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Abstract

Rumination is a well-established vulnerability factor for depression that may exert deleterious
effects both independently and in interaction with stress. The current study examined momentary
ruminative self-focus (MRS) and stress-reactive rumination (SRR) as predictors of depressive
symptoms utilizing a smartphone ecological momentary assessment (EMA) design. 121
undergraduates responded to four text message alerts per day for one week in which they indicated
the occurrence of life stress, rumination, and depressed mood. SRR, but not MRS, independently
predicted increases in depressive symptoms. MRS interacted with depressive symptoms to predict
increases in symptoms at the subsequent timepoint, supporting the deleterious effects of depressive
rumination on future mood state. Interactions emerged between stress and both MRS and SRR,
such that experiencing higher levels of stressors and rumination at an observation predicted greater
increases in depressive symptoms. To our knowledge, this study is the first to demonstrate that
state rumination moderates the effect of stress in predicting depressive symptoms using EMA
methodology. Results suggest that rumination levels in response to stress vary within individuals
and can have an important effect on depressed mood. Findings may have important clinical
implications, as lessening individuals’ tendency to engage in rumination following stress may help
to alleviate depressive symptoms.
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Major depressive disorder (MDD) is the most common psychiatric disorder, associated with
major personal, societal, and economic costs (Birnbaum et al., 2010; Kessler, Merikangas, &
Wang, 2007). Rumination, characterized by repetitive, passive thoughts about the symptoms,
causes, and future repercussions of one’s depression, is thought to perpetuate depressed
mood, as outlined in the response styles theory of depression (Nolen-Hoeksema, 1991).
Indeed, a wealth of research has established trait rumination’s role as a major risk factor for
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MDD that is predictive of the onset, length, and number of depressive episodes experienced
(Wisco & Nolen-Hoeksema, 2008). However, the influence of rumination at the state level is
less clear. The current study utilized ecological momentary assessment (EMA) methodology
to better understand the role of state rumination and stress as predictors of depressive
symptoms over time.

Rumination may contribute to depression in interaction with the experience of life stress, in
line with the well-supported vulnerability-stress model of depression (Abramson et al.,
2002; Hammen, 2005). Indeed, in an influential early study conducted within a nonclinical
sample, students scoring higher in initial levels of trait rumination demonstrated greater
increases in depressive symptoms following the experience of a major stressor, the 1989
Lomo Prieta earthquake (Nolen-Hoeksema & Morrow, 1991). This relationship also has
been supported in nonclinical experimental paradigms, in which individuals who either
scored higher on self-report measures of rumination (Feldner, Leen-Feldner, Zvolensky, &
Lejuez, 2006) or underwent a rumination induction (Watkins, Moberly, & Moulds, 2008)
demonstrated greater increases in depressive symptoms following an in-lab stressor.

An extension of this literature has examined rumination occurring after the experience of
stress, referred to as stress-reactive rumination (SRR; Robinson & Alloy, 2003). Individuals
engaging in SRR make negative inferences about the events that they have experienced and
ruminate about these beliefs, such as that the event’s occurrence was entirely their fault.
Those displaying higher trait levels of SRR, as measured by the Stress-Reactive Rumination
Scale (SRRS; Robinson & Alloy, 2003), are more likely to experience major depressive
disorder over time, suggesting that SRR serves as an important vulnerability for MDD
(Alloy et al., 2000; Robinson & Alloy, 2003).

Given that SRR occurs in response to life stress, it is vital to study its frequency following
the experience of actual stressors. A daily diary study of undergraduates found that although
SRR did not independently predict depressive symptoms, there was a significant positive
interaction between SRR and number of stressors per day in predicting same-day depressive
symptoms, consistent with a vulnerability-stress framework (Genet & Siemer, 2012).
Ecological momentary assessment (EMA) designs, in which the occurrence of rumination
and stress are measured multiple times per day, have found that momentary rumination
mediated the role of life stress in prospectively predicting depressive symptoms in both
nonclinical (Moberly & Watkins, 2008a) and clinical samples (Ruscio et al., 2015).
Although neither study found momentary;, state-level rumination to moderate the role of
stress in predicting depression, such a relationship was reported between frait rumination
and daily stress, providing support for response styles theory (Moberly & Watkins, 2008a).

In addition to examining the effect of SRR on depressive symptoms, the degree to which
individuals engage in ruminative, self-focused thought irrespective of proximal stressors is
also worthy of study. A novel line of research has investigated the relationship between
momentary ruminative self-focus (MRS) during periods of rest, in which individuals are not
engaged in a specific task and their minds are able to wander, and their subsequent mood
symptoms. A nonclinical study of undergraduates found that those who scored higher on a
baseline scale of cognitive reactivity and engaged in more ruminative, internally-focused
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thought during rest, as measured by the Momentary Ruminative Self-focus Inventory
(MRSI; Mor, Marchetti, & Koster, 2013) showed increased depressive symptoms (Marchetti,
Koster, & De Raedt, 2013). Furthermore, nonclinical EMA studies have found that engaging
in negative ruminative self-focus, irrespective of the occurrence of proximal stressors,
predicts depressive symptoms both concurrently (Ottaviani et al., 2015; Takano & Tanno,
2010) and prospectively (Moberly & Watkins, 2008b), and has been linked to increased
heart rate and decreased autonomic flexibility (Ottaviani et al., 2015). Thus, these findings
indicate that momentary rumination is also an important vulnerability factor for depressive
symptoms independent of the experience of life stress. Indeed, given extensive research
demonstrating the negative effects of ruminating about one’s depression, it is likely that the
effects of momentary rumination would be exacerbated when concurrently experiencing
down mood (Wisco & Nolen-Hoeksema, 2008). Focused examination of the relationship
between current mood state and momentary rumination in predicting subsequent depressive
symptoms is needed.

Together, this research emphasizes the need to examine the relationships between
rumination, life stress, and depressive symptoms as they occur in real-time utilizing EMA
techniques. The use of this methodology is important for several reasons. First, EMA
assessment is less likely to fall victim to recall biases in which individuals provide
inaccurate retrospective reports of rumination levels or stress. Second, these designs capture
stress and ruminative processes in a natural setting, versus in structured laboratory
paradigms, which may not generalize to real-world experiences. Third, the use of EMA
results in many data points, allowing for examination of temporal relationships as well as
providing increased confidence in the reliability of the data (Armey, Schatten, Haradhvala,
& Miller, 2015; Shiffman, Stone, & Hufford, 2008; Stone et al., 1998; Wenze & Miller,
2010). Furthermore, it has been demonstrated that rumination levels fluctuate over time and
are modestly stable at best, suggesting that trait measures may not accurately capture the
phenomenology of this construct (Moberly & Watkins, 2008a; Takano & Tanno, 2011).

Current Study

The current study sought to build on previous findings by utilizing an EMA design to assess
the role of both momentary ruminative self-focus irrespective of proximal stressors (e.g.,
Right now; | am thinking about the possible meaning of the way [ feel) and stress-reactive
rumination in response to stressor occurrence (e.g., /’m thinking about how the stressful
event is all my faulf) in predicting depressive symptoms over time. Participants responded to
text message alerts on their smartphones four times a day for one week, in which they
indicated the occurrence of life stressors, their degree of engagement in SRR directly after
event occurrence, and their current mood state and level of momentary ruminative self-focus
regardless of whether a stressor was reported. The SRR and MRS measures were derived
from the validated SRRS and MRSI questionnaires, respectively. Trait measures of
rumination and depression also were collected at a baseline session.

It was hypothesized that observation-level increases in both MRS and SRR relative to
individuals’ mean levels would independently predict increases in depressive symptoms, and
that individuals with higher mean levels of MRS and SRR across the EMA week would
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display greater increases in depressive symptoms. In addition, MRS was hypothesized to
interact with depressive symptoms at the same timepoint to predict increases in subsequent
symptoms, given established deleterious effects of ruminating about one’s depressed mood.
Significant interactions were hypothesized to emerge between stressor occurrence and both
state-level MRS and SRR in predicting increases in depressive symptoms over time. Finally,
in accordance with response styles theory, it was hypothesized that significant interactions
would emerge between trait measures of rumination collected at baseline and the experience
of stress during the EMA week in predicting prospective increases in depressive symptoms.

The present EMA study is the first to examine both momentary ruminative self-focus and
stress-reactive rumination within the same design, and is the first to derive its momentary
rumination items directly from the SRRS and MRSI questionnaires in order to best assess
these constructs. Furthermore, previous depressive symptoms serve as controls in all
analyses, allowing for truly prospective tests of increases in depressive symptoms. It is
important to note that previously conducted EMA and daily diary studies either did not
control for depressive symptoms at the previous observation (Genet & Siemer, 2012;
Moberly & Watkins, 2008a; Takano & Tanno, 2010) or their effects were no longer
significant when doing so (Ruscio et al., 2015), precluding interpretations that momentary
rumination predicted relative increases in depressive symptoms over time, and thus,
highlighting a necessary area of further study.

The current design allows for a thorough examination of rumination’s contribution to
temporal changes in depressive symptoms, both independently and in interaction with
current mood and stress, during participants’ daily functioning outside of the laboratory.
Findings from this research not only will serve to better characterize the nature of ruminative
thought patterns, but also will help to identify the ways in which rumination contributes to
depressed mood, allowing for more targeted interventions with the ultimate goal of
alleviating depressive symptoms.

Method

Participants

One hundred twenty-two undergraduate and graduate students of varied disciplines were
recruited from the online study pool of the Temple University psychology department. For
inclusion, participants were required to be age 18 or older, fluent in English, and cognitively
able to complete all study components. Participants were offered the choice of cash or
course credit as compensation for study participation. This study was approved by the
Temple University Institutional Review Board and all participants provided informed
consent prior to participation. One participant withdrew due to time constraints, resulting in
a final sample of 121 participants (Mage = 21.74 years + 5.21, range: 18 - 50). The sample
was 69.4% female and racially and ethnically diverse (54.5% White, 18.2% Black, 14%
Asian, 9.1% Hispanic, and 4.2% Biracial).
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Semi-structured diagnostic interview

Schedule of Affective Disorders and Schizophrenia, Lifetime (SADS-L, Endicott &
Spitzer, 1978): The current study utilized the depression module of the expanded version of
the SADS-L semi-structured diagnostic interview (exp-SADS-L; see Alloy et al., 2012).
This modified version included additional probes to allow for diagnosis of DSM-IV-TR
(American Psychiatric Association, 2000) depressive disorders. The depression module of
the exp-SADS-L was conducted by student investigators who received extensive training in
interview administration, including assigned readings, case vignettes, role-playing,
conducting supervised live interviews, and regular case conferencing to achieve consensus
regarding diagnostic impressions. Exp-SADS-L interviews administered by researchers
trained using this protocol display high interrater reliability with kappas > .80 (Alloy et al.,
2000).

Trait-level questionnaires

Stress-Reactive Rumination Scale (SRRS; Robinson & Alloy, 2003): The SRRS is a 25-
item questionnaire assessing the extent to which individuals direct their focus on negative
attributions and inferences, hopeless cognitions, and coping and problem-solving strategies
following the experience of life stress. Participants rate their degree of focus from 0% (Not
focus on this at all) to 100% (Focus on this to a great extent). The current study utilized the
9-item negative attributions and inferences subscale, which has demonstrated good test-
retest reliability, internal consistency and validity in predicting major depressive episodes
(Robinson & Alloy, 2003). For ease of interpretation, total scores were divided by ten in the
current analyses, creating a response range of 0 to 90.

Ruminative Response Scale of the Response Styles Questionnaire (RRS; Nolen-
Hoeksema & Morrow, 1991): The RRS contains 22 items assessing a person’s tendency to
think about the symptoms, causes, and consequences of their depressed mood. A subsequent
psychometric analysis of the RRS, intended to better isolate the construct of ruminative
thought from overall depressive symptomatology, resulted in the removal of 12 items and the
creation of reflective and brooding subscales (Treynor, Gonzalez, & Nolen-Hoeksema,
2003). The current study utilized the 5-item brooding subscale (RRS-B), which measures
more passive, repetitive cognitions regarding one’s depressed mood and is thought to
represent maladaptive rumination. The RRS is internally consistent and moderately
correlated with alternative measures of rumination (Nolen-Hoeksema & Morrow, 1991;
Siegle, Moore, & Thase, 2004).

Beck Depression Inventory (BDI-11; Beck, Steer, & Brown, 1996): On a scale of 0 to 3,
participants rate the degree to which they experienced symptoms of depression during the
past two weeks. The BDI-I1 is the most widely used self-report measure of depressive
symptoms and has demonstrated excellent internal consistency and validity in
undergraduates (Dozois, Dobson, & Ahnberg, 1998; Storch, Roberti, & Roth, 2004).
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EMA questionnaires

Stress-Reactive Rumination Scale-State (SRRS-S): The SRRS-S is a modified 5-item
version of the SRRS (Robinson & Alloy, 2003) created to measure participants’ responses
directly after the experience of stress during the EMA week. It includes one item per
component of the negative inferences and attributions domain: Negative Attributions/Stable
(Think about how things like this always happen to you), Negative Attributions/Global
(Think that the cause of the event will lead to additional stressful events in your Iife),
Negative Attributions/Internal ( Think about how the stressful event is all your faull),
Negative Inferences/Self ( Think about what the occurrence of the event means about you),
and Negative Inferences/Future ( 7hink about how the negative event will negatively affect
your future). The SRRS rating scale of 0 to 100% was presented as a slider bar on
participants’ smartphones. For ease of interpretation, total scores were divided by ten in the
current analyses, creating a response range of 0 to 50. The SRRS-S had an a = .81 and was
moderately correlated with baseline SRRS (r=.49) and RRS-B (r=.36) scores in this
sample.

Momentary Ruminative Self-Focus Inventory-Abbreviated (MRSI-A): The MRSI is a 6-
item questionnaire measuring state-level fluctuations in ruminative self-focus (Mor et al.,
2013). Three items were chosen for use during the EMA week, referred to here as the
MRSI-A: 1) Right now; 1 am thinking about how happy or sad | feel, 2) Right now;, | wonder
why [ react the way I do, and 3) Right now, | am thinking about the possible meaning of the
way | feel. Participants indicated their degree of rumination at the time of the alert using a
fixed 7-point Likert scale, ranging from 1 (Strongly disagree) to 7 (Strongly agree). The
MRSI has displayed excellent internal consistency and is moderately correlated with
alternative measures of rumination (Mor et al., 2013). The MRSI-A had an a = .85 and was
moderately correlated with baseline RRS-B (r=.25) and SRRS (r=.31) scores in this
sample.

State Depression Scale (SDS): The SDS is a 3-item scale in which participants rated their
level of depressed mood, anhedonia, and irritability on 7-point Likert scales ranging from 1
(Not at all) to 7 (Very much) at the time of the alert. The SDS is in part modeled after a scale
used in a previous EMA study of rumination and depression (Moberly & Watkins, 2008a).
The scale was presented as a slider bar on participants’ smartphones. The SDS had an a =.
77 and was strongly correlated with baseline BDI scores (r=.50) in this sample.

At the Time 1 in-laboratory assessment (T1), participants completed the consenting process,
the SADS-L, all trait-level self-report questionnaires (SRRS, RRS, BDI-II), and a briefing
on the EMA procedure. Participants completed a sample text message alert sent to their
smartphones and reviewed their responses with the researcher to ensure proper EMA
functioning and procedure comprehension. Beginning one day following the in-lab
assessment, participants received four smartphone alerts per day for seven days during a 12-
hour period that they chose based on their anticipated schedule during the EMA week (e.g.,
11 AM to 11 PM). Alerts were programmed at random times occurring a minimum of 90
minutes apart within four three-hour periods. Alerts were sent using the online text message
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reminder service OhDontForget.com and contained a link to a questionnaire on the
customizable survey website FluidSurveys.com. Participants were instructed to respond to
each alert within 30 minutes of receiving the text message and were informed that they
would receive a cash or credit bonus if they completed at least 80% of EMA questionnaires
within this window.

At each EMA alert, participants reported if any stressors had occurred since the previous
alert within the following categories: school, work, social relationships, money, health, other.
Participants were able to indicate up to two events per category. For each event, participants
wrote a brief description of the occurrence and completed the SRRS-S. To prevent
participants from neglecting to report stressors experienced in order to complete alerts faster,
participants reporting no events indicated a neutral or positive event that occurred during the
time period and completed an alternate version of the SRRS-S modified for neutral/positive
events. This modified version was intended primarily to encourage accurate reporting and
scores were not examined in the current study. Participants also completed the MRSI-A and
SDS at each alert. In sum, at each alert participants reported event occurrence since the last
alert and SRR at the time of the event (T g) and also rated their current level of MRS and
depressive symptoms at the time of the alert (T 4). One week following EMA completion,
participants returned to the laboratory for a follow-up session to complete additional
questionnaires and receive compensation.

Statistical Analyses

Hierarchical linear modeling analyses were performed using HLM 7 Hierarchical Linear and
Nonlinear Modeling (Raudenbush, Bryk, & Congdon, 2010). EMA observations (Level 1)
were nested within individuals (Level 2), in order to differentiate between within-person and
between-person variance in predicting depressive symptoms over time.

Momentary ruminative self-focus analyses—HLM analyses tested whether stressor
occurrence interacted with MRS at the time of the alert (T 4 MRSI-A) to predict depressive
symptoms at the subsequentalert (T 4.7 SDS), controlling for depressive symptoms at the
previous alert (T 4—; SDS), in order to capture change in depressive symptoms over time.1
Although participants had the option to report multiple stressors per alert, participants
reported only one event at 85% of the alerts (skewness = 1.21). To correct for the non-
normality of this distribution, stressor occurrence was dummy coded to indicate either the
absence or presence of any stressors at an alert. The Level 1 model can be described as:

SDStj:7T0i+7'f'17j(Stl'eSSt;j)-f—ﬂ'zi(h’{RSI- Am‘)-l—?'rgi (Stress X MRSI- Ati)+7747j (lagged SDSti)+eti

SDS;; refers to depressive symptoms at observation #(T 4.7) for individual / being predicted
by stressor occurrence, rumination, and the interaction between these two variables at
observation ¢ (T 4) for individual / controlling for previous alert depressive symptoms

(Ta-2)-

IThese analyses were not also run predicting depressive symptoms at the concurrent alert (TA SDS), given that MRSI-A and SDS
scores measured rumination and depressive symptoms occurring at the same time, precluding tests of causality.
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MRSI-A scores were person-mean centered to best capture the effect of fluctuations in
rumination relative to individuals’ mean levels during the EMA week; the interaction term
was created by multiplying this mean centered variable by the dummy coded stress variable.
Time between alerts was not a significant predictor of depressive symptoms, and therefore,
was not controlled for in the model. The Level 2 model can be described as:

moi=PBo0+ P01 (Aggregated Stress;)+So2 (Aggregated MRSI- A;)+5p3(T1 BDI;)4 SBoa(T1 SRRS;)+ro;

Aggregated stress and MRSI-A variables were included to account for participants’ average
experience of stressors and rumination throughout the EMA week. These scores were
controlled for at Level 2 to partition within-person variance, referring to fluctuations in
stress and MRSI-A scores from alert to alert within individuals at Level 1, from between-
person variance, referring to differences in participants’ average number of stressors and
rumination over the EMA week. T1 BDI-II score and SRRS score were controlled for, as
they were significant (BDI-11; B= .13, p<.05) and marginally significant (SRRS; B=.03, p
<.10) predictors of Ta+1 SDS, controlling for Ta-1 levels. RRS-B score, age, sex, and
history of MDD were not significant predictors and were not controlled for in the model. All
Level 2 variables were grand-mean centered. Allowing the slopes of all Level 1 predictors to
randomly vary resulted in a significantly improved model fit ()(2(9) =25.04, p<.01),
indicating that the effect of these variables differed between people; therefore these random
effects were retained in analyses.

To test the interaction between momentary rumination and current depressive symptoms, the
Level 1 interaction of stress and MRSI-A was removed and replaced with an interaction
between MRSI-A and concurrent depressive symptoms (T SDS). The aggregated stress
variable was removed from Level 2 and replaced with an aggregated SDS variable. Cross-
level analyses were conducted by removing the Level 1 interaction of stress and MRSI-A,
and instead including the interaction term derived from the Level 2 variable of interest
(SRRS or RRS-B) and Level 1 stress score. Each interaction term was tested separately. The
independent effects of all Level 2 variables also were controlled for. These cross-level
analyses were run both predicting depressive symptoms at the subsequent timepoint (T a+1
SDS) and the concurrent timepoint (Ta SDS), controlling for previous symptoms (T a-1
SDS).

Consistent with previous research and recommendations (Baron & Kenny, 1986; Moberly &
Watkins, 2008a) mediation analyses utilized HLM to assess for significant relationships
between 1) stress and next alert depressive symptoms, 2) stress and MRSI-A, and 3) MRSI-
A and next alert depressive symptoms, controlling for previous depressive symptoms at
Level 1 and aggregated stress and MRSI-A scores, T1 BDI, and T1 SRRS at Level 2.

Stress-reactive rumination analyses—These analyses tested the interaction between
stress and SRRS-S score in predicting depressive symptoms over time. The SRRS-S was
only completed if a participant indicated the occurrence of a stressor; given that there were
no SRRS-S data at alerts for which no stress was reported, this interaction could not be
tested utilizing the above alert-level procedure with a dummy-coded stress variable. Instead,
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composite per-day variables were created from all Level 1 measures to allow for variability
in number of stressors experienced, as these scores take into account a maximum of four
alert responses per day. As SRRS-S refers to rumination at the time of the event (Tg) and is
reported retrospectively, and SDS score refers to depressive symptoms at the time of alert
completion (Tp), it was deemed appropriate to predict to SDS on the same day as well as the
subsequent day, given temporal difference in these variables. The Level 1 model can be
described as:

SDSy;,=mo;i+m1; (StI’eSSm‘)+7T2i(SRRS—Sti)+7T37j (Stress X SRRS- Sti)+7r4qj (lagged SDSti)-‘r-em'

SDS;;refers to depressive symptoms at observation ¢ (T p when predicting to the average of
alerts on the same day, Tp+1 When predicting to next day), averaged per day for individual /,
being predicted by total stress per day, average SRRS-S per day, and the interaction between
these two variables at observation #(Tp) for individual / controlling for previous day
depressive symptoms (T 5- ;). Stress and SRRS-S scores were person-mean centered, and the
interaction term was derived from these centered values. Time between measurements was
not a significant predictor of depressive symptoms and therefore was not controlled for in
the model. The Level 2 model can be described as:

m0i=0o0+Po1 (Aggregated Stress;) +[o2 (Aggregated SRRS—S;)+ Bo3(T1 BDI;) +504(T1 SRRS;)+70;

T1 BDI-II score and SRRS score were controlled for, as they were significant or marginally
significant predictors of Tp and Tp+1 SDS (Bs> .03, s < .06), controlling for Tp-1 levels.
RRS-B score, age, sex, and history of MDD were not significant predictors and were not
controlled for in the model. All Level 2 variables were grand-mean centered. Allowing the
slopes of all Level 1 predictors to randomly vary did not result in a significantly improved
model fit (12(9) =12.22, p> .05); therefore, these random effects were not retained in
analyses. The conditional effects (simple slopes) of significant interactions were probed
using the protocol set forth by Preacher, Curran, and Bauer (2003).

Mediation analyses utilized HLM to assess for significant relationships between 1) stress
and same day/next day depressive symptoms, 2) stress and SRRS-S, and 3) SRRS-S and
same day/next day depressive symptoms, controlling for previous depressive symptoms at
Level 1 and aggregated stress score, T1 BDI, and T1 SRRS at Level 2.

Results

Preliminary Analyses

Participants completed a total of 2,933 EMA alerts. Five percent of alerts were completed
more than 30 minutes after receipt and were removed from analyses, resulting in a total of
2,791 alerts. Participants responded to 82% of alerts on time (23.07 alerts + 3.78), which is
comparable to response rates reported in similar EMA studies (Moberly & Watkins, 2008a;
Ruscio et al., 2015). Number of alerts completed did not significantly differ based on age,
sex, history of MDD, BDI, SRRS, or RRS-B score. Participants reported experiencing at
least one negative event at 46% of completed alerts, with a maximum of five stressors being
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reported at any one alert. When alerts were summed within days, participants reported
experiencing at least one negative event on 78% of the days, with a maximum of seven
stressors being reported on any one day. Descriptive statistics for all measures are presented
in Table 1. Intraclass correlations (ICCs) indicate that about half of the variance in Level 1
measures (range: 43-52%) existed between individuals, with the remaining variance being
within individuals; these values are consistent with previous designs (Genet & Siemer, 2012)
and indicate that a hierarchical linear modeling approach is appropriate.

There was a significant range in depressive symptoms within the sample as measured by the
BDI-1I (M= 11.88 + 8.16). Forty-one percent of the sample met criteria for having
experienced at least one major depressive episode (MDE) in their life (#7=50) and 17% (n
=21) had a history of multiple MDEs. These rates are consistent with findings from several
rigorous longitudinal studies of depression including the Oregon Adolescent Depression
Project, which assessed for incidence of a major depressive episode up to age 30 (51% of
sample; Rohde, Lewinsohn, Klein, Seeley, & Gau, 2012) and the Dunedin Study, measuring
incidence up to age 32 (41% of sample; Moffitt et al., 2010).

Momentary Ruminative Self-Focus Analyses

Experiencing a stressor at a given alert significantly predicted increases in next alert
depressive symptoms, controlling for previous alert depressive symptoms (B = .47, p< .01,
Table 2); experiencing a greater overall proportion of stressors during the EMA week
(aggregated stress) also significantly predicted increases in depressive symptoms over time
(B=3.24, p<.001). The effects of both alert-level fluctuations in ruminative self-focus
(MRSI-A) relative to an individual’s mean, as well as average levels of MRSI-A during the
EMA week (aggregated MRSI-A) were not significant in predicting increases in depressive
symptoms (55 < .09, ps >.10). Ruminative self-focus significantly interacted with
concurrent depressive symptoms to predict increases in depressive symptoms at the next
timepoint (B= .01, p<.05).

There was a significant positive interaction between stress and MRSI-A in predicting
increases in depressive symptoms at the next alert, controlling for previous alert symptoms
(B=.10, p<.05; Table 2), such that engaging in high levels of momentary ruminative self-
focus relative to one’s mean at alerts in which a stressor was reported led to significantly
greater increases in depressive symptoms at subsequent alerts compared to alerts at which
rumination was high but no stressor was endorsed (conditional effect = .77, p < .01; Figure
1). When MRSI-A levels were low relative to individuals’ means, the presence or absence of
a stressor did not significantly influence the prediction of subsequent depressive symptoms
(conditional effect = .18, p> .10). There also was a significant effect such that, the
experience of stress coupled with higher than average MRSI-A levels predicted significantly
greater increases in depressive symptoms at subsequent alerts compared to alerts at which a
stressor was reported but MRSI-A was low (conditional effect = .08, p < .05). Conversely,
differences in relative level of MRSI-A did not significantly affect subsequent depressive
symptoms when no stressor was reported (conditional effect = —.02, p> .10). This stress by
MRSI-A interaction was significant despite controlling for the independent effect of stress at
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the alert level and at the aggregated individual level, as well as T1 BDI-11 and SRRS scores,
all of which also significantly predicted change in depressive symptoms over time.

There were no significant cross-level interactions between Level 1 stress and trait measures
of rumination (T1 SRRS or RRS-B) in predicting concurrent or subsequent depressive
symptoms, controlling for previous alert depressive symptoms. As previous EMA research
has found rumination to mediate the role of stress in predicting depressive symptoms
(Moberly & Watkins, 2008a; Ruscio et al., 2015), the direct and indirect paths were tested
for significance to determine if a mediational relationship also existed. Analyses found a
significant direct effect of stress on next alert depressive symptoms, controlling for previous
symptoms (B = .48, p < .01). Stress also significantly predicted MRSI-A score at the same
alert (B= .42, p< .01). However, as reported above, MRSI-A did not significantly predict
next alert depressive symptoms, and therefore MRSI-A was not found to mediate the
relationship between stress and depressive symptoms.

Stress-Reactive Rumination Analyses

Experiencing greater relative levels of stress per day predicted significant increases in same
day depressive symptoms, controlling for previous day symptoms (B = .69, p< .001; Table
3); experiencing a greater overall number of stressors during the EMA week (aggregated
stress) also significantly predicted increases in symptoms over time (8= .74, p<.01). The
effects of both daily fluctuations in stress-reactive rumination relative to an individual’s
mean (SRRS-S; B= .07, p<.001), as well as average levels of SRRS-S during the EMA
week (aggregated SRRS-S; B=.10, p<.001) were significant in predicting increases in
daily depressive symptoms.

There was a significant interaction between SRR and stress in predicting depressive
symptoms on the same day controlling for previous day depressive symptoms (B = .04, p<.
05; Table 3), such that engaging in high levels of SRR relative to one’s mean led to
significantly greater increases in depressive symptoms on days when more stressors were
reported (conditional effect = .97, p<.001; Figure 2). Increases in daily stress also predicted
greater depressive symptoms even when relative SRR levels were low (conditional effect = .
40, p < .05). Furthermore, there was a significant effect such that higher daily stress coupled
with higher than average SRR levels predicted significantly greater increases in depressive
symptoms compared to high stress days (days where greater numbers of stressors were
reported) when SRR levels were low (conditional effect = .10, p<.001). Conversely,
differences in relative level of SRR did not significantly affect depressive symptoms on low
stress days (conditional effect = —.03, p> .10). This interaction was significant when
controlling for the independent effects of stress and SRRS-S at the day level and at the
aggregated individual level, as well as T1 BDI-11 score, all of which significantly predicted
increases in daily depressive symptoms.

Mediation analyses found a significant direct effect of stress on same day depressive
symptoms, controlling for previous day symptoms (B = .82, p< .001). As reported above,
SRR score did significantly predict same day depressive symptoms controlling for previous
symptoms. However, stress did not significantly predict same day SRR score (B=-.31, p>.
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10), and therefore, SRR was not found to mediate the relationship between stress and
depressive symptoms.

The interaction between stress and SRRS-S was not significant in predicting depressive
symptoms on the subsequent day controlling for previous day depressive symptoms (B =.
01, p>.10). With regards to mediation, stressor occurrence was not found to predict next
day depressive symptoms controlling for previous symptoms (8= -.08, p> .10), precluding
further tests of mediating effects.

Discussion

The current study sought to investigate the role of rumination, both independently and in
interaction with stress and current mood state, in predicting relative increases in depressive
symptoms utilizing EMA methodology. It was hypothesized that increases in momentary
ruminative self-focus (MRS) irrespective of the experience of life stressors, as well as stress-
reactive rumination (SRR), would exert independent effects in predicting heightened
depressive symptoms over time, and that ruminative self-focus would interact with
concurrent depressed mood state to predict increases in symptoms at the subsequent alert. It
was further hypothesized that both MRS and SRR would moderate the effect of stress in
predicting increases in depressive symptoms. Finally, in line with response styles theory,
baseline trait measures of rumination also were expected to interact with the experience of
stressors to increase depressive symptoms over time.

The present findings emphasize an important interplay between rumination and stress in
contributing to depressed mood. Contrary to hypotheses, MRS did not independently predict
increases in depressive symptoms at the next alert, controlling for previous alert symptoms;
however, as expected, a positive effect of MRS did emerge in interaction with the experience
of stress. In other words, engaging in greater MRS led to higher subsequent depressive
symptoms when it occurred at an EMA alert in which a stressor was reported. Furthermore,
when individuals engaged in higher levels of MRS relative to their means in response to a
stressor, they experienced greater prospective increases in depressive symptoms compared to
alerts at which they engaged in lower relative levels of MRS in response to stress. In
addition, MRS interacted with concurrent depressive symptoms to predict subsequent
increases in symptoms, in accordance with the established deleterious effects of ruminating
about one’s down mood (Wisco & Nolen-Hoeksema, 2008). These findings suggest that
engaging in introspective thought about one’s feelings is not inherently detrimental, but that
MRS becomes maladaptive when occurring following recent stress, or when currently
experiencing depressed mood.

Current findings with regards to stress-reactive rumination were in line with hypotheses.
Engaging in greater SRR, whether relative to one’s own mean at the alert level or relative to
the grand mean at the individual level, exerted a significant independent effect in predicting
increases in daily depressive symptoms, controlling for previous day symptoms. SRR also
significantly moderated the effect of stress in predicting depressive symptoms. The nature of
this interaction was similar to that described with regards to MRS, in that 1) higher levels of
SRR relative to an individual’s mean predicted greater depressive symptoms on days when

Behav Res Ther. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Connolly and Alloy

Page 13

participants reported higher than average numbers of stressors, compared to low stress days,
and 2) depressive symptoms were greater on high stress days when participants engaged in
more SRR, compared to high stress days during which they did not ruminate as much.

No significant interactions were observed between baseline trait measures of rumination and
stressor occurrence during the EMA week in predicting depressive symptoms, in contrast to
predictions based on response styles theory (Nolen-Hoeksema, 1991) and previous EMA
findings (Moberly & Watkins, 2008a). However, the abovementioned significant interactions
between state-level MRS and SRR scores and stress certainly could be viewed as consistent
with response styles theory. Although these interactions involved state measures of
rumination, these variables were moderately correlated with baseline trait rumination
measures (SRRS and RRS-B), suggesting that they may be measuring a separate but closely
related facet of ruminative thought. Indeed, such state variables may serve as more accurate
measures of individuals’ average cognitive responses to stress compared to trait
questionnaires.

To our knowledge, the current study is the first to demonstrate significant positive
interactions between rumination and life stress in prospectively predicting depressive
symptoms utilizing an EMA design. Whereas previous EMA studies have found rumination
to mediate the role of stress in predicting depressed mood (Moberly & Watkins, 2008a;
Ruscio et al., 2015), the current work suggests that instead of serving to explain the
detrimental effects of stressor occurrence on mood, variability in rumination can indeed
change the magnitude of stressor effects, by increasing the potency of life stress as a
vulnerability factor for depression. Our results complement findings from a daily diary study
of SRR, life stress, and depressive symptoms (Genet & Siemer, 2012), and extend this work
by utilizing an EMA design in which variables of interest were measured multiple times per
day to increase validity.

Differences in study design and analysis plan may in part account for the lack of an observed
mediating effect within the current research as opposed to the abovementioned EMA
paradigms. Given that Moberly and Watkins did not control for previous depressive
symptoms in their analyses, and Ruscio et al.’s effect lost significance when doing so, these
previously reported results are not directly comparable to the current design. This difference
in control strategy notwithstanding, it is possible that issues of power may also have
contributed to differing results. While the current study included a maximum of 28
observations per participant, the two abovementioned designs involved up to 56 timepoints,
which may have influenced the ability to detect a mediating effect.

The current design was strengthened by its assessment of both momentary ruminative self-
focus and stress-reactive rumination, utilizing multiple items from validated measures of
these constructs, the MRSI and SRRS, neither of which have yet been examined using EMA
methodology. By assessing these subtypes of rumination, the differential effects of MRS and
SRR were able to be parsed apart; namely, that whereas SRR independently predicted
increases in depressive symptoms, engaging in MRS increased symptoms when in response
to a stressor or when currently experiencing depressed mood. Although previous research
has found that engaging in MRS while at rest is predictive of increases in depressive
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symptoms (Marchetti et al., 2013), it should be noted that this effect only held among
individuals scoring high on a trait measure of cognitive reactivity2. Instead, the current
findings demonstrate that engaging in more MRS, whether relative to one’s own mean or
relative to the mean of the sample, does not lead to increases in depressive symptomatology
when considered independent of stress or down mood. Interestingly, although not a
significant effect, the lowest levels of depressive symptoms were seen following alerts at
which individuals experienced no stressors but engaged in higher than average MRS (Figure
1), suggesting that focusing on one’s feelings in the absence of a proximal stressor may have
beneficial effects on mood. Although such conclusions cannot be drawn from the current
findings, the results highlight a potential avenue of future research.

The current findings are strengthened by the study’s analytic strategy. Alert-level rumination
variables were centered on individual means in order to assess the effect of relative
fluctuations in rumination during the EMA week on depressive symptoms. Analyses also
controlled for aggregated alert-level variables at the individual level; this control strategy
accounted for overall differences in rumination and stress during the EMA week, to better
examine the role of alert-level variation in the prediction of depressive symptoms within
each participant. Furthermore, all analyses controlled for previous depressive symptoms,
whether at the previous alert or day, in order to truly assess whether depressive symptoms
changed over time due to the occurrence of rumination or stress. Past studies either did not
control for previous symptoms (Genet & Siemer, 2012; Moberly & Watkins, 2008a; Takano
& Tanno, 2010) or their effects were no longer significant when doing so (Ruscio et al.,
2015), leading the current findings to serve as the first prospective evidence that rumination,
in combination with life stress, increases depressive symptoms over time.

The use of EMA methodology lends multiple strengths to the current findings. Collecting
data at several timepoints per day helped to lessen recall biases and increase reliability of the
variables of interest. Furthermore, the findings were specific to participants’ actual
experience of daily life stressors and rumination occurring outside of a controlled laboratory
setting, and captured the effects of relative fluctuations in these levels over time. By utilizing
online questionnaires sent to participants’ smartphones that were timestamped upon
completion, there was increased confidence that participants were completing EMA alerts
within assigned time windows. Furthermore, allowing participants to choose the 12-hour
window during which they received alerts maximized the percentage of waking hours
assessed and likely benefited overall response rates.

Limitations also should be noted. Although the current EMA design helped decrease the
incidence of recall biases, there still exists the possibility of such occurrence, given that
participants were asked to retrospectively report on life stress and their degree of SRR since
the last alert. However, because the time interval between alerts was only hours rather than
days, weeks, or months, recall biases would be expected to be minor compared to non-EMA
studies of rumination, stress, and depression. As explained earlier, SRR analyses were
conducted by calculating daily averages to allow for variation in life event occurrence, which

2Follow-up analyses tested whether significant interactions existed between trait-level rumination (SRRS, RRS-B) at baseline and
MRSI scores during the EMA week in predicting depressive symptoms; no significant relationships emerged.
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decreased the number of available data points. In addition, the interaction of SRR and stress
was only significant predicting same day, and not next day, depressive symptoms. Although
SRR ratings referred to rumination at the time of event occurrence and depressive symptoms
referred to mood at time of alert completion, indicating a temporal difference in the variables
of interest, our results would have been further strengthened if the interaction term predicted
next day symptoms. Although the SADS-L diagnostic measure employed in this study has
demonstrated acceptable interrater reliability in previous examinations, this statistic was not
calculated within the current design and is therefore a limitation to the research. Finally,
despite the wide range of depression scores reported among the current participants, the
sample was nonclinical in nature. Assessing such relationships within a clinically depressed
sample is an important and much-needed extension of the current work.

The results from this study may have important clinical implications. Specifically, findings
of significant interactions between rumination and life stress suggest that ruminative thought
is not merely a by-product of experiencing stress, but is instead a response style that exhibits
variation both within and between individuals, such that engaging in relatively higher levels
leads to greater increases in depressive symptoms. Therefore, it would be important to
address individuals’ tendency to engage in rumination directly after the experience of stress,
such that decreasing relative levels could potentially reduce the deleterious effects of stressor
occurrence on mood. Indeed, trainings intended to decrease levels of abstract, repetitive
thought regarding negative information have demonstrated promising preliminary results
(Joormann, Hertel, LeMoult, & Gotlib, 2009; Watkins, Baeyens, & Read, 2009). Such
designs could benefit from the integration of EMA methodology; for instance, depressed
individuals could engage in trainings intended to reduce rumination directly after the
experience of stress, after which EMA techniques could monitor relative changes in
rumination and depressive symptoms following stressor occurrence during daily functioning.
Indeed, EMA is increasingly being employed to track longer-term outcomes following active
interventions (Hoorelbeke, Koster, Demeyer, Loeys, & Vanderhasselt, 2016).

The current research sheds light on the role of rumination in response to daily life stressors
as a contributor to depressed mood over time. The findings of significant interactions
between MRS, SRR and stress suggest that the degree of rumination engaged in following
the experience of stress is variable and can lead to greater increases in depressive symptoms
when occurring at higher levels relative to individual means. These results have significant
clinical implications in that they emphasize the importance of targeting individuals’
momentary response styles to stress in order to help decrease depressive symptoms over
time. Future research should continue to capitalize on the many benefits of EMA
methodology in order to better understand this relationship and lessen the substantial burden
of major depressive disorder.
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. Rumination interacted with daily stress to predict increased depressive
symptoms
. First study to find a moderating effect of rumination utilizing EMA

methodology

. Decreasing rumination following stress may help alleviate depressed mood
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Figure 1.
MRSI-A by Stress Interaction Predicting Next Alert Depressive Symptoms

Note. Analyses include 2,530 alerts. Stress= occurrence of any negative life events at a given
alert, dummy-coded; MRSI-A = Momentary Ruminative Self-Focus Inventory-Abbreviated;
SDS = State Depression Scale. High and low MRSI values = 1 SD from individual-level
mean. Analyses controlled for previous alert depressive symptoms.
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SRRS-S by Stress Interaction Predicting Same Day Depressive Symptoms

Note. Analyses include 505 days. Stress = total negative life events endorsed per day; SRRS-
S = Stress-Reactive Rumination Scale-State; SDS = State Depression Scale. High and low
values = 1 SD from individual-level means. Analyses controlled for previous day depressive

symptoms.

Behav Res Ther. Author manuscript; available in PMC 2018 October 01.



Page 21

Connolly and Alloy

*3]20S UoIssalda a1eIS = SAS 81eIS-3[20S UOITRUILINY SAII0RSY-SSaIIS

=G-SHYS ‘PareINBIfgY-AI01UBAU| SND04-}19S BAITRUILNY AIJUSWOIA =V/-|SHIA ‘8]B0S UOITRUILINY BAIN0REY-SSAIS =SHYS ‘8eas asuodsay aAeuluny = SYY ‘A1ojusaul uoissaidaq o8g = |1-1Qg 810N

Author Manuscript

v Sy 43 20/
Ll 8 G8° [4:2 VL G’ Byaly . yoequoiD
T¢€ 050 TZ€ G0 GS8§ 02§ 050 obuey
69'C 97’6 Ge'e 87'S 99'GT TC€ 918 ds
S0'9 96'0¢ TO0T 9v'6 €8'6€ 8y'0T 88TT W

(sas) swoidwAs anissaidaq .
xxBV’ (S-SH¥S) uonRUILINY dAI10R8I-SSANS 9
wnSE TV (V-1SHIN) snao4 4las aAeuIuny ArJUSWO §
VLT ST’ PasIOpUT SI0SSAIIS # |BI0L ¥ SRUNSeaN VINT
w8 LBV T8 T (SHYS) uoneuILINY 8A1NJESI-SSANS TL €
<08 98 ST 10 > (Syy) uoneuiwny Buipooig T1 ¢
w08 .80 PO 72 S SO 1 SN -1 4 (11-1ag) swoldwAs anissaide@ T1 T  S8ANSEaIN el
L 9 S 14 € 4 T

sansIelS aAndiosaq
T 3|qeL

Author Manuscript

Author Manuscript Author Manuscript

Behav Res Ther. Author manuscript; available in PMC 2018 October 01.



1duosnuey Joyiny

1duosnuen Joyiny

Connolly and Alloy Page 22

Table 2

MRSI-A by Stress Interaction Predicting Next Alert Depressive Symptoms

Predictor B SE

Alert-Level
Lagged depressive symptoms (Ta-; SDS)  14*** .02

Stress 47" .16
Ruminative self-focus (MRSI-A)? -.02 03
Stress X MRSI-A 107 .05

Individual-Level

Intercept 5027 21
Aggregated Stress? 3.4 .82
Aggregated MRSI-AY .09 .06
T1 depressive symptoms (BDI-11)2 077" .02
T1 rumination (SRRS)? 02 01

Note. Analyses include 2,530 alerts. SDS= State Depression Scale, Stress = occurrence of negative life events per alert, dummy-coded, MRSI-A =
Momentary Ruminative Self-Focus Inventory-Abbreviated, BDI-Il = Beck Depression Inventory-11, SRRS = Stress-Reactive Rumination Scale.

*
p<.05,
Hk
p< .01,
p<.001

a
= grand-mean centered

b
= person-mean centered
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SRRS-S by Stress Interaction Predicting Same Day Depressive Symptoms

Predictor B SE
Day-Level
Lagged depressive symptoms (Tp_; SDS) ~ 55*** .04
Stress? 69¥F 12
Rumination (SRRS-S)4 o7 01
Stress X SRRS-S 0 02
Individual-Level
Intercept a72*** 31
Aggregated Stress? 74 24
Aggregated SRRS-SY 10% 02
T1 depressive symptoms (BDI-I I)b 08** .02
T1 rumination (SRRS)? 00 01

Table 3
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Note. Analyses included 505 days. SDS= State Depression Scale, Stress = total negative life events endorsed per day, SRRS-S = Stress-Reactive

Rumination Scale-State, BDI-II = Beck Depression Inventory-Il, SRRS = Stress-Reactive Rumination Scale.

*
p<.05,
Ak
p< .01,
p<.001

a
= grand-mean centered

b
= person-mean centered
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