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Abstract

Rumination and worry, two forms of perseverative thinking, hold promise as core processes that transect depressive
and anxiety disorders. Whereas previous studies have been limited to the laboratory or to single diagnoses, we used an
experience sampling methodology to assess and validate rumination and worry as transdiagnostic phenomena in the
daily lives of individuals diagnosed with major depressive disorder (MDD), generalized anxiety disorder (GAD), and
co-occurring MDD-GAD. Clinical and healthy control participants carried a handheld electronic device for one week.
Eight times per day they reported on their current levels of rumination and worry and their theoretically postulated
features: thought unpleasantness, repetitiveness, abstractness, uncontrollability, temporal orientation, and content, and
overall senses of certainty and control. Both rumination and worry emerged as transdiagnostic processes that cut across
MDD, GAD, and MDD-GAD. Furthermore, most psychological theories concerning rumination and worry strongly

mapped onto participants’ reports, providing the first naturalistic validation of these constructs.
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Like virtually all psychological phenomena, rumination
and worry have been investigated primarily in the labora-
tory, through self-report measures, experimental para-
digms, and, more recently, neuroimaging methods (e.g.,
Borkovec & Inz, 1990; Cooney, Joormann, Eugene,
Dennis, & Gotlib, 2010; Nolen-Hoeksema & Morrow,
1993; Paulesu et al., 2010). Rumination refers broadly to
perseverative thinking focused on one’s negative feelings
and problems (Nolen-Hoeksema, 1991) and, traditionally,
has been examined as a risk factor for and associated
feature of major depressive disorder (MDD; Nolen-
Hoeksema, Wisco, & Lyubomirsky, 2008). Worry, in con-
trast, refers to perseverative thinking focused on sources
of potential threat (Borkovec, Robinson, Pruzinsky, &
DePree, 1983) and is a defining symptom of generalized
anxiety disorder (GAD; American Psychiatric Association,
2013). Importantly, however, a growing literature sug-
gests that these two constructs are transdiagnostic,

representing specific forms of the overarching process of
perseverative thought that correlates with both depres-
sive and anxiety symptoms (Ruscio, Seitchik, Gentes,
Jones, & Hallion, 2011; Segerstrom, Tsao, Alden, &
Craske, 2000; Yook, Kim, Suh, & Lee, 2010). In a transdi-
agnostic framework, rumination and worry are theorized
to share key qualities of unpleasantness, repetitiveness,
abstractness, and uncontrollability of thinking (Ehring &
Watkins, 2008; Harvey, Watkins, Mansell, & Shafran,
2004). As we review later, theorists have also postulated
unique characteristics of these two constructs (e.g.,
Borkovec, Alcaine, & Behar, 2004, Nolen-Hoeksema
et al., 2008). Although perspectives on the common and
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distinct features of rumination and worry are not neces-
sarily inconsistent with one another, these theories were
developed through separate lines of research and are just
beginning to be tested in a more integrative manner in
the laboratory. Are psychological theories developed in
the laboratory consistent with the naturalistic experi-
ences of rumination and worry? Experience sampling
methodology (ESM) uniquely enables us to answer this
question (Myin-Germeys et al., 2009). In this study, we
used ESM to test, for the first time, theories of rumination
and worry and to validate these as transdiagnostic con-
structs in the daily lives of individuals with MDD, GAD,
and co-occurring MDD-GAD.

Most contemporary conceptualizations of rumination
originate from Nolen-Hoeksema’s response styles theory
(Nolen-Hoeksema, 1991), in which rumination is formu-
lated as “a mode of responding to distress that involves
repetitively and passively focusing on symptoms of dis-
tress and the possible causes and consequences of these
symptoms” (Nolen-Hoeksema et al., 2008, p. 400).
Theorists generally agree that the core content of rumina-
tive thought includes a focus on the self and a temporal
orientation toward past events and experiences (e.g.,
“Why did I react that way?” “Why me?”; reviewed in
Nolen-Hoeksema et al., 2008; Papageorgiou, 2000;
Thomsen, 2006). In addition, drawing on the work of
Lyubomirsky, Tucker, Caldwell, and Berg (1999), Nolen-
Hoeksema et al. (2008) proposed that rumination involves
an overall sense of certainty that situations in one’s life
are uncontrollable; these impressions of certainty and
lack of control are posited to support the nonconscious
function of rumination to avert the need to take respon-
sibility in response to aversive situations.

Alongside the theoretical development of rumination,
the concept of worry emerged largely from the work of
Borkovec and colleagues as “a chain of thoughts and
images, negatively affect-laden and relatively uncontrolla-
ble. The worry process represents an attempt to engage in
mental problem-solving on an issue whose outcome is
uncertain but contains the possibility of one or more nega-
tive outcomes” (Borkovec et al., 1983, p. 10). Therefore, in
contrast to rumination, worry is defined by a temporal ori-
entation toward the future (e.g., “What if [negative event]
were to happen?”). A predominance of verbal or linguistic
activity is also theorized to be a central feature of worry;
indeed, this characteristic is thought to support the non-
conscious function of worry to cognitively avoid aversive
images (reviewed in Borkovec et al., 2004). Finally, in syn-
thesizing distinctions between worry and rumination sug-
gested elsewhere (e.g., Alloy, Kelly, Mineka, & Clements,
1990), Nolen-Hoeksema et al. (2008) argued that worry
involves a sense of uncertainty rather than certainty about
situations, and a belief that situations might be controllable
if one were to work hard (or worry) enough.

Given the role of laboratory findings in the development
of theories of rumination and worry, it is not surprising that
these postulates have already received some empirical sup-
port. Most laboratory studies have focused on a subset of
features of these processes. For example, the distinct tem-
poral orientations of rumination and worry have been doc-
umented in studies with nonclinical samples in which
participants rated the temporal focus of questionnaire items
assessing these constructs (Watkins, Moulds, & Mackintosh,
2005) and in which participants reported the temporal
focus of their thoughts while undergoing rumination and
worry inductions (McLaughlin, Borkovec, & Sibrava, 2007).
Other studies have used cognitive inductions and thought
sampling procedures to demonstrate that rumination is
associated with a low sense of control over situations
(Lyubomirsky et al., 1999) and that worry is associated with
verbal-linguistic mental activity (Borkovec & Inz, 1990). In
a rare daily diary study, Papageorgiou and Wells (1999)
asked a sample of nonclinical participants to record their
first two naturally occurring depressive and anxious
thoughts over the course of 2 weeks; among several find-
ings, these researchers found that depressive thoughts were
significantly past-oriented and anxious thoughts were sig-
nificantly verbal-linguistic.

To date, researchers have used ESM with nonclinical
samples to examine the relations of rumination to depres-
sive symptoms (Pasyugina, Koval, De Leersnyder,
Mesquita, & Kuppens, in press; Pillai, Steenburg, Ciesla,
Roth, & Drake, 2014), negative affect (Moberly & Watkins,
2008), and goal pursuit (Moberly & Watkins, 2010). In
addition, investigators have used ESM to document the
occurrence of rumination and worry in psychosis (Hartley,
Haddock, Vasconcelos E Sa, Emsley, & Barrowclough,
2014). However, ESM has never before been utilized to
test the very definitions of rumination and worry, which
is critical not only in advancing basic scientific knowl-
edge concerning these constructs, but also in developing
and testing interventions for these maladaptive processes.
In this context, it is noteworthy that the canonical self-
report measures of rumination and worry, the Ruminative
Response Scale (RRS; Treynor, Gonzalez, & Nolen-
Hoeksema, 2003) and Penn State Worry Questionnaire
(PSWQ; Meyer, Miller, Metzger, & Borkovec, 1990),
respectively, assume these postulated features (e.g.,
repetitiveness, uncontrollability) rather than directly
assessing the relevance of these features to the overall
constructs. Furthermore, self-report questionnaires are
limited by the potential for biases in retrospection, which
is of particular concern when studying emotional disor-
ders (reviewed in Kircanski, Joormann, & Gotlib, 2012;
Mathews & MacLeod, 2005). Although experimental par-
adigms afford the opportunity to examine thought pro-
cesses in real time, this advantage comes at the expense
of reduced ecological wvalidity. Addressing these
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limitations, ESM enables both the naturalistic and real-
time assessment of individuals’ thought processes.

The present study was designed to bridge two gaps in
the clinical literature: first, to test theories of rumination
and worry in a novel ecologically valid manner; and sec-
ond, to validate these constructs as transdiagnostic phe-
nomena that cut across MDD, GAD, and co-occurring
MDD-GAD. We hypothesized that, in daily life, partici-
pants diagnosed with MDD, GAD, and co-occurring
MDD-GAD all would report significantly higher levels of
rumination and worry than would control participants
with no history of psychiatric disorder (CTL). We also
hypothesized that participants’ naturalistic reports of
rumination and worry would strongly map onto theories
of these constructs. That is, we expected to find evidence
for both the theorized common features (unpleasantness,
repetitiveness, abstractness, uncontrollability) and dis-
tinct features (temporal orientation, content focus, sense
of certainty/uncertainty, and sense of control/lack of con-
trol) of rumination and worry.

Method

Participants and procedure

Participants were adult women between the ages of 18
and 50 years. We restricted our sample to women both to
strengthen statistical power and because MDD, GAD, and
their co-occurrence are approximately twice as prevalent
in women as in men (Kendler, Gardner, Gatz, & Pedersen,
2007). Participants were recruited through online adver-
tisements and local psychiatric clinics and were screened
for inclusion and exclusion criteria through a telephone
interview. Exclusion criteria included the following: not
fluent in English; history of learning disabilities, severe
head trauma, psychotic symptoms, or bipolar disorder;
and alcohol or substance abuse in the past 6 months as
defined by the Diagnostic and Statistical Manual of
Mental Disorders (4th ed.; DSM-IV; American Psychiatric
Association, 1994). Individuals who were identified as
likely to meet study inclusion criteria were invited to par-
ticipate in a diagnostic evaluation in the laboratory based
on DSM-IV-TR criteria using the Structured Clinical
Interview for DSM-IV Axis 1 Disorders (First, Spitzer,
Gibbon, & Williams, 1996) that was administered by a
highly trained interviewer. Participants in the MDD group
(n = 16) met diagnostic criteria for current MDD, with no
diagnosis of GAD currently or within the past 24 months.
Similarly, participants in the GAD group (z = 15) met
diagnostic criteria for current GAD, with no diagnosis of
MDD currently or within the past 24 months. Given pre-
vious findings that persons with 1-year or recent comor-
bidity of MDD and GAD function similarly to those with
currently co-occurring MDD-GAD (e.g., Kessler, DuPont,

Berglund, & Wittchen, 1999), we excluded potential par-
ticipants from the MDD group and the GAD group if they
had the other disorder within the past 24 months to
strengthen the potential to find any group differences.
Participants in the co-occurring MDD-GAD group (1 =
20) met diagnostic criteria for current MDD and current
GAD. DSM-IV lists a hierarchical exclusion criterion for
GAD when caseness for this disorder is met only in the
context of MDD; however, given that the epidemiological
and clinical literature and a recent report from the DSM-5
work group indicate little utility and, moreover, signifi-
cant problems associated with this hierarchical exclusion
criterion (e.g., Andrews et al., 2010; Lawrence, Liverant,
Rosellini, & Brown, 2009), we did not impose the hierar-
chy rule to capture this important and understudied co-
occurring MDD-GAD group. Finally, participants in the
CTL group (n = 19) did not meet criteria for any current
or lifetime Axis I disorder. Interrater reliability is excellent
among the laboratory interviewers for depressive and
anxiety diagnoses (x = .92 to 1.0).

Following the diagnostic evaluation, participants
returned to the laboratory to complete a set of self-report
questionnaires and tasks. Participants received a hand-
held electronic device (Palm Pilot Z22) and completed
comprehensive training in the use of the device and ESM
items as well as a practice trial in the laboratory with
experimenter feedback. Participants were also given
take-home instructions that reinforced the definitions of
the ESM items. The Palm units were individually pro-
grammed using ESP 4.0 software (Barrett & Feldman-
Barrett, 2000) to prompt participants eight times per day
during a 12-hr period between 8 a.m. and 10 p.m. (based
on participants’ waking times and bedtimes) for 7 to 8
consecutive days. Prompts occurred at randomized times
within 90-min intervals (M = 96 min, SD = 37 min).
Participants were given 5 min to respond to each prompt;
otherwise, data for the prompt was recorded as missing.
Participants received additional compensation if they
responded to at least 90% of the prompts. Following the
procedures of previous ESM studies, we excluded from
the data set one participant who did not respond to at
least five prompts (e.g., Bylsma, Taylor-Clift, & Rottenberg,
2011). The ESM protocol was approved by the Stanford
University Institutional Review Board.

ESM measures

Rumination and worry. At each prompt, participants
reported their current levels of rumination and worry using
two separate items with 100-point visual analog scales (1
= not at all, 100 = very much so). Item content was drawn
from previous ESM studies of rumination and worry (e.g.,
Hartley et al., 2014; Moberly & Watkins, 2008), and items
were pilot-tested for clarity and feasibility of completion
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prior to the study. The rumination item was “At the time
of the beep, I was dwelling on my feelings and problems.”
The worry item was “At the time of the beep, I was wor-
ried about things that could happen.”

To index the reliability of the rumination and worry
items in the present study, the intraclass correlation (ICC)
was computed for each item as the proportion of inter-
subject variability to total variability using restricted max-
imum likelihood estimates. This statistic represents the
average correlation between ratings on an item at two
randomly selected time points for a given participant
(Snijders & Bosker, 2011):

16C = — 700
T00+0

2

The significance of each ICC value was then evaluated
using a Wald test, Hy: ICC = 0 (Snijders & Bosker, 2011).
ICC values were significantly greater than 0 for both
rumination, ICC = .35, z = 5.58, p < .001, and worry,
ICC = 43, z = 5.66, p < .001, indicating appropriate
within-subject dependencies or nesting of observations
within participants. Notably, Moberly and Watkins (2008)
obtained an equivalent ICC value for ESM-assessed rumi-
nation (ICC = .34).

To index the convergent and discriminant validity of
the rumination and worry items, participants’ mean rat-
ings on these items were examined in relation to their
scores on the canonical self-report questionnaires of
rumination and worry (see the results section).

Theorized features of rumination and worry. At
each prompt, participants responded to nine items con-
cerning the theorized features of rumination and worry.
Item content was drawn from theory (reviewed in Borkovec
et al., 2004; Ehring & Watkins, 2008; Nolen-Hoeksema
et al., 2008) and previous ESM and laboratory studies of
rumination and worry (e.g., Borkovec & Inz, 1990;
Lyubomirsky et al., 1999; McLaughlin et al., 2007; Moberly
& Watkins, 2008), and items were pilot-tested for clarity
and feasibility of completion prior to the study. Four
items assessed the theorized shared features of rumina-
tion and worry.

Unpleasantness. Participants rated their thoughts
at the time of the beep using a 5-point scale (1 = very
unpleasant, 5 = very pleasant). We subsequently reverse
coded this item such that higher ratings index greater
unpleasantness.

Repetitiveness. Participants rated the degree to which
their thoughts “felt repetitive or stuck” at the time of the
beep using a 100-point visual analog scale (1 = not at all,
100 = very much so).

Abstractness. Participants rated their thoughts at the
time of the beep using a 5-point scale (1 = very concrete/
specific, 5 = very abstract/general).

Uncontrollability. Participants rated the degree to
which they were able to control their thoughts at the
time of the beep using a 100-point visual analog scale
(1 = not at all, 100 = very much so). We subsequently
reverse coded this item such that higher ratings index
greater uncontrollability.

Five items assessed the theorized distinct features of
rumination and worry.

Temporal orientation. Participants reported whether
their thoughts were mostly about the “past,” “present,” or
“future” at the time of the beep by selecting one of these
three forced-choice response options.

Self-focus. Participants reported  whether their
thoughts were mostly about “myself” or “not myself”
at the time of the beep by selecting one of these two
forced-choice response options.

Verbal-linguistic focus. Participants reported whether
their mind was mostly filled with “images” or “words”
at the time of the beep by selecting one of these two
forced-choice response options.

Situational certainty/uncertainty. Participants rated
the degree to which they “felt a sense of certainty about
situations” at the time of the beep using a 100-point visual
analog scale (1 = not at all, 100 = very much so). For the
models predicting worry, we subsequently reverse coded
this item such that higher ratings index greater uncertainty.

Situational control/lack of control. Finally, partici-
pants rated the degree to which they “felt a sense of
control over situations” at the time of the beep using a
100-point visual analog scale (1 = not at all, 100 = very
much so). For the models predicting rumination, we sub-
sequently reverse coded this item such that higher ratings
index greater lack of control.

To index the reliability of the theorized features of
rumination and worry, the ICC was computed for each
ESM item and the significance of each ICC value was
evaluated using a Wald test, H;: ICC = 0 (Snijders &
Bosker, 2011). ICC values were significantly greater than
0 for all theorized features of rumination and worry:
unpleasantness, ICC = .24, z = 5.32, p < .001, repetitive-
ness, ICC = .39, z = 5.63, p < .001, abstractness, ICC = .20,
z = 5.37, p < .001, uncontrollability, ICC = .42, z = 5.63,
p < .001, past orientation, ICC = .04, z = 3.19, p = .001,
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future orientation, ICC = .13, z = 4.88, p < .001, self-focus,
ICC = .18, 2 =5.02, p < .001, verbal-linguistic focus, ICC =
22, z = 5.21, p < .001, situational certainty/uncertainty,
ICC = .47, z = 5.69, p < .001, and situational control/lack
of control, ICC = .43, z = 5.67, p < .001. These results
indicate appropriate within-subject dependencies or
nesting of observations within participants.

There are no questionnaires that assess the multiple
specific features of rumination and worry (e.g., unpleas-
antness of thinking) independent of these broader con-
structs. Therefore, information is not currently available
concerning the convergent and discriminant validity of
these ESM-assessed thought features with questionnaire-
based assessments.

Self-report questionnaires

Prior to the ESM protocol, participants completed several
self-report questionnaires. To assess the severity of MDD
and GAD symptoms, participants completed the Beck
Depression Inventory—II (BDI-II; Beck, Steer, & Brown,
1996) and the Generalized Anxiety Disorder
Questionnaire-IV (GAD-Q-IV; Newman et al., 2002),
respectively, both of which have strong psychometric
properties (e.g., Dozois, Dobson, & Ahnberg, 1998;
Robinson, Klenck, & Norton, 2010). In the present sam-
ple, internal consistency was strong among the items of
the BDI-II (o = .96) and among the dimensional items of
the GAD-Q-IV (a = .81), with the dichotomous items
summed to treat them as a continuous item as was done
in a previous psychometric analysis (Rodebaugh,
Holaway, & Heimberg, 2008). To examine the relations of
our ESM measures to scores on the traditional self-report
measures of rumination and worry, we used the RRS
(Treynor et al., 2003) and the PSWQ (Meyer et al., 1990),
respectively. We specifically used the RRS Brooding sub-
scale as the canonical measure of maladaptive rumina-
tion (Nolen-Hoeksema et al., 2008; Treynor et al., 2003).
Both the RRS Brooding subscale and the PSWQ have
excellent psychometric properties (e.g., Molina &
Borkovec, 1994; Treynor et al., 2003). Internal consis-
tency in our sample was high among the items of the RRS
Brooding subscale (o = .87) and of the PSWQ (a = .94).

Statistical analyses

Based on the nested structure of the ESM data (prompts
nested within persons), we tested our hypotheses using
multilevel modeling. Multilevel modeling concurrently
estimates within- and between-persons effects (Krull &
Mackinnon, 2001) while allowing for variable time inter-
vals between sampling occasions and missing data
(Snijders & Bosker, 2011). We used the software HLM
6.08 (Raudenbush, Bryk, & Congdon, 2004); all models

were random effects models in which the intercepts and
slopes were allowed to vary, and we use robust standard
errors when reporting all parameter estimates. In all
equations, i denotes prompts and j denotes participants.
Whenever any participant group (e.g., CTL group) is
included as a Level 2 (between-persons) variable, it is
dummy coded (0 = participant is not in that group, 1 =
participant is in that group).

Finally, significance values for all effects are followed
by the pseudo-R* estimate of within- or between-subject
variance explained within the model (Singer & Willett,
2003); however, these values should be interpreted with
caution. As discussed in Snijders and Bosker (2011) and
previous studies (Carels, Coit, Young, & Berger, 2007),
multilevel modeling is not favorable to traditional com-
putations of effect size or proportion of variance
explained (e.g., R). The statistic that is most often used,
pseudo-K?, represents the difference in (within- or
between-person) variance in the full model containing all
predictors and (within- or between-person) variance in
the comparison model in which only the predictor of
interest is removed. Because removing one predictor of
interest from the model changes the amount of variance
explained by both the other Level 1 and Level 2 predic-
tors, the pseudo-R? value that is obtained is typically a
lower-level estimate and is not directly interpretable. As a
clear example of this issue, in many multilevel modeling
contexts, the addition of a predictor variable serves to
decrease rather than increase the proportion of variance
explained by the model (e.g., adding a Level 2 predictor
may reduce between-group variance but increase within-
group variance), resulting in a negative pseudo-k* value
(Hox, 2002). For all of these reasons, we caution that the
pseudo-K? values should not be considered actual esti-
mates of variance explained.

Results

Participant characteristics

Demographic and clinical characteristics of the MDD,
GAD, MDD-GAD, and CTL groups are presented in Table
1. There were no group differences in age, H3, 66) =
0.94, p = .43, n? = .04, proportion of college-educated
participants, (3, N = 70) = 0.08, p = .99, Cramer’s V =
.03, distribution by race/ethnicity, x*(15, N = 70) = 14.93,
p = .46, Cramer’s V = .27, or percentage of prompts com-
pleted, F(3, 66) = 0.64, p = .59, n? = .03. Significant pair-
wise comparisons on the BDI-II, GAD-Q-IV, RRS Brooding
subscale, PSWQ, and DSM Global Axis of Functioning are
denoted in Table 1. The MDD-GAD group did not differ
from the MDD group in BDI-II score, p = .39, d = 0.25,
and the MDD-GAD group did not differ from the GAD
group in GAD-Q-IV sore, p = .55, d = 0.28.
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Table 1. Characteristics of the MDD, GAD, MDD-GAD, and CTL Groups

MDD GAD MDD-GAD CTL

Variable M (SD) or % M (SD) or % M (SD) or % M (SD) or %
Age 31.56 (10.28) 31.07 (6.97) 35.50 (10.10) 34.08 (9.88)
% college educated 68.8 66.7 65.0 68.4
Race/ethnicity®

Non-Hispanic White 50.0 66.7 60.0 66.7

Hispanic 0 13.3 10.0 0

African American 6.3 0 5.0 11.1

Asian American 18.8 20.0 15.0 5.6

Mixed race/other 25.0 0 10.0 16.7
% prompt completion 57.3 65.5 68.3 65.1
BDI-I 28.25 (8.50), 14.20 (9.50),, 30.70 (10.63), 1.47 (2.63),
GAD-Q-IV 8.01 (4.03), 10.94 (1.13), 10.38 (2.62), 1.89 (2.23),
RRS Brooding® 13.44 (2.66), 11.93 (4.00),, 15.50 (2.65), 6.44 (1.20),
PSWQ 55.19 (15.20), 68.07 (6.66), 61.00 (13.26), 40.79 (12.48),
GAF 55.94 (5.18), 64.13 (5.69),, 54.45 (6.09), 89.37 (8.75),

Note: BDI-II = Beck Depression Inventory-II; CTL = no past or current psychiatric disorder; GAD = current generalized anxiety disorder; GAD-
Q-IV = Generalized Anxiety Disorder Questionnaire-IV; GAF = Global Axis of Functioning; MDD = current major depressive disorder; MDD-
GAD = current major depressive disorder and generalized anxiety disorder; PSWQ = Penn State Worry Questionnaire; RRS Brooding = Ruminative
Response Scale Brooding subscale. Different subscripts within rows indicate significant pairwise comparisons, p < .05.

For each variable, data were missing for one CTL participant.

Relations between ESM measures and
self-report questionnaires

To index the convergent and discriminant validity of
ESM-assessed rumination and worry, we used multilevel
modeling to test the associations of mean ratings on the
ESM rumination and worry items with participants’ scores
on the RRS Brooding subscale and PSWQ (entered as
Level 2 predictors centered at the grand mean, covarying
the effect of CTL group; accordingly, Level 2 pseudo-K?
values are reported).

Level 1 models (prompt level; same equation used for
rumination and worry):

Rumination,; or Worry, = [30]. + 7y

Level 2 models (participant level; same equation used
for rumination and worry):

Bo; = Yoo + Yor (RRS Brooding subscale) + y,, (PSWQ)
+ 73 (CTL group) + uy,

Mean level of rumination was uniquely associated
with RRS Brooding subscale score, p < .05, pseudo-R* =
.04, but not with PSWQ score, p = .26, pseudo-R* = .01.
Similarly, mean level of worry was uniquely associated
with PSWQ score, p < .05, pseudo-R* = .05, but not with
RRS Brooding subscale score, p = .58, pseudo-R* = -.01.
These results indicate appropriate convergent and dis-
criminant validity of ESM-assessed rumination and
WOorty.

Rumination and worry as
transdiagnostic constructs in daily life

To examine mean levels of ESM-assessed rumination and
worry across groups, we conducted means-as-outcomes
models (Raudenbush & Bryk, 2002) separately for rumi-
nation and worry and centered for each participant.

Level 1 models (prompt level; same equation used for
rumination and worry):

Rumination; or Worry, = f3, + 7;

Level 2 models (participant level; same equation used
for rumination and worry):

Bos = Yoo * Yor (MDD group) + y,, (GAD group) +
Yo3 (MDD-GAD group) + uy,

In the Level 1 model, Rumination; or Worry; denotes
the level of rumination or worry, respectively, for partici-
pant j at prompt i. 7; denotes the within-person random
effect. In the Level 2 model, y,, denotes the mean level of
rumination or worry for the CTL group; Y, Yz, and v
denote the differences in mean level of rumination or
worry between the CTL group and the MDD group, GAD
group, and MDD-GAD group, respectively. u, denotes
the between-persons random effect. As this Level 2 model
tests comparisons only between the CTL group and all
other groups, we conducted two additional analogous
Level 2 models in which the remaining group compari-
sons (e.g., MDD vs. GAD) were tested. Accordingly, Level
2 pseudo-R? values are reported.
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Fig. 1. Mean levels of ESM-assessed rumination and worry in the
MDD, GAD, MDD-GAD, and CTL groups. CIL = no past or current
psychiatric disorder; ESM = experience sampling methodology; GAD =
current generalized anxiety disorder; MDD = current major depressive
disorder; MDD-GAD = current major depressive disorder and general-
ized anxiety disorder. Error bars denote 95% confidence interval. The
MDD, GAD, and MDD-GAD groups all report significantly higher levels
of both rumination and worry than does the CTL group, all ps < .001.
The MDD, GAD, and MDD-GAD groups do not significantly differ from
one another in levels of rumination, all ps > .38, or worry, all ps > .19.

Mean levels of rumination and worry across the MDD,
GAD, MDD-GAD, and CTL groups are presented in Figure
1. Results of the means-as-outcomes models for rumina-
tion demonstrated that mean levels of rumination in the
MDD group (M = 45.92, SE = 4.59), GAD group (M = 44.35,
SE = 4.45), and MDD-GAD group (M = 48.20, SE = 4.11) all
were significantly higher than was mean level of rumina-
tion in the CTL group (M = 20.33, SE = 3.0D), all ps < .001,
all pseudo-R?%s > .30. Mean levels of rumination across the
MDD, GAD, and MDD-GAD groups did not differ signifi-
cantly from one another, all ps > .38, all pseudo-R%s < .00.
Similarly, results of the means-as-outcomes models for
worry demonstrated that mean levels of worry in the MDD
group (M = 49.13, SE = 4.96), GAD group (M = 54.23, SE =
5.10), and MDD-GAD group (M = 55.42, SE = 4.29) all
were significantly higher than was mean level of worry in
the CTL group (M = 23.00, SE = 3.19), all ps < .001, all
pseudo-R%s > .30. Again, mean levels of worry across the
MDD, GAD, and MDD-GAD groups did not differ signifi-
cantly from one another, all ps > .19, all pseudo-R*s < .01.

Naturalistic construct validity of
rumination and worry

To examine the naturalistic validity of these constructs,
we conducted two multilevel analyses predicting levels

of rumination and worry, respectively, at a given prompt
as a function of their theorized features within the same
prompt. That is, we tested the unique contribution of
each theorized feature to each overall construct at that
same point in time. Accordingly, Level 1 pseudo-K? val-
ues are reported.

Rumination. For the model predicting rumination at a
given prompt, the Level 1 predictors were thought unpleas-
antness, repetitiveness, abstractness, uncontrollability, past
orientation (dummy coded: 0 = not past-oriented, 1 = past-
oriented), self-focus (dummy coded: 0 = not self-focused, 1
= self-focused), situational certainty, and situational lack of
control, at that same prompt. All continuous predictors
were person-centered. Given that across all participants
levels of rumination and worry were associated within
prompts, p < .001, pseudo-K* = .09, we covaried level of
worry at that same prompt to examine the specific rela-
tions of these features to rumination.
Level 1 model (prompt leveD):

Rumination,j. = BQ]’ + Blj (unpleasantness) + [32/,
(repetitiveness) + f;; (abstractness) +
[347 (uncontrollability) + st (past
orientation) + B, (self-focus) + B,
(situational certainty) + st
(situational lack of control) + [39].
(worry) + 7

With respect to new denotations, f3;; denotes the associa-
tion between level of unpleasantness of thoughts and level
of rumination for participant j; this same denotation holds
for B, to By as the other theorized features of rumination.

At Level 2, we tested the construct validity of rumina-
tion in MDD, GAD, and MDD-GAD; because the MDD,
GAD, and MDD-GAD groups did not differ in their mean
levels of these constructs and to maximize statistical
power, we initially conducted the Level 2 models using
clinical group (i.e., the MDD, GAD, and MDD-GAD
groups combined) as the reference group. Accordingly,
the CTL group was entered as the contrast group at Level
2 (i.e., clinical group = 0, CTL group = 1).

Level 2 models (participant leveD):

BOj =70 + Yo1 (CTL group) + Uy,
By = Y10 + v11 (CTL group) + uy;

By = Y20 + VY21 (CTL group) + uy,

Bo; = Yoo + Yo1 (CTL group) + uy,

With respect to new denotations, y,, denotes the mean
level of rumination in the clinical group, and y,, denotes
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Table 2. Multilevel Model Predicting Level of Rumination as a Function of Theorized Features Within Prompts

Predictor Unstd. coeff. SE #(68) Group differences
Unpleasantness (Bu)
Clinical group (y,,) 5.89 0.71 8.3k MDD > MDD-GAD*
CTL group contrast (y,,) -3.65 1.18 —3.09%* Clinical > CTL**
Repetitiveness (BZi)
Clinical group (y,,) 0.27 0.03 7.85%*
CTL group contrast (y,,) 0.01 0.06 0.15
Abstractness (B5)
Clinical group (y5,) -0.32 0.42 -0.77
CTL group contrast (y5,) 1.25 0.59 2.12* CTL: sig.*
Uncontrollability (B,)
Clinical group (y,,) 0.08 0.03 2.94%*
CTL group contrast (y,,) 0.08 0.06 1.40
Past orientation (st)
Clinical group (ys,) 4.35 1.66 2.62*
CTL group contrast (y5;) 2,51 3.75 0.67
Self-focus (B6i)
Clinical group (y,) 2.15 1.05 2.05*
CTL group contrast (y,,) -1.29 1.22 -1.05
Situational certainty (B
Clinical group (y,,) -0.03 0.03 -1.02 GAD: sig. in opposite direction**
CTL group contrast (yg,) 0.00 0.06 0.03
Situational lack of control (By)
Clinical group (y,,) 0.10 0.03 3.00%*
CTL group contrast (Yy,) -0.01 0.06 -0.11

Note: CTL = no past or current psychiatric disorder; GAD = current generalized anxiety disorder; MDD = current major
depressive disorder; MDD-GAD = current major depressive disorder and generalized anxiety disorder. Clinical group
represents the estimate in the MDD, GAD, and MDD-GAD groups combined. CTL group contrast represents the difference
between the estimates in the clinical group and the CTL group. Group differences are denoted only when they are statistically

significant.
*p < .05. *¥p < .01. **p < .001. >Significantly stronger effect.

the difference in mean level of rumination between the
clinical group and the CTL group. y,, denotes the associa-
tion between level of unpleasantness of thoughts and
level of rumination in the clinical group, and y,; denotes
the difference in this association between the clinical
group and the CTL group. This same denotation holds for
Y20 1O Yo1-

Full results for the model predicting rumination are
presented in Table 2. As hypothesized, in the clinical
group, level of rumination was significantly and uniquely
associated with level of unpleasantness, p <.001, pseudo-
R? = .06, repetitiveness, p < .001, pseudo-R*> = .09, and
uncontrollability, p = .01, pseudo-R* = .02, of thoughts.
Level of rumination was also significantly and uniquely
associated with past orientation, p = .01, pseudo-R?
.01, and self-focus, p < .001, pseudo-K? = .01, of thoughts,
and with a sense of lack of control over situations, p <
.01, pseudo-R* = .01. Contrary to expectations, however,
level of rumination was not associated with level of
abstractness of thoughts, p = .44, pseudo-K* = .01, or with

a sense of certainty about situations, p = .31, pseudo-R* =
.01. Collectively, the Level 1 predictors explained 56.24%
of the within-subjects variance in level of rumination.
Although not the focus of our investigation, contrasts
between the clinical and CTL groups are presented in
Table 2.

Finally, to test the possibility of any differences among
the MDD, GAD, and MDD-GAD groups in the relations
of these theorized features to rumination, we conducted
a follow-up set of Level 2 models, with each model using
the MDD, GAD, or MDD-GAD group, respectively, as the
reference group.

Level 2 models (participant level; example using MDD
group as reference group):

Boj = Yoo + Yor (GAD group) + v, (MDD-GAD group)
+ Y3 (CTL group) + uy,

By = Y10 + Y11 (GAD group) + v,, (MDD-GAD group)
+ 73 (CTL group) + uy,
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By = Y20 + Y21 (GAD group) + y,, (MDD-GAD group)
+ 7,3 (CTL group) + uy,

Boi = Yoo + Yo1 (GAD group) + vy, (MDD-GAD group)
+ o3 (CTL group) + uy

As shown in Table 2, there were only two significant
differences among the MDD, GAD, and MDD-GAD
groups in the relations of these features to rumination.
First, the association between level of unpleasantness of
thoughts and level of rumination was slightly stronger in
the MDD group than in the MDD-GAD group, p = .04,
pseudo-R* = .00. Second, in the GAD group, a sense of
uncertainty about situations was significantly associated
with level of rumination, p = .01, pseudo-k* = .00; this
was not the case in the MDD and MDD-GAD groups.

Worry. For the model predicting worry at a given
prompt, the Level 1 predictors were thought unpleasant-
ness, repetitiveness, abstractness, uncontrollability, future
orientation (dummy coded: 0 = not future-oriented, 1 =
Juture-oriented), verbal-linguistic focus (dummy coded:
0 = not verbal-linguistic, 1 = verbal-linguistic), situational
uncertainty, and situational control, at that same prompt.
All continuous predictors were person-centered. Given
that across all participants levels of rumination and worry
were associated within prompts, p < .001, pseudo-R* =
.09, we covaried level of rumination at that same prompt
to examine the specific relations of these features to
WOTLTY.
Level 1 model (prompt leveD:

Worry,, = BQ]’ + Blj (unpleasantness) + [32]
(repetitiveness) + f;; (abstractness) + B
(uncontrollability) + Bs; (future orientation)
+ B¢, (verbal-linguistic) + B, (situational
uncertainty) + f; (situational controD) + B,
(rumination) + 7;;

The same denotations for the Level 1 and Level 2 mod-
els predicting Rumination;; hold for the models predicting
Worry;. Also consistent with the analyses for rumination,
we initially conducted the Level 2 models for worry using
clinical group (i.e., the MDD, GAD, and MDD-GAD
groups combined) as the reference group and the CTL
group as the contrast group.

Full results for the model predicting worry are pre-
sented in Table 3. As hypothesized, in the clinical group
level of worry was significantly and uniquely associated
with level of unpleasantness, p < .01, pseudo-K* = .02,
and repetitiveness, p < .001, pseudo-R* = .01, of thoughts.
Level of worry was also significantly and uniquely associ-
ated with future orientation, p < .001, pseudo-R* = .03,

and verbal-linguistic focus, p < .001, pseudo-K? = .01, of
thoughts, and with a sense of uncertainty about situa-
tions, p < .001, pseudo-K? = .05. Contrary to expectations,
however, level of worry was not associated with level of
uncontrollability of thoughts, p = .38, pseudo-K*> = .01. In
addition, worry was associated with greater concreteness
rather than abstractness of thoughts, p < .01, pseudo-R* =
.01, and with a sense of lack of control rather than con-
trol over situations, p < .001, pseudo-K* = .05. Collectively,
the Level 1 predictors explained 49.82% of the within-
subjects variance in level of worry. Although not the
focus of our investigation, contrasts between the clinical
and CTL groups are presented in Table 3.

To test the possibility of any differences among the
MDD, GAD, and MDD-GAD groups in the relations of
these theorized features to worry, we conducted a fol-
low-up set of Level 2 models, with each model using the
MDD, GAD, or MDD-GAD group, respectively, as the
reference group. The same denotations for the Level 1
and Level 2 models predicting Rumination;; hold for the
models predicting Worry;. As shown in Table 3, there
were only two significant differences among the MDD,
GAD, and MDD-GAD groups in the relations of the the-
orized features to worry. First, the association between
a sense of uncertainty about situations and level of
worry was slightly stronger in the MDD-GAD group
than in the GAD group, p = .01, pseudo-R? = .00. Second,
in the MDD-GAD group, controllability of thoughts was
significantly associated with level of worry, p = .01,
pseudo-K? = .00; this was not the case in the MDD and
GAD groups.

Discussion

In the present study, participants diagnosed with MDD,
GAD, and MDD-GAD all were found to be characterized
by high and equivalent levels of rumination and worry in
daily life. In addition, participants’ momentary reports of
their thoughts provided strong support for multiple theo-
rized components of these thought processes, while also
suggesting that some features are not as integral to con-
ceptualizations of rumination and worry as traditionally
has been thought. Most notably, rumination and worry
shared core features of unpleasantness, repetitiveness,
and a sense of situational lack of control, but were distin-
guished by temporal orientation, core content, and a
sense of situational uncertainty. Moreover, persons with
MDD, GAD, and MDD-GAD reported similar relations of
rumination and worry to each of their theorized features,
supporting conceptualizations of rumination and worry
as core processes that transect specific clinical syn-
dromes. Finally, providing a strong foundation for all of
these conclusions, the ESM items assessing rumination
and  worry showed appropriate convergent
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Table 3. Multilevel Model Predicting Level of Worry as a Function of Theorized Features Within Prompts

Predictor Unstd. coeff. SE 1(68) Group differences
Unpleasantness (3, j.)
Clinical group (y,,) 2.27 0.70 3.23%*
CTL group contrast (y,,) 0.54 0.94 0.58
Repetitiveness (B,)
Clinical group (y,,) 0.10 0.02 4.24%
CTL group contrast (y,,) -0.04 0.05 -0.76
Abstractness (B;)
Clinical group (y5,) -1.37 0.42 —3.27%*
CTL group contrast (y;,) 0.66 0.77 0.86
Uncontrollability (B,
Clinical group (y,,) -0.03 0.04 -0.89 MDD-GAD: sig. in opposite direction*
CTL group contrast (y,,) -0.02 0.06 -0.31
Future orientation (st)
Clinical group (y,) 6.90 0.96 7.16%
CTL group contrast (y5;) -3.20 1.52 —2.11% Clinical > CTL*
Verbal-linguistic focus (B@/)
Clinical group (y,) 3.40 0.89 3.84*
CTL group contrast (y,) -1.58 1.58 -1.00
Situational uncertainty (8,)
Clinical group (y,,) 0.21 0.04 5. 11 MDD-GAD > GAD*
CTL group contrast (yg,) 0.04 0.06 0.56
Situational control (B,
Clinical group (y,) -0.17 0.04 —3.88%*
CTL group contrast (Y,) 0.02 0.09 0.18

Note: CTL = no past or current psychiatric disorder; GAD = current generalized anxiety disorder; MDD = current major depressive
disorder; MDD-GAD = current major depressive disorder and generalized anxiety disorder. Clinical group represents the estimate
in the MDD, GAD, and MDD-GAD groups combined. CTL group contrast represents the difference between the estimates in the
clinical group and the CTL group. Group differences are denoted only when they are statistically significant.

*p < .05. #p < .01. #*p < .001. >Significantly stronger effect.

and discriminant validity with scores on the traditional
self-report questionnaires assessing these constructs.
Later we discuss implications of these findings for clinical
theory and assessment along with limitations of this study
and directions for future research.

Results of the models predicting rumination supported
the majority of theoretical postulates (reviewed in Nolen-
Hoeksema et al., 2008). Rumination was experienced as
highly unpleasant, repetitive, and uncontrollable, and
thought content was past-oriented and self-focused.
Participants also associated this process strongly with a
sense of lack of control over situations. It is important
that each of these theorized features contributed uniquely
to the overall construct of rumination. In contrast to pre-
dictions, however, ruminative thought was not rated as
abstract or overgeneral and was not associated with a
sense of certainty about situations. With respect to
abstractness, some theorists have posited that there are
two types of rumination: concrete and abstract (Watkins
& Moulds, 2005); it is possible that the clinical partici-
pants in this study were engaging in both forms of rumi-
nation, which may have led us to obtain a nonsignificant

effect. It is also possible that under natural conditions
people experience their thoughts as more specific or
more strongly tied to external events than they do in the
laboratory; in future research, therefore, it will be impor-
tant to assess more explicitly the frequency of and condi-
tions surrounding abstract thinking in daily life. Finally,
whereas rumination was not associated with a sense of
certainty or uncertainty about situations across the full
clinical sample, participants with GAD uniquely reported
a strong link between rumination and a sense of uncer-
tainty. This finding is intriguing in light of previous work
on worry and uncertainty in GAD (e.g., Freeston,
Rhéaume, Letarte, Dugas, & Ladouceur, 1994), and sug-
gests that for persons with GAD a sense of uncertainty is
more broadly associated with perseverative thinking
rather than specifically related to worry.

Findings for the models predicting worry were simi-
larly supportive of multiple theoretical formulations
(reviewed in Borkovec et al., 2004). Worry was experi-
enced as highly unpleasant and repetitive, and was char-
acterized by future-oriented and verbal-linguistic modes
of thinking. This latter finding was particularly striking
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given the coarse nature of our verbal-linguistic ESM item.
In addition, worry was strongly associated with a sense
of uncertainty about situations. Again, each of these fea-
tures contributed independently to the overall construct
of worry. Unexpectedly, however, worry was not reported
as uncontrollable across the full clinical sample, and par-
ticipants with co-occurring MDD-GAD reported an asso-
ciation between controllability of thinking and level of
worry. It is important that participants with MDD-GAD
also reported a stronger sense of uncertainty in worry
than did participants with GAD alone; thus, worry may
be a particularly pernicious process in MDD-GAD (see
also Dupuy & Ladouceur, 2008). Future research should
attempt to replicate this comorbidity-specific effect and
investigate the potential for unique correlates and conse-
quences of worry in co-occurring MDD-GAD. Also con-
trary to expectations, worry was associated with reports
of concrete rather than abstract thinking and, like rumi-
nation, was identified with a sense of lack of control over
situations. It is possible that individuals experience worry
in daily life as tied (at least initially) to particular upcom-
ing events or threats, and that in its persistence worry
becomes increasingly abstract, verbal, and unproductive
(Stober, 1998). Follow-up ESM analyses may assess pat-
terns of worry over time (e.g., in relation to daily events)
and whether the persistence of worry is associated with
increases or decreases in abstractness and sense of con-
trol over situations.

Taken together, evidence for both worry and rumina-
tion in daily life provides strong support for perseverative
thought as an overarching process across MDD, GAD,
and MDD-GAD (Ehring & Watkins, 2008; Harvey et al.,
2004). Specifically, rumination and worry shared several
core features of unpleasantness, repetitiveness, and a
sense of situational lack of control. Rumination and worry
also co-occurred at high levels in all clinical participants.
Evidence for distinct features including temporal orienta-
tion, core content, and sense of situational certainty dem-
onstrate that although rumination and worry are highly
related, they are also distinguishable. Indeed, results con-
cerning distinct features indicate that individuals are able
to discriminate between these two processes in their
daily lives. ESM enables the rare opportunity to examine
individuals’ thought processes in dynamic relation to
other aspects of their daily lives, providing insights that
cannot be achieved solely through the use of static or
laboratory measures. It will be important in future ESM
investigations to extend the present findings by examin-
ing the common and distinct relations of rumination and
worry to other key variables (e.g., daily stressors).

Four limitations of the present study warrant discus-
sion. First, with respect to the available psychometric
data for our ESM items, there are no questionnaires that
assess the specific features of rumination and worry (e.g.,

unpleasantness of thinking) independently of these
broader constructs; moreover, we did not use any labora-
tory procedures to assess these thought features.
Therefore, we were not able to compute the associations
of our thought feature items with other measures. In the
future, the development and standardization of alterna-
tive methods to assess these thought features will facili-
tate the evaluation of convergent and discriminant
validity. Second, our sample size was slightly smaller than
those in previous laboratory studies of MDD and of GAD.
This was due, in part, to our deliberate separation of par-
ticipants with MDD alone, GAD alone, and co-occurring
MDD-GAD, and challenges in recruiting participants who
met current diagnostic criteria for MDD or GAD without
having experienced the other disorder within the past
two years. Indeed, MDD and GAD have very high rates
of lifetime comorbidity (e.g., Brown, Campbell, Lehman,
Grisham, & Mancill, 2001; Judd et al., 1998). Thus, this
smaller sample size may be offset by our ability to detect
group differences using this recruitment strategy. ESM is
also advantageous in this context in providing a large
number of data points for each participant. Third, we
restricted our sample to women to strengthen statistical
power, particularly given that women have been found to
engage in perseverative thought more frequently than do
men (reviewed in Nolen-Hoeksema et al., 2008). Future
research should include samples of both men and women
who are diagnosed with various forms of psychopathol-
ogy to examine the generalizability of these constructs.
Similarly, future ESM studies should also explore rumina-
tion, worry, and other thought processes across diverse
forms of psychopathology to replicate these findings.
Fourth, although prompt response rates did not differ
significantly among the groups, the overall response rate
was slightly lower than that in a previous ESM study in
our laboratory (see Thompson et al., 2012). However,
other ESM-based investigators have obtained lower
response rates than that reported in this study (e.g.,
Hartley et al., 2014). Participants in the present study
received a preset compensation and bonus incentive for
their completion of ESM; it is possible that a titrated com-
pensation schedule would be more effective in increas-
ing response rates.

In sum, we used a theory-driven ESM approach to
shed fresh light on rumination and worry and to stimu-
late further empirical and clinical applications. In consid-
ering future research on these constructs, one of the most
pressing questions will be how to utilize data to develop
more personalized understanding of and interventions
for rumination and worry (consistent with National
Institute of Mental Health [NIMH] Strategic Objective 3.2;
Insel, 2009). ESM enables unique insight into the natural-
istic within-person dynamics of rumination and worry
and, in so doing, can provide individualized information
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concerning the precipitants, correlates, and consequences
of these forms of perseverative thinking. The current
results indicate that assessing thought unpleasantness,
repetitiveness, uncontrollability, and situational lack of
control is particularly important in an integrative experi-
ence sampling examination of rumination and worry. In
the context of cogent arguments presented in Nolen-
Hoeksema et al. (2008), future ESM investigations should
pay particular attention to the functions served by differ-
ent forms of perseverative thought for individuals in daily
life; these include nonconscious functions that partici-
pants may not report directly, but that can be revealed
through ESM-assessed dynamics of these thought pro-
cesses in relation to other key factors (e.g., daily events,
affective experiences). The results obtained from person-
alized assessment can then be used to develop person-
centered interventions that target the particular
precipitants or functions served by rumination and worry
for each individual, which may be more effective than
traditional interventions that focus on treating the typical
or average individual (Fisher, 2014). Such applications
would also help to bridge the gap between assessments
conducted in the laboratory and individuals’ daily func-
tioning. Sophisticated methodological and analytic
approaches to naturalistic data increase our ability to test
clinical theories, develop personalized interventions, and
encourage new research questions that could not before
be asked.
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