nine also had a current depressive episode. Data from these 19
participants were not analysed. The final sample consisted of
32 individuals with no history of depression (10 male) and 35
individuals with remitted depression (10 male) (N = 67). The
gender distributions between groups were not statistically different, χ2 (1, N = 67) = .057, p = .811. There was no age
difference between groups, t(65) = 0.046, p = .964 (M =
21.66, SD = 3.31; M = 21.62, SD = 2.92). All participants
were students (50 undergraduates; 17 non-psychology postgraduates) at the University of St Andrews, Scotland.
Individuals with no history of depression had no previous
episodes of depression, as determined by the MINI+ (Sheehan
et al. 1998), whereas participants with remitted depression had
at least one previous depressive episode (but no current episode). Among the participants with remitted depression,
14.29% reported one past depressive episode, whereas
82.86% reported multiple depressive episodes. Information
about number of depressive episodes was missing for one
participant. There was a significantly higher prevalence of
other psychological disorders among participants in remission
from depression (M = 0.83, SD = 0.79) than among participants with no history of depression (M = 0.19, SD = 0.47),
t(56.43) = − 4.09, p < .001. The most frequent comorbid
diagnosis among participants with remitted depression was
generalized anxiety disorder (40%, n = 14).

Procedures
We recruited participants via paper and online adverts. All
participants were assessed for depression history employing
the MINI+ prior to completing the memory diary and online
questionnaires. We advertised the study on university bulletin
boards, in weekly student emails, on student Facebook
groups, and through a participant recruitment system at the
university. The participants were self-selected individuals
who responded to the advertisements and were fluent in
English and 18 years of age or older.
Individuals who expressed interest in participating were
provided with further information about the study.
Individuals who agreed to participate completed an informed
consent form and a demographics questionnaire and were invited to the study if they met the requirements for English
fluency and age. Eligible participants received an email with
a personal link that gave them access to the self-report questionnaires listed below (and one other questionnaire not
analysed in the present study), in the online survey system
Qualtrics. After completion of the online questionnaires, we
invited the participants to meet with the first author to complete the MINI+, go over the memory diary instructions, and
give materials necessary for completing the diary, including a
pocket-sized notebook to record involuntary memories and a
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structured booklet with follow-up memory questions. The participants took the materials home and were asked to record
memories for either up to 5 days or until they had completed
seven involuntary and seven voluntary memories. After
returning their memory diaries, the participants were given a
debrief sheet. All participants were compensated for their participation at a rate of £5/hour. The local board for research
ethics at the university approved the study prior to
commencement.

Measures
Mini-International Neuropsychiatric Interview Plus (MINI+)
The MINI+ (Sheehan et al. 1998) is a clinical interview used
to diagnose psychological disorders, including depression history. It is compatible with diagnostic criteria of the
International Classification of Diseases (ICD) and the
Diagnostic and Statistical Manual of Mental Disorders
(DSM). The sections of the MINI+ included in the present
study were past and current major depressive episode
(MDE), (hypo) manic episode, dysthymia, post-traumatic
stress disorder (PTSD), panic disorder, alcohol abuse and dependence, and generalized anxiety disorder (GAD). To assess
interrater reliability, 10% of the interviews were double-rated
by two researchers trained to use the MINI+. Following independent ratings of these interviews, the interrater agreement
was 87.7% for depression diagnostics and 100% for remaining diagnostics. Following discussion consensus was reached
for all diagnostic conclusions.
Depression, Anxiety, Stress Scales The Depression, Anxiety,
Stress Scales (DASS) (Lovibond and Lovibond 1995a) is a
self-report measure that consists of 42 items across three
scales measuring symptoms of depression (e.g. I felt downhearted and blue), anxiety (e.g. I was worried about situations
in which I might panic and make a fool of myself), and stress
(e.g. I found it difficult to relax). Each scale has 14 items
corresponding to a symptom or experience, on which subjects
are asked to rate the degree to which they have experienced
each symptom over the past week. The DASS uses a 4-point
rating scale (0 = did not apply to me at all, 3 = applied to me
very much or most of the time).
The DASS show good discriminant validity and successfully discriminate between depression, anxiety, and stress
(Lovibond and Lovibond 1995b). The DASS depression
scales show satisfactory convergent validity with the Beck
Depression Inventory-II (Beck et al. 1996). In the current
study, the Cronbach alphas were .93, .89, and .91 for the
depression, anxiety, and stress subscales, respectively.
Ruminative Response Scale We employed the Ruminative
Response Scale (RRS) (Nolen-Hoeksema and Morrow
1991) to assess dispositional brooding and reflection. The
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scale is a self-report measure that includes 22 statements that
describe ruminative responses to depressed mood (e.g. Think:
“Why do I always react this way?” (brooding); analyse recent
events to try to understand why you are depressed (reflection)). It uses a 4-point rating scale (1 = almost never, 4 =
almost always) on which subjects rate the degree to which
they engage in different responses. The RRS can be divided
into subscales of reflection and brooding, composed of 5 items
each (Treynor et al. 2003). The subscales have shown adequate convergent and discriminant validity (Schoofs et al.
2010). In the current study, the scales exhibited good internal
consistency (α = .91, α = .75, and α = .75 for the full scale,
reflection subscale, and brooding subscale, respectively).
Emotion Regulation Questionnaire The Emotion Regulation
Questionnnaire (ERQ) (Gross and John, 2003) measures dispositional cognitive reappraisal and expressive suppression.
The cognitive reappraisal subscale consists of six items referring to cognitive reappraisal responses (e.g. I control my emotions by changing the way I think about the situation I’m in),
whereas the expressive suppression subscale consists of four
items referring to expressive suppression responses (e.g. I
control my emotions by not expressing them). Subjects are
asked to rate to which degree they engage in each response,
using a 7-point rating scale (1 = strongly disagree, 7 = strongly agree). The scales show adequate convergent and discriminant validity, and factor analyses support the questionnaire’s
two-factor structure (Gross and John 2003). In the current
study, the scales showed good internal consistency (α = .86
and α = .83 for cognitive reappraisal and expressive suppression, respectively).
White Bear Suppression Inventory The White Bear
Suppression Inventory (WBSI) (Wegner and Zanakos 1994)
consists of 15 items assessing thought suppression responses
(e.g. There are things that I try not to think about). Subjects
rate the degree to which they engage in each response, using a
5-point rating scale (1 = strongly disagree, 5 = strongly
agree). The WBSI has shown good predictive and convergent
validity (Wegner and Zanakos 1994) and exhibited high internal consistency (α = .89) in the current study.
Five Facet Mindfulness Questionnaire We measured trait
mindfulness with the Five Facet Mindfulness Questionnaire
(FFMQ) (Baer et al. 2006). This self-report consists of 39
statements (e.g. I perceive my feelings and emotions without
having to react to them) across five facets on which subjects
rate their agreement using a 5-point scale (1 = never or very
rarely true, 5 = very often or always true). Baer et al. (2006)
found that a sample of meditators had higher FFMQ scores
compared to a student sample, a community sample, and a
sample of highly educated individuals, suggesting that the
FFMQ measures mindfulness skills across individuals with
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different backgrounds and experience with mindfulness practice. In the current study, the total scale exhibited a
Cronbach’s alpha of .87.
Autobiographical Memory Diary We employed a structured
memory diary to collect involuntary and voluntary (wordcued) memories and corresponding emotion regulation. The
structure of the diary was based on a well-established diary
methodology first developed by Berntsen and Hall (2004) and
later modified by del Palacio-Gonzalez et al. (2017). The instructions for the diary were adjusted for the current study, as
indicated below.
The participants were given a pocket-sized notebook and
a structured diary booklet. They were asked to record up to
seven involuntary and seven voluntary memories over a
period of up to 5 days. The participants followed three main
steps to complete their diaries. The first step was to record
involuntary memories immediately upon retrieval in their
pocket-sized notebook. The participants rated each involuntary memory along several dimensions, including mood before the memory appeared (− 2 = very bad to 2 = very good),
the emotional intensity experienced upon memory retrieval
(fear, happiness, sadness, anger, and ‘other’, each rated
from 1 = not at all to 5 = a great deal), the employment of
five emotion regulation strategies and state mindfulness
(cognitive reappraisal, reflection, brooding, memory suppression, expressive suppression, and non-reactivity; 1 =
not at all to 5 = a great deal), and valence of the remembered
event at the time it happened (− 2 = very negative to + 2 =
very positive). The questions assessing employment of emotion regulation upon memory retrieval were the same as
employed by del Palacio-Gonzalez et al. (2017) in their
memory diary study. These were in turn based on items
from the ERQ, the WBSI, and the RRS, specifically: I
changed the way I was thinking about the situation (cognitive reappraisal); I analysed the events to try to understand
my feelings (reflection); I thought: Why do I always react
this way? (brooding); I tried not to keep thinking about it
(memory suppression); and I controlled my emotion by not
expressing it (expressive suppression). The employment of
single items to assess emotion regulation in naturalistic
studies has been found to result in reliable and valid assessments (Ong et al. 2006).
As a second step, the participants transferred their notebook ratings for the involuntary memories to a structured
memory booklet later in the day. At that point, the participants
rated additional characteristics of the involuntary memories,
including specificity, and how central the memory was for the
individual’s identity. For the purpose of the present study,
only emotion regulation questions were analysed.
As a third and final step, immediately after completing the
follow-up questions for each involuntary memory, the participants were asked to uncover a cue word in the diary booklet
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and to retrieve a memory in response to the cue (i.e. a voluntary memory). The cues were taken from del PalacioGonzalez et al. (2017) and consisted of the words book, rain,
happy, cleaning, flowers, sad, and family. These cues match
the content of involuntary memories activated in daily life (see
also Berntsen and Hall 2004). The participants then rated the
voluntary memory across the same dimension as the involuntary memories (e.g. emotion regulation).
The participants were told that they could exclude memories that they felt were too intimate or embarrassing to record.
An important advantage of this memory diary is that memories are reported and rated immediately rather than retrospectively. The memory diary also aims to minimize selection bias
of memories by including only the first two memories per day
(Berntsen 2009). However, in the present study, the participants were allowed to record the first three memories of the
day and the period of the diary was restricted to 5 days.
Although we had restricted the memory diary period to 5
days, some participants spent longer than this. Two participants spent 13 and 31 days and we excluded them from our
analyses. The remaining participants spent less than 10 days.
Due to the deviation from the instructions, we reviewed the
content of randomly selected diaries that were completed in
more than 5 days and compared them with diaries that were
completed in up to 5 days. We did not find any consistent
differences in content (i.e. themes and richness of memory
descriptions). Therefore, in the end, the participants who recorded their memories within 10 days were included in our
data analyses. Given that participants could record zero to
three memories per day, they finished the diary at different
rates (M = 5.18 days; SD = 1.95). Likewise, given that the
participants could record up to seven involuntary and seven
voluntary memories (max. 14 total), the number of memories
per participant varied (M = 12.75 memories; SD = 2.64). The
groups did not differ significantly in their completion rates,
t(62) = 1.77, p = .081 or number of memories reported, t(65) =
0.722, p = .775.

Data Analyses
We employed bootstrapping when conducting group comparisons as this is considered a robust method for dealing with
non-normality and heteroskedasticity (Field 2013). All confidence intervals (CIs) for group differences are bias-corrected
(BCa) CIs based on 1000 bootstrap samples and are considered statistically significant when they do not include zero.
We examined the hypotheses concerning the relationship
between trait mindfulness and emotion regulation upon memory retrieval employing multilevel modelling (MLM). The
models held 854 observations nested within 67 individuals.
A study that used simulation to estimate sufficient sample
sizes for MLM suggests that a higher-level sample (i.e. participants in the present study) of 50 or more produces accurate
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regression coefficients and variance components, and acceptable estimates of standard errors (Maas and Hox 2005). Level
1 in the models consisted of memory-level variables, including repeated measures of memory emotion regulation nested
within participants as well as retrieval mode. Level 2 consisted
of trait mindfulness and depression group. We selected the
autoregressive model (AR1) as the covariance structure for
the repeated measures. For the remaining parameters, we selected the variance components (VC) covariance structure.
We conducted separate models to predict each of the five
daily emotion regulation strategies assessed: brooding, reflection, memory suppression, expressive suppression, and cognitive reappraisal. The models were tested from simpler (model 1: unconditional) to more complex (model 2: simple predictors and model 3: simple predictors and cross-level interactions) in accordance with best-practice recommendations
(Aguinis et al. 2013). The simple predictors in models 2 and
3 included trait mindfulness (continuous; grand mean
centred), memory retrieval mode (involuntary = 1; voluntary
= 2), and group (no history of depression = 0; remitted depression = 1).
We evaluated the models’ improvement of fit hierarchically, by assessing a significant decrease in − 2 log likelihood (−
2LL) when adding parameters (i.e. simple predictors, random
slopes, and cross-level interactions). Including simple predictors (model 2) significantly improved the fit for brooding,
cognitive reappraisal, and memory suppression, but not for
reflection and expressive suppression compared to the unconditional models. In model 2, random slopes for trait mindfulness improved the goodness of fit for cognitive reappraisal
and brooding but not for memory suppression. In a final step,
we included cross-level interactions (model 3), which improved model fit for brooding and cognitive reappraisal, but
not memory suppression. Therefore, model 2 without random
slopes is interpreted for memory suppression and expressive
suppression, whereas model 3 with random slopes for trait
mindfulness is interpreted for brooding and cognitive reappraisal. We calculated Cohen’s d for significant effects. All
analyses were conducted in SPSS Version 25.

Results
Group Differences in Symptoms and Trait Variables
As shown in Table 1, participants with remitted depression
reported significantly higher depression and stress symptoms
on the DASS than participants with no depression history.
Participants with remitted depression also reported significantly lower trait mindfulness than participants with no history of depression, as well as greater dispositional thought suppression, brooding, reflection, and overall rumination. There
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were no significant between-group differences in cognitive
reappraisal or expressive suppression.

Simple Predictors of Daily Emotion Regulation
Depression Group Table 2 shows the means and SDs in the use
of daily emotion regulation upon memory retrieval for individuals with and without a history of depression. Group differences were examined using MLM. Contrary to expectations, individuals with remitted depression reported significantly greater employment of cognitive reappraisal, d = .31
(Table 3, model 3) upon memory retrieval compared to individuals without a history of depression. Depression remission
did not predict overall employment of other emotion regulation strategies upon memory retrieval.
Trait Mindfulness Our hypothesis regarding an overall relationship between trait mindfulness and emotion regulation
upon memory retrieval was supported for two strategies. As
expected, higher trait mindfulness was significantly related to
higher cognitive reappraisal, d = .36, and lower memory suppression, d = − .51 (see Table 3, models 2 and 3). Contrary to
our expectations, higher trait mindfulness also predicted
higher brooding, d = .26.
Memory Retrieval Mode Involuntary retrieval was related to
greater memory suppression compared to voluntary memories, d = − .28 (Table 3; model 2), in line with previous findings (del Palacio-Gonzalez et al. 2017). The retrieval mode
did not predict the employment of other emotion regulation
strategies upon memory retrieval.

Moderation Effects Predicting Daily Emotion
Regulation
Two-Way Interactions We hypothesized that the memory retrieval mode would moderate the effect of depression history
on emotion regulation upon memory retrieval, as assessed by
a group * retrieval interaction. There was a significant group *
retrieval interaction predicting cognitive reappraisal, d = − .29
(see Table 3; model 3). The follow-up of this interaction indicated that participants with remitted depression reported significantly greater employment of cognitive reappraisal compared to individuals with no depression history, when retrieving involuntary memories, b = 0.31, t(116.24) = 2.67, p =
.009. There were no group differences in cognitive reappraisal
during voluntary retrieval, b = − 0.00, t(137.52) = − 0.052, p =
.958.
We also hypothesized that the relationship between trait
mindfulness and emotion regulation upon memory retrieval
would be moderated by the memory retrieval mode (mindfulness * retrieval interactions). The interactions were significant
for brooding, d = .26, and cognitive reappraisal, d = .34
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Table 1 Differences between never-depressed (n = 32) and remitted-depressed (n = 35) individuals in symptoms, trait mindfulness, and dispositional
emotion regulation
Never depressed
M

Remitted depressed
SD

DASS depression

5.06

DASS anxiety

[3.10, 7.16]
6.53

DASS stress

[4.50, 8.99]
9.69

FFMQ

[7.28, 12.40]
121.22

RRS total

[116.48, 125.90]
42.03

RRS brooding

[37.57, 46.27]
9.44
9.88

ERQ cognitive reappraisal

[11.16, 16.09]
27.91

12.86

8.07

− 4.64

<.001

5.85

[10.12, 15.68]
9.57

7.92

− 1.77

.081

[− 6.46, 0.36]

7.32

[7.30, 12.08]
16.46

8.85

− 3.39

.001

[− 10.99, − 2.43]

15.13

[13.65, 19.45]
111.51

16.07

2.54

.014

[2.59, 16.88]

11.67

[105.99, 116.82]
50.17

9.72

− 3.11

.003

[− 13.59, − 3.09]

[47.09, 53.64]
11.20

2.79

− 2.47

.016

[− 3.21, − 0.39]

3.11

− 1.98

.052

[− 3.20, − 0.09]

3.04

[10.30, 12.12]

47.03

11.46
[10.38, 12.57]

6.58

15.31

4.51

− 1.21

.230

[− 4.38, 1.30]

6.94

[13.78, 16.94]
25.89

6.42

1.24

.220

[− 1.13, 5.11]

10.5

− 2.19

.032

[− 11.53, − 1.19]

[25.42, 30.07]
WBSI thought suppression

[− 11.50, − 4.31]

5.54

3.43

13.63

Mean diff. bootstrap BCa
95% CI

SD

[8.57, 11.09]
ERQ expressive suppression

p

M

[8.33, 10.55]
RRS reflection

t(65)

[23.64, 27.96]
12.17

[42.82, 50.97]

53.15
[48.96, 56.87]

All confidence intervals (CIs) are BCa 95% CIs based on 1000 bootstrap samples
DASS Depression, Anxiety, Stress Scales, ERQ Emotion Regulation Questionnaire, FFMQ Five Facet Mindfulness Questionnaire, RRS Ruminative
Response Scale, WBSI White Bear Suppression Inventory

(Table 3; model 3). For cognitive reappraisal, follow-up analyses of the interaction indicated that higher trait mindfulness
significantly predicted higher cognitive reappraisal during involuntary retrieval, b = 0.02, t(22.56) = 2.50, p = .020, but not
during voluntary retrieval, b = − 0.00, t(48.33) = − .193, p =
.847.
The above significant two-way interaction for brooding
was further explained by a significant trait mindfulness * retrieval * group interaction, d = .36, as was the mindfulness *
group interaction predicting brooding, d = − .45 (Table 3;
model 3). The three-way interaction is explained below.
Table 2 Emotion regulation upon
involuntary and voluntary
autobiographical memory
retrieval in never-depressed (n =
32) and remitted-depressed (n =
35) individuals

Three-Way Interactions To follow-up to the significant trait
mindfulness * retrieval * group interaction, we employed
Preacher’s web utility (Preacher et al. 2003) to determine regions of significance. The results suggested that trait mindfulness moderated the relationship between depression and
brooding for involuntary memories. At lower levels of trait
mindfulness (i.e. FFMQ score below 116), remitted depression predicted greater brooding upon involuntary memory retrieval (when trait mindfulness = 115.70, b = 0.22, p = .050).
At moderate levels of trait mindfulness (i.e. FFMQ scores
between 116 and 139), remitted depression did not predict

Never depressed

Remitted-depressed

Involuntary

Word cued

Involuntary

Word cued

State emotion regulation

M

SD

M

SD

M

SD

M

SD

Brooding

1.42

0.46

1.29

0.57

1.65

0.56

1.42

0.53

Memory suppression

1.85

0.76

1.73

0.71

2.09

0.77

1.70

0.60

Reflection

1.90

0.69

1.99

0.71

2.12

0.58

1.96

0.72

Cognitive reappraisal

1.44

0.50

1.38

0.39

1.65

0.48

1.36

0.42

Expressive suppression

1.79

0.97

1.72

0.83

1.90

0.79

1.75

0.86

285.33
252.92
287.80

− 0.06
− 0.01
− 0.05
− 0.08

Retrieval

Trait mindfulness * retrieval
Trait mindfulness * group

Group * retrieval
0.02

288.33

0.31

Group

Trait mindfulness * group * retrieval

337.59

0.02

285.66

255.94

1.40

Trait mindfulness

330.29

55.42
286.10

Intercept

Model 3 (predictors and interactions)

Retrieval

0.19

Trait mindfulness
− 0.16

49.68

1.57
− 0.00

Model 2 (predictors)
Intercept

Group

246.00

1.46

68.25

df

Intercept

Model 1 (unconditional)

b

Brooding

14.01

25.53

3.05

− 0.64

− 2.22
− 3.55

− 0.72

1.47

2.18

9.31

− 2.74

1.91

− 1.08

t

.002

.526

.027
< .001

.470

.143

.030

< .001

.007

.061

.285

< .001

< .001

p

0.01, 0.04

− 0.32, 0.17

− 0.02, − 0.00
− 0.08, − 0.02
0.01

− 0.31

− 0.02
− 0.02

− 0.01

0.62

− 0.10, 0.72
− 0.24, 0.11

0.03

1.39

0.00, 0.04

1.10, 1.70

− 0.20

0.15

− 0.28, − 0.05

− 0.01, 0.38

1.68

1.48

0.00

b

− 0.01, 0.00

1.35, 1.79

1.34, 1.57

95% CI

257.21

259.68

257.53
273.64

261.09

320.01

271.17

317.82

286.53

149.39

41.01

315.18

66.58

df

1.86

1.01

14.69

31.81

1.20

− 2.32

− 2.76
− 1.37

− 0.08

2.81

2.98

8.78

− 2.98

t

Cognitive reappraisal

.230

.021

.006
.172

.934

.005

.003

< .001

.003

.065

.284

< .001

< .001

p

− 0.01, 0.03

− 0.58, − 0.05

− 0.03, − 0.00
− 0.05, 0.01

− 0.20, 0.18

0.18, 1.05

0.01, 0.05

1.08, 1.70

− 0.32, − 0.07

− 0.01, 0.32

− 0.00, 0.01

1.45, 1.90

1.38, 1.57

95% CI

2.14

1.85

− 0.20

0.02

− 0.01

b

285.44

65.57

65.15

275.66

65.29

df

13.27

26.10

− 2.39

0.10

− 2.08

t

Memory suppression

Multilevel models with main effects and interactive effects predicting state emotion regulation employed upon retrieval of autobiographical memories

Predicting variables

Table 3

.017

.917

.041

< .001

< .001

p

− 0.37, − 0.04

− 0.27, 0.30

− 0.02, − 0.00

1.82, 2.46

1.71, 1.99

95% CI
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brooding upon involuntary memory retrieval. Finally, at high
levels of trait mindfulness (i.e. FFMQ scores above 139), participants in remission from depression reported less brooding
upon involuntary memory retrieval compared to participants
with no history of depression (when trait mindfulness =
139.45, b = − 0.42, p = .050). For voluntary memories, remitted depression did not predict brooding, irrespective of trait
mindfulness level.

Supplementary Analyses: Effects of Depression
Symptoms and Memory Valence
Elevated depression symptoms are not uncommon during depression remission (e.g. Fava et al. 2007). Participants with
remitted depression in the current study reported significantly
higher depression scores than participants without a history of
depression. Therefore, we examined whether the effects found
in the present study were driven by high depression scores in
the depression remission group, as opposed to an underlying
vulnerability during remission. We conducted supplemental
analyses controlling for depression symptoms in betterfitting multilevel models (Table 3, model 2 and model 3).
For brooding and cognitive reappraisal, all statistically significant effects from the main analyses remained significant after
controlling for depression symptoms. For memory suppression, all statistically significant effects from the main analyses
remained significant, except trait mindfulness (p = .083). That
is, when the effect of depression symptoms was controlled for,
the effect of trait mindfulness on memory suppression was no
longer statistically significant.
Lastly, we examined whether the emotion regulation in our
main analyses was driven by memory valence. For brooding
and cognitive reappraisal, all statistically significant effects
from the main analyses (Table 3) remained significant after
controlling for memory valence. For memory suppression, all
significant effects shown in Table 3 remained significant, except trait mindfulness (p = .170). That is, when the effect of
memory valence was controlled for, the effect of trait mindfulness on memory suppression was no longer statistically
significant. This might suggest that the relationship between
trait mindfulness and memory suppression is valence
dependent.

Discussion
The aims of the present study were twofold. First, we wanted
to assess whether depression remission predicted emotion regulation upon involuntary and voluntary retrieval of autobiographical memories. Second, we investigated the relationship
between trait mindfulness and emotion regulation employed
upon autobiographical memory retrieval in individuals with
and without a history of depression. We also explored the
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potential moderating role of memory retrieval mode in the
relationships between mindfulness, past depression, and emotion regulation upon memory retrieval.
We found that the relationship between depression remission and emotion regulation upon memory retrieval was moderated by memory retrieval mode in predicting the use of
brooding and cognitive reappraisal. Individuals with remitted
depression reported higher employment of cognitive reappraisal during involuntary retrieval but not during voluntary
retrieval, compared to individuals with no depression history.
Remission from depression was also associated with greater
brooding upon involuntary memory retrieval, but only if trait
mindfulness was low. When trait mindfulness was higher,
participants with remitted depression no longer reported greater brooding than participants with no history of depression.
The moderated relationship between depression remission
and brooding indicates that experiencing involuntary memories may foster a heightened use of brooding among individuals with remitted depression who exhibit low trait mindfulness. The fact that this pattern remained after controlling for
depression symptom severity suggests that it reflects an underlying vulnerability as opposed to a concomitant phenomenon of acute depressive symptoms. The findings also indirectly suggest that high trait mindfulness may protect against such
vulnerability.
The positive relationship between depression remission
and cognitive reappraisal upon involuntary memory retrieval
is consistent with other studies in which dysphoric individuals
employed numerically (albeit not significantly) greater state
cognitive reappraisal compared to controls (del PalacioGonzalez et al. 2017; Ehring et al. 2010). On the other hand,
it is in contrast with the current study’s and previous studies’
findings for trait levels of cognitive reappraisal. Specifically,
in the present study, we found that individuals with and without a history of depression did not differ in their trait use of
cognitive reappraisal, while previous studies have found either
no difference or lowered trait cognitive reappraisal in individuals in remission from depression (for a review, see Dryman
and Heimberg 2018).
These inconsistencies between trait and state cognitive reappraisal may highlight the importance of considering contextual factors for emotion regulation (e.g. state vs. trait emotion
regulation) when investigating emotion regulation and depression vulnerability. Another important consideration is that,
although cognitive reappraisal is generally regarded as an
adaptive emotion regulation strategy (Gross and John 2003),
the use of this strategy during depression does not directly
point to successful emotion regulation. In particular, there is
evidence that individuals with remitted depression fail to show
an inverse relationship between activation in the ventromedial
prefrontal cortex (VMPFC) and amygdala during cognitive
reappraisal, compared to healthy individuals (Johnstone
et al. 2007). This lack of inverse association between
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activation in the VMPFC and amygdala may indicate less
successful emotion regulation, as the medial PFC has been
implicated in amygdala downregulation. In our study, we
did not assess the effects of employing cognitive reappraisal
upon memory retrieval. Therefore, it is unclear whether the
higher use of cognitive reappraisal during depression remission reflects efficient emotion regulation or, alternatively, a
vulnerability characterized by unsuccessful reappraisal
efforts.
Beyond the effects of depression remission, we found
that high trait mindfulness was related to state emotion
regulation in two ways: lower memory suppression and
higher cognitive reappraisal. Regarding memory suppression, the finding is consistent with studies that have found
an inverse relationship between trait mindfulness and
thought suppression at the trait level (Thompson and
Waltz 2010), as well as with conceptualizations of trait
mindfulness (e.g. non-judging and non-reactivity; Baer
et al. 2006). From this perspective, our data suggest that
more mindful individuals may be more likely to acknowledge and accept their autobiographical memories, rather
than trying to suppress them. As greater employment of
thought suppression predicts higher levels of subsequent
depression (Rude et al. 2002), high trait mindfulness and
the associated lower suppression of autobiographical
memories may reduce the risk of future depression. It is
important to note that the effect of trait mindfulness on
memory suppression did not remain significant when controlling for memory valence. This may suggest a valencedependent effect for this emotion regulation strategy that
could be explored more systematically in future studies.
In the case of cognitive reappraisal, we found that more
mindful individuals, irrespective of depression history,
employed greater cognitive reappraisal upon retrieving involuntary, but not voluntary, memories compared to less mindful
individuals. This finding is partly consistent with previous
studies suggesting a positive relationship between trait mindfulness and dispositional cognitive reappraisal (Desrosiers
et al. 2013; Hanley and Garland 2014), but underscores the
importance of understanding the nature of the cognitions triggering emotion regulation. Specifically, our finding suggests
that trait mindfulness has a greater influence on cognitive
reappraisal for memories that occur spontaneously than memories that occur voluntarily. Along with our findings for
brooding, the above finding lends initial support to the idea
that mindfulness may be particularly useful for targeting emotional responses to involuntary or spontaneous cognition
(Díaz et al. 2014; Emerson et al. 2018) as opposed to voluntary or effortful cognition.
Our findings have implications for vulnerability models of
depression. Spontaneous cognition has been proposed to trigger cognitive processes that are associated with depressogenic
vulnerability (e.g. Marchetti et al. 2016). One of the suggested
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routes of vulnerability is that spontaneous cognition activates
maladaptive emotion regulation, such as rumination. Such
notion is best tested if emotion regulation is compared during
the retrieval of spontaneous versus non-spontaneous cognition, which was done in the current study. Present findings
do lend some support to the idea that spontaneous cognition
fosters depressogenic processes in individuals at risk of depression, especially when they display low habitual use of
mindfulness. Our findings suggest that such vulnerability
may be characterized by a heightened reliance on brooding
when autobiographical memories are retrieved involuntarily,
irrespective of memory valence.

Limitations and Future Research
There were limitations to our study that should be considered
when interpreting its results. Our sample size was relatively
small, and we collected fewer memories than in previous autobiographical memory studies (typically 20 or more).
Further, our sample was drawn exclusively from a student
population, which decreases the generalizability of our findings to clinical settings. Future studies should test whether our
findings are replicated in larger, clinical samples.
Another limitation relates to the way voluntary memories
were cued. We employed a word-cue paradigm to maximize
the distinction between voluntary and involuntary memories
(see del Palacio-Gonzalez et al. 2017 for more discussion of
the method). However, using word cues to elicit autobiographical memories may not be representative of everyday
experiences of voluntary memories (Rasmussen et al. 2014).
Future studies should test whether our findings are replicated
for voluntary memories elicited in everyday contexts (e.g. in
response to social interactions).
In the present study, we examined overall level of mindfulness skill in relation to a selection of emotion regulation
strategies. Future studies should also investigate how specific
facets of mindfulness relate to daily use of emotion regulation
strategies, as there is evidence that certain facets may better
predict emotion regulation than others (Petrocchi and
Ottaviani 2016). This may be particularly important for reflection and expressive suppression, for which we did not find any
relationship with overall trait mindfulness. In the present
study, sample size did not allow this question to be examined.
Future studies could also explore whether mindfulness-based
interventions influence state emotion regulation upon retrieval
of autobiographical memories.
Finally, since the measures of emotion regulation
employed upon memory retrieval consisted of only one item
per emotion regulation strategy, we were not able to capture
all the conceptual richness of the emotion regulation strategies
assessed. Future research could incorporate more substantial
assessments of state emotion regulation strategies.

2838

Notwithstanding these limitations, the findings in the present study provide insights into everyday emotion regulation
impairments associated with depression vulnerability, and the
potential protective role of mindfulness for such impairments.
They call for further research in the field intersecting autobiographical memory, emotion regulation, mindfulness, and depression prevention.
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