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Emotion regulation habits related to depression: A longitudinal investigation of stability
and change in repetitive negative thinking and positive reappraisal

Difficulties in regulating negative emotions are theorized to lie at the core of hallmark
symptoms of depression (Gross & Jazaieri, 2014; Joormann, 2010). Two extensively
investigated emotion regulation strategies that have been implicated in depression are the
habitual use of repetitive negative thinking and positive reappraisal (Aldao, Nolen-Hoeksema,
& Schweizer, 2010; Liu & Thompson, 2017; Watkins, 2008). Repetitive negative thinking
refers to a process of excessive thinking about negative topics that is passive and difficult to
control (Ehring et al., 2011; Watkins, 2008). Rumination (focused on past or current distress)
and worry (focused on future threats) are two common forms of repetitive negative thinking.
Engaging in repetitive negative thinking has been linked to inertia of negative emotions (Waugh
et al., 2017), impaired stress recovery (Watkins, 2008), negative cognitive biases (Joormann,
Dkane, & Gotlib, 2006), and less effective problem solving (Nolen-Hoeksema, Wisco, &
Lyubomirsky, 2008). Both subclinical and clinical variants of depression are characterized by
higher levels of repetitive negative thinking (Aldao et al., 2010).

Positive reappraisal involves reinterpreting the meaning (i.e., generating alternative
meanings) of a negative emotion-eliciting stimulus in a less negative and more positive manner
to reduce its emotional impact (Garnefski & Kraaij, 2007; Ochsner & Gross, 2008).! Habitual
use of positive reappraisal has been associated with increased positive emotions (Brans, Koval,
Verduyn, Lim, & Kuppens, 2013), more positive interpretations of ambiguity (Everaert et al.,
2017), better stress recovery (Jamieson, Nock, & Mendes, 2012), and improved psychological
adjustment (Nezlek & Kuppens, 2008). A lower propensity to use positive reappraisal has been

consistently associated with subclinical and clinical forms of depression (Aldao et al., 2010).

! This study focused on one commonly-studied form of reappraisal (reinterpretation) and did not consider other
forms such as distancing (viewing an emotional stimulus from a perspective of a distant observer; McRae,
Ciesielski, & Gross, 2012; Ochsner & Gross, 2008).
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Importantly, longitudinal research has shown that repetitive negative thinking predicts
increases in depressive symptoms as well as the maintenance and relapse of clinical depression
(Raes, 2012; Spinhoven, van Hemert, & Penninx, 2018; Topper, Molenaar, Emmelkamp, &
Ehring, 2014). Conversely, habitual positive reappraisal use is related to prospective decreases
in depressive symptoms (Brewer, Zahniser, & Conley, 2016; Garnefski & Kraaij, 2007; Haga
et al., 2012). Together, accumulated evidence indicates that tendencies to use more repetitive
negative thinking and less positive reappraisal may confer risk to experiencing depression.
Stability and change of emotion regulation habits

Though research has made important progress in understanding the role of emotion
regulation habits in depression, little is known about one of their theorized core characteristics:
the enduring nature. Indeed, theorists have conceptualized the propensity to use repetitive
negative thinking or positive reappraisal as individual dispositional characteristics that are
stable over time. That is, repetitive negative thinking (Hertel, 2004; Nolen-Hoeksema et al.,
2008; Smith & Alloy, 2009) and positive reappraisal (Gross & John, 2003; Liu & Thompson,
2017) are assumed to reflect trait-like tendencies or “habits of thought” that occur frequently
and repetitively in response to stress. Indeed, many studies have examined the role of
momentary (i.e., state-like) emotion regulation strategy use in distorted emotion dynamics using
ecological momentary assessment methods (e.g., Brans et al., 2013; Haines et al., 2016).
However, knowledge of the temporal stability of habitual (i.e., trait-like) emotion regulation
strategy use seems particularly important in determining whether these emotion regulation
processes represent enduring risk for psychological maladaptation.

Some studies examined the temporal stability of habitual repetitive negative thinking
and positive reappraisal using two-wave test-retest designs. This research found moderate test-
retest correlations for repetitive negative thinking (Smith & Alloy, 2009) and positive

reappraisal (Garnefski, Kraaij, & Spinhoven, 2001), suggesting modest stability in the degree
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to which individuals maintain their relative position regarding their use of these regulatory
strategies over time. However, two-wave test-retest designs are limited in their ability to
illuminate processes of stability and change because such designs confound true change with
measurement error and cannot describe individual trajectories of change (Singer & Willett,
2003). Minimum three waves of data collection are required to investigate these fundamental
aspects of stability and change in emotion regulation habits (Singer & Willett, 2003).

To date, few studies have employed multi-wave designs to investigate longitudinal
trajectories of habitual emotion regulation strategy use. Available studies have exclusively
focused on longitudinal change in rumination. In a community sample of adolescents with
varying depressive symptom levels, one study measured rumination across four repeated
assessments separated by five-week intervals (Hankin, 2008). The results revealed a moderate
average test-retest correlation for rumination, suggesting modest stability in the relative rank of
individuals on habitual rumination. Moreover, growth modeling showed that the mean level of
rumination decreased across the four waves of data collection, indicating that rumination may
change over time. While individual differences in rumination emerged at the start of the study,
no differences among individuals occurred in the linear change over time. This suggests that
adolescents have comparable trajectories of decreasing rumination use regardless of their initial
levels. Another study followed community adolescents reporting varying depression levels over
the course of three years with yearly assessments of rumination (Mazzer, Boersma, & Linton,
2019). The results of the structural equation models showed moderately strong relations
between two subsequent measurements, providing further evidence for some rank-order
stability in habitual rumination. However, different from earlier work (Hankin, 2008), the level
of rumination increased linearly over the course of the three-year follow-up. Finally, one recent
study in healthy, anxious, and depressed adults examined the stability of rumination across five

follow-up assessments over the course of nine years (Struijs et al., 2020). This study did not
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estimate individual change trajectories but computed intraclass correlation coefficients (ICCs)
to examine the absolute agreement between scores at two time points (i.e., the extent to which
scores at wave 1 equal scores at wave 2, 3, 4 or 5). The results revealed moderate ICCs with a
slight decline as the length of the follow-up increased, providing evidence for temporal stability
over short and long time intervals.

Taken together, current research suggests modest stability in the relative ranking of
individuals on habitual rumination and linear changes in the use rumination over time, while
other research indicates that rumination may be stable with decreasing stability over longer time
intervals. Accordingly, empirical research on rumination yields mixed support for a stable trait
perspective on this emotion regulation process.

Sources of change in trajectories of emotion regulation habits

Despite initial research on trajectories of emotion regulation habits, the factors that drive
change within such longitudinal trajectories are not well understood. Transactional models of
stress and vulnerability to depression propose that emotion regulation habits are dynamically
related to stressors and depressive symptoms over time (Hankin & Abramson, 2001; Watkins
& Roberts, 2020). That is, stressors and depressive symptoms may increase engagement in
habitual emotion regulation to reduce the experienced distress. When emotion regulation habits
are characterized by more repetitive negative thinking or less positive reappraisal, habits may
in turn elicit higher levels of stress and increase depressive symptom severity.

Providing initial support for this notion, emerging research on rumination in adults has
shown that perceived stress is related to increased rumination over time (Michl, McLaughlin,
Shepherd, & Nolen-Hoeksema, 2013) and that rumination predicts elevations in stress (Flynn,
Kecmanovic, & Alloy, 2010). Furthermore, recent work demonstrated that rumination is related
to increases in depressive symptoms which in turn predict increases in rumination (Whisman,

du Pont, & Butterworth, 2020). However, research has yet to formally test whether stress and
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depressive symptoms directly modulate the longitudinal course of repetitive negative thinking
and other emotion regulation habits over time.
The present study

The purpose of this study was twofold: (a) to characterize the prototypical individual
trajectories of repetitive negative thinking and positive reappraisal over time, and (b) to examine
perceived stress and depression symptoms as sources of temporal change in emotion regulation
habits. Consistent with views on emotion regulation habits as stable traits (Liu & Thompson,
2017; Smith & Alloy, 2009), we expected that the prototypical longitudinal trajectory of
repetitive negative thinking and positive reappraisal would be relatively stable over time. We
anticipated individual differences in the initial levels of emotion regulation habits (cf. Hankin,
2008), but limited variability in the rate of change if such habits reflect stable individual traits.
Nevertheless, based on prior research observing increasing and decreasing trends (Hankin,
2008; Mazzer et al., 2019) as well as modest test-retest stability (Garnefski et al., 2001; Smith
& Alloy, 2009), we deemed it plausible to observe some change in emotion regulation habits.

Examining within-person sources of variation in longitudinal trajectories, we predicted
that both depressive symptoms and perceived stress have time-varying effects on the course of
emotion regulations habits (Michl et al., 2013; Whisman et al., 2020). Specifically, we expected
that depressive symptoms and perceived stress would predict more repetitive negative thinking
and less positive reappraisal at the same wave. Finally, to examine the temporal precedence
among these variables, we predicted that emotion regulation habits have bidirectional relations
with perceived stress and depressive symptoms (Hankin & Abramson, 2001). In particular, we
anticipated that depressive symptoms and perceived stress predict increases in repetitive
negative thinking but decreases in positive reappraisal. We expected that repetitive negative
thinking and positive reappraisal use are in turn to be related to increases and decreases in

perceived stress, respectively.
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Method

Participants and sampling strategy

This study employed a dimensional approach that considered individual differences in
repetitive negative thinking and positive reappraisal along full range of depressive symptom
severity levels (Insel et al., 2010). Therefore, recruitment of participants for this study was
unselected. Participants were recruited through Amazon’s Mechanical Turk (MTurk) between
October 2016 and July 2017. MTurk provides an online crowdsourcing platform with access to
large samples that are suitable for research on psychopathology (Chandler & Shapiro, 2016;
Ophir, Sisso, Asterhan, Tikochinski, & Reichart, 2018). Participation in the study was restricted
to MTurk users who were 18 years (M,z=39.25, SD=12.30) or older and resided in the United
States of America. A total of 320 MTurk users qualified for inclusion in this study. Table 1
provides demographic information. Following recommendations for research using
crowdsourced samples (Chandler & Shapiro, 2016), several steps were taken to ensure high
data quality and power. Data quality requirements are detailed in supplement 1.
Procedure

This longitudinal study consisted of twenty waves of data collection separated by one-
week time intervals, resulting in a total duration of five months. The duration of the follow-up
was comparable to prior work (Hankin, 2008), while the one-week time intervals increased the
temporal resolution to detect potential fluctuations in habitual emotion regulation strategy use
that cannot be captured when using longer time-intervals. At wave 1, participants completed a
survey which began with demographic questions (age, gender, race, education level) followed
by well-established questionnaires (detailed below). At all subsequent waves, participants
completed the same test battery of questionnaires. The questionnaires were presented in
randomized order. The study procedures were approved in accordance with the Institutional

Review Board at Yale University. All participants gave informed consent after the study
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protocol was explained. Participants were remunerated per survey and up to a total of 15.20
USD for completing all waves of data collection.
Questionnaires?

Participants were instructed to complete the questionnaires in reference to the past week.
This was to standardize the temporal orientation across all questionnaires and waves of data
collection. Supplement 2 details the instructions. The reliability of the questionnaires to capture
within-person changes was calculated following reliability measures described by Bolger and
Laurenceau (2013). The coefficients (R, ’s) are reported below.

Dispositional emotion regulation strategy use

Habitual repetitive negative thinking. The repetitive negative thinking subscale of the
Repetitive Thinking Questionnaire (McEvoy, Mahoney, & Moulds, 2010) is a transdiagnostic
measure of the tendency for perseverative negative thinking. All 27 items of the subscale are
scored on a five-point scale from 1 (‘not true at all’) to 5 (‘very true’) in reference to distressing
situations during the past week. Psychometric research evaluating the repetitive negative
thinking subscale in nonclinical and clinical samples has demonstrated that the subscale has a
good to excellent high internal consistency as well as validity (Mahoney, McEvoy, & Moulds,
2012; McEvoy et al., 2010). The total score on the subscale was rescaled so that scores ranged
from 0 to 108 to aid interpretation of the growth curve plots. In this study, the subscale had
acceptable reliability (R.=.70) in measuring within-person changes over time as well as
excellent internal consistency (Cronbach’s a varied between .97 and .98 across waves).

Habitual positive reappraisal. The habitual use of positive reappraisal was measured
using the subscale of the Cognitive Emotion Regulation Questionnaire (Garnefski et al., 2001).

This 4-item scale specifically measures the use of positive reappraisal in response to negative

2 The current study was part of a larger longitudinal study examining emotion regulation in depression and anxiety.
In addition to the measures described in this manuscript, we administered the Beck Anxiety Inventory (Beck,
Epstein, Brown, & Steer, 1988). The research questions addressed within this study were a priori.
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events during the past week. On each of the 4 items, respondents rate the extent to which they
engage in positive reappraisal using a 5-point scale from 1 (‘almost never’) to 5 (‘almost
always’). The positive reappraisal subscale has good to excellent internal consistency,
acceptable test-retest reliability, and both convergent and divergent validity (Garnefski &
Kraaij, 2007; Garnefski et al., 2001; Ireland, Clough, & Day, 2017). The total score of the
positive reappraisal subscale was rescaled so that scores ranged from 0 to 16 to facilitate
interpretation of the growth curve plots. In the present study, the R, coefficient of .84 suggests
that the positive reappraisal subscale had good reliability in measuring within-person changes
over time. In addition, the internal consistency (Cronbach’s o) varied between .90 and 0=.96.

Depressive symptom severity

The Beck Depression Inventory — II (BDI-II; Beck et al., 1996) is the most frequently
used self-report instrument to measure the severity of common depressive symptoms. On 21
items, respondents indicate the degree to which they have experienced a certain symptom on a
four-point scale from 0 to 3, yielding a total score ranging from 0 to 63. Participants completed
all items in reference to the past week. The reliability and validity of the BDI-II has been
extensively supported in both nonclinical and clinical adult samples (Joiner, Walker, Pettit,
Perez, & Cukrowicz, 2005). In this study, the R, coefficient of .81 suggests that the BDI-II had
good reliability in measuring within-person changes in depressive symptom severity over time.
The internal consistency of the BDI-II varied between Cronbach’s 0=.95 and 0=.96.

Perceived stress

The Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983) is one of the most
commonly-used measures of the perception of stress. On each of the 10 items of this
questionnaire, respondents indicate the degree to which they appraise situations in their lives as
stressful on a five-point scale from 0 (‘never’) to 4 (‘very often’). Participants completed all

items in reference to the past week. The total score ranges from 0 to 40. Research has shown
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that the questionnaire has an adequate internal consistency (Roberti, Harrington, & Storch,
2006) and convergent validity (Pbert, Doerfler, & DeCosimo, 1992). In this study, the R,
coefficient of .60 indicates that the Perceived Stress Scale has acceptable reliability in
measuring within-person changes in perceived stress over time. The internal consistency of the
scale varied between Cronbach’s 0=.91 and 0=.94.
Missing data

On average, participants completed 17 of the 20 waves of data collection (SD=5.29).
Complete data were available for 75% of the participants. The overall level of missing values
was low (15%) given the intensity and duration of this online longitudinal study. Logistic
regression analysis tested whether demographic characteristics (age, gender, race, education),
emotion regulation habits (repetitive negative thinking, positive reappraisal), and clinical
variables (perceived stress, depressive symptoms) predicted the likelihood of incomplete data
(O=incomplete, 1=complete). Older age was associated with greater likelihood of complete
data, b=0.04, Wald’s Z=8.14, p=.004, Odds Ratio=1.04. No other variables were predictive of
(in)complete data. Therefore, age was included as a covariate in the analyses to reduce the
possibility of bias and permit valid generalizations (Graham, 2009; Singer & Willett, 2003).
Analytical plan

Multilevel modeling was used given the hierarchically nested data structure with waves
of data collection (i: 1-20) nested within individuals (j: 1-320). This approach is particularly
suited to handle unbalanced and missing data as well as within-person observation dependency
(Singer & Willett, 2003). Maximum likelihood method was used to estimate the models.
Analyses were conducted with R 3.6.2 (R Core Team, 2018) using the package n/me (Pinheiro,
Bates, DebRoy, Sarkar, & Team, 2018).

To examine the longitudinal trajectories of emotion regulation habits, individual growth

curve models were fitted separately for repetitive negative thinking and positive reappraisal.
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First, we estimated an unconditional mean model (Model 1) to examine individual variation in
habitual emotion regulation strategy use across individuals without regard to time. The
intraclass correlation (ICC) was computed to decompose the total variance into between-person
(level-2) and within-person (level-1) variance components. Second, we specified a
unconditional linear growth model (Model 2) to investigate systematic change in habitual
emotion regulation strategy use over time. The Wave variable was centered on the first
measurement occasion (the first wave was coded as 0). The intercept and slope were allowed
to vary across individuals. A first-order autoregressive covariance structure accounted for
higher correlations among repeated assessments that are closer in time and lower correlations
with increasing distance between repeated assessments (Singer & Willett, 2003). Third, to
investigate within-person sources of variation in longitudinal trajectories, we tested a
conditional linear growth model with perceived stress and depressive symptom severity as
time-varying covariates (Model 3). This model examines time-varying effects of perceived
stress and depressive symptom severity on trajectories of habitual emotion regulation. Both
covariates were within-person centered before added to Model 3. Fourth, in Model 4, the grand-
mean centered age variable was added as another level-2 predictor to Model 3 to control for its
potential relation with individual differences in the initial levels of habitual emotion regulation
strategy use (i.e., the intercept) and the rate of change (i.e., the slope) over time. Finally, as in
prior work (Hankin, 2008), unconditional mean unconditional linear growth models were also
fitted for depressive symptom severity and perceived stress to provide a benchmark against
which longitudinal trajectories of emotion regulation habits can be compared.

To examine the temporal precedence between changes in emotion regulation habits and
changes in both perceived stress and depressive symptoms, four within-person cross-lagged
models were tested. In these models, perceived stress (or depressive symptom severity) at wave

w was entered as a predictor of habitual emotion regulation (i.e., repetitive negative thinking or
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positive reappraisal) at the next wave (w+1), controlling for the habitual use of that emotion
regulation strategy at wave w. The inverse relation was also tested: Habitual emotion regulation
at wave w was entered as a predictor of changes in perceived stress (or depressive symptom
severity) from wave w to wave w+ /. Following recommendations to obtain unbiased estimates
of the effects of a predictor on the outcome (Hamaker, Kuiper, & Grasman, 2015), the predictors
were decomposed into time-invariant (i.e., an individual’s mean score across available waves)
and time-varying (i.e., within-person fluctuations from wave to wave around an individual’s
mean score) components. In light of the current study’s focus on within-person dynamics, the
results focus on the within-person components even though the between-person components
were included in all analyses (as predictors of the random intercept). Note that the analyses
controlled for the growth curve of each variable (by adding the wave variable to the models)
and included age as a predictor of the random intercept.
Results

Sample characteristics

Participants’ scores on measures of repetitive negative thinking, positive reappraisal,
perceived stress, and depressive symptom severity represented almost the full range of scores
at each wave of data collection. Descriptive statistics for all study variables per wave of data
collection are provided in Table 2. A considerable portion of the participants (min: 31%, max:
49%) reported elevated levels of depression symptoms according to established cutoffs (Beck
et al., 1996; Steer & Beck, 1997). Of note, 119 participants had an average BDI-II score of >
14 over the course of the longitudinal follow-up and displayed chronically elevated symptom
levels. The observed variability in each study variable indicates that the full range of change in
repetitive negative thinking, positive reappraisal, perceived stress, and depression severity can

be adequately studied.
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Longitudinal trajectories of emotion regulation habits

Repetitive negative thinking

Table 3 details the results of the tested growth curve models for repetitive negative
thinking. The ICC produced by the unconditional mean model (Model 1) showed that 70.78%
of the total variation in repetitive negative thinking was between-person variance (29.22% was
within-person variation). The likelihood ratio tests showed that the adding the linear function
in Model 2 improved the model fit of the unconditional mean model, y*(4)=485.92, p<.001.
Both growth parameters were significant for this unconditional linear growth model. The initial
status of repetitive negative thinking was significantly different from zero (p<.001), with an
average level of 37.96 at the first wave of data collection. The significant linear effect (p<.001)
suggests that the average trajectory of repetitive negative thinking decreased each week with
0.394 points (scale: 0 to 108). Of note, there were significant individual differences around the
prototypical change trajectory with respect to the intercept SD=22.81 (95%-CI: 20.96, 24.83)
and the linear slope SD=0.72 (95%-CI: 0.61, 0.85). Figure la depicts the prototypical (thick
line) and individual (thin lines) trajectories of repetitive negative thinking.

Examining the contribution of depressive symptom severity and perceived stress at each
wave in predicting repetitive negative thinking at the same wave, it was found that depressive
symptom severity (p<.001) and perceived stress (p<.001) were significantly associated with
repetitive negative thinking. As expected, higher levels of depressive symptoms and perceived
stress were related to greater habitual use of repetitive negative thinking at the same wave,
regardless of the linear trend in the habitual use of this emotion regulation strategy. Adding the
time-varying covariates further improved the fit of Model 2, y*(2)=2506.44, p<.001.

Finally, the results for the conditional linear growth model with age as a time-invariant

covariate (Model 4) revealed that age was related to the initial levels of repetitive negative
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thinking (p=.045), but not to the rate of linear change over time (p=.805). However, adding age
as a time-invariant covariate did not improve the fit of Model 3, y*(2)=4.493, p=.106.

Positive reappraisal

The results of the growth curve models tested for positive reappraisal are provided in
Table 4. The ICC of the unconditional mean model (Model 1) suggested that 71.61% of the
total variation in positive reappraisal scores can be explained by between-person variance (and
28.39% by within-person variation). The unconditional linear growth model (Model 2) had a
better fit with the data than Model 1, y?(4)=315.25, p<.001. In this model, both the intercept
(»<.001) and linear slope (p=.029) parameters were significant. Their unstandardized
coefficients suggest that the average level of positive reappraisal at Wave 1 (10.24) was
different from zero and linearly decreased by 0.02 points each week of data collection (scale: 0
to 14). The variance in the intercepts SD=3.49 (95%-CI: 3.20; 3.81) and linear slopes SD=0.12
(95%-CI: 0.11; 0.14) was significant. The prototypical (thick line) and individual (thin lines)
change trajectories for positive reappraisal are plotted in Figure 1b.

Examining within-person sources of individual differences in Model 3, the analyses
showed that both depression severity (p<.001) and perceived stress (p<.001) levels were related
to positive reappraisal at the same wave of data collection. Higher levels of depression severity
and perceived were related to lower habitual use of positive reappraisal within the same wave.
Adding these time-varying covariates to Model 2 improved its fit, y*(2)=160.31, p<.001.

Finally, the results for the conditional linear growth model with age as a time-invariant
covariate (Model 4) showed that age was not related to the initial status of positive reappraisal
(p=.588), but may be a source of differential trajectories in positive reappraisal (p=.019). Yet,
adding age as a time-invariant covariate to Model 3 yielded only a marginal improvement of its

fit with the data, y*(2)=5.81, p=.055.
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Depressive symptom severity and perceived stress

Providing a benchmark to interpret change in emotion regulation habits, an
unconditional mean and unconditional linear growth model were estimated for depressive
symptom severity and perceived stress. Table 5 details the results of the growth models for
depressive symptom severity and perceived stress. The ICCs produced by the unconditional
mean models showed that 72.14% of the variation in perceived stress and 82.52% of the total
variation in depressive symptom severity was between-person variance. Likelihood ratio tests
demonstrated that the adding the linear function to the unconditional mean model for perceived
stress, x*(4)=395.25, p<.001, and for depressive symptom severity, y*(4)=570.14, p<.001,
improved the model fits. For perceived stress, the initial status differed from zero (p<.001), with
an average level of 16.73 at wave 1. The linear effect (»p<.001) suggests that the average
trajectory of perceived stress decreased each week with 0.07 points (scale: 0 to 40). For
depressive symptom severity, the initial status was significantly different from zero (p<.001),
with an average level of 13.43 at the first wave of data collection. As for perceived stress, the
significant linear effect (p<.001) suggests that the average trajectory of depressive symptom
severity decreased each week with 0.13 points (scale: 0 to 63). For both depressive symptom
severity and perceived stress, there was significant variability in the initial status and linear
change over time (see Table 5).
Mechanisms of change in emotion regulation habits

Repetitive negative thinking

In the model with perceived stress, the autocorrelations for both perceived stress,
b=0.156, SE=0.017, p<.001, and repetitive negative thinking, »=0.141, SE=.017, p<.001,
reached the .05 threshold for statistical significance. The cross-lagged relations showed that

repetitive negative thinking predicted increases in perceived stress, b=0.013, SE=0.005, p=.012,
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and perceived stress predicted increases in repetitive negative thinking, 5#=0.209, SE=0.054,
p<.001.

In the model with depressive symptom severity, the autocorrelations for both depressive
symptoms, b=0.184, SE=0.016, p<.001, and repetitive negative thinking, »=0.158, SE=.016,
p<.001, were significant. As expected, repetitive negative thinking predicted increases in
depressive symptoms, 5=0.019, SE=0.006, p<.001, and depressive symptoms predicted
increases in repetitive negative thinking, b=0.092, SE=0.045, p=.040.

Positive reappraisal

The model with habitual positive reappraisal showed significant autocorrelations for
positive reappraisal, »=0.101, SE=.014, p<.001, and perceived stress, b=0.178, SE=0.014,
p<.001. However, positive reappraisal did not predict changes in perceived stress, b=-0.013,
SE=0.025, p=.601, and perceived stress was not related to subsequent changes in positive
reappraisal, b=-0.008, SE=0.007, p=.280.

Similarly, in the model with depressive symptom severity, there were significant
autocorrelations for both depressive symptoms, »=0.210, SE=0.014, p<.001, and positive
reappraisal, »=0.105, SE=.014, p<.001. Yet, the results indicated that positive reappraisal was
not related to increases in depressive symptoms, b=-0.018, SE=0.028, p=.517, and depressive
symptoms were not related to increases in positive reappraisal, b»=0.005, SE=0.007, p=.474.

Discussion

Investigating individual longitudinal trajectories of habitual repetitive negative thinking
and positive reappraisal in adults, this study revealed that the prototypical patterns of change of
both emotion regulation habits featured a linear decrease over the course of twenty weeks. Of
note, perceived stress and depressive symptoms as benchmarks also exhibited linear decreases
over time. However, the average linear decline in each of the study variables was weak,

suggesting that the prototypical change trajectory of habitual repetitive negative thinking and
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positive reappraisal in adults may be relatively stable over time. Thus, when considering the
average course of emotion regulation habits over time, this study provides support for views on
emotion regulation habits as stable tendencies or “habits of thought” that occur frequently and
repetitively in response to stress (Hertel, 2004; Nolen-Hoeksema et al., 2008; Smith & Alloy,
2009; Watkins & Nolen-Hoeksema, 2014). This observation in an adult sample adds to the few
longitudinal studies examining the stability of habitual rumination. This previous work has
reported both increasing (Hankin, 2008) and decreasing (Mazzer et al., 2019) trends in habitual
rumination during adolescence as well as slightly declining levels in adults (Struijs et al., 2020).
From a developmental perspective (cf. Hankin, 2008), these findings collectively suggest that
the tendency to respond to distress with repetitive negative thinking may still be changing
during adolescence and only crystalize into relatively stable characteristics when entering
adulthood. In addition, this is the first to report on the longitudinal trajectory of positive
reappraisal. While the prototypical course of habitual positive reappraisal use may be stable in
adults, it remains unclear to what extent this emotion regulation tendency depends on
developmental processes. More longitudinal research is needed that tracks individuals during
transitions from adolescence to adulthood to uncover when these emotion regulation habits
emerge and stabilize.

Importantly, this study observed that longitudinal trajectories of both repetitive negative
thinking and positive reappraisal habits were not homogenous. Considerable individual
variability occurred in the initial levels of emotion regulation habits as well as in the rate of
change over time. This finding suggests that the propensity to use repetitive negative thinking
or positive reappraisal is stable in some adults, but increases or decreases to varying degrees in
others. Thus, habitual repetitive negative thinking and positive reappraisal may not have
enduring properties in each individual. Exploring within-person sources of the variability in

longitudinal trajectories, this study observed that higher levels of depressive symptoms and
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perceived stress during the past week are related to instantaneous increases in repetitive
negative thinking and decreases in positive reappraisal during the same week. Both depressive
symptom severity and perceived stress may concurrently modulate the habitual use of emotion
regulation strategies, and potentially account for the decreasing longitudinal trend.

Examining the temporal precedence among these variables, within-person bidirectional
relations with perceived stress and depressive symptom severity were evaluated. In line with
transactional models of stress and vulnerability to depression (Hankin & Abramson, 2001;
Watkins & Roberts, 2020), the results showed that repetitive negative thinking is dynamically
related to perceived stress and depressive symptoms over time. In particular, perceived stress
and depressive symptoms predicted increases in repetitive negative thinking, which in turn
predicted subsequent increases in both perceived stress and depressive symptoms. This finding
suggests that the degree of stability and change in an individual’s tendency to use repetitive
negative thinking depends on his/her perception of contextual features such as stressful
circumstances and experienced depressive symptoms. An individual’s propensity to engage in
repetitive negative thinking may be particularly elevated when facing increases in experienced
stress and symptoms of depression (Hertel, 2004; Watkins & Nolen-Hoeksema, 2014).
Interestingly, individuals with a greater tendency to engage in repetitive negative thinking may
in turn elevate their perception of stress and depression levels. Thus, repetitive negative
thinking may not only be a response to but also elicit higher levels of stress and increase
depressive symptom severity. The finding of interlocking repetitive negative thinking and both
perceived stress and symptoms of depression is consistent with recent research showing
bidirectional relations between rumination and depressive symptoms in a single study
(Whisman et al., 2020) and extends prior work examining these mutual relations with stress in
separate studies (Flynn et al., 2010; Mazzer et al., 2019; Michl et al., 2013). Importantly, prior

to this study the relations between repetitive negative thinking and perceived stress across time
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had not been studied systematically at the within-person level. However, this knowledge is
important to verify theoretical predictions and identify modifiable targets for intervention.

In contrast to predictions derived from transactional models (Hankin & Abramson,
2001; Watkins & Roberts, 2020), the propensity to use positive reappraisal had no bidirectional
relations with perceived stress or depressive symptoms. This study’s observations suggest that
the habitual use of positive reappraisal is not an antecedent or consequence of perceived stress
or depressive symptom severity, but may reflect a correlate of concurrently experienced
perceived stress or depressive symptom levers. Yet, this pattern of findings is surprising in light
of research suggesting that positive reappraisal use is linked to prospective decreases in
depressive symptoms (Brewer et al., 2016; Garnefski & Kraaij, 2007; Haga et al., 2012), better
stress recovery (Jamieson et al., 2012), and reduced daily life stress (Denny & Ochsner, 2014).
It is to note that the absence of bidirectional relations does not imply that habitual positive
reappraisal it is unimportant in psychopathology. It is possible that the habitual use of positive
reappraisal facilitates both adaptation and maladaptation depending on contextual factors. For
example, prior research has found that state reappraisal use could be more adaptive when it is
applied in uncontrollable as opposed to controllable situations (Haines et al., 2016; Troy,
Shallcross, & Mauss, 2013). Taking such appraisals of the broader context (e.g., chronic
stressors or stressful periods in life) into account may be important to reveal when changes in
habitual positive reappraisal may be associated with increases or decreases in perceived stress.

Several limitations to this study point to future directions. First, by conducting a twenty-
wave follow-up over the course of twenty weeks, this longitudinal study retained a relatively
high temporal resolution but covered only a period of five months. Caution is warranted in
generalizing the observed trajectories of change to longer time periods. Future research could
cover longer periods and critical transition phases (e.g., the transition from high school to

college). Second, one out of four participants did not complete all twenty waves of data
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collection. Though overall compliance was relatively high (participants completed on average
17 of the 20 waves) and comparable to other research employing intensive longitudinal designs
(Gruber, Kogan, Mennin, & Murray, 2013), future research in MTurk samples should
implement strategies to reduce attrition when conducting studies with similar sampling schemes
(e.g., Hofmans, De Clercq, Kuppens, Verbeke, & Widiger, 2019). Third, this study relied on
self-report measures. Though all measures showed good internal consistency and reliability to
detect within-subject change over time in this study), it is possible that these measures do not
provide a complete picture of emotion regulation habits, perceived stress, and depression
severity. Future research could integrate multiple methods of habitual emotion regulation (e.g.,
self and other reports) and psychopathology (e.g., self and clinician ratings) in longitudinal
designs. Fourth, the general population sample from this study may limit the generalizability of
the findings to clinical populations. Though this study was able to investigate emotion
regulation habits along continuum broad range of depressive symptom and perceived stress
levels, future work should replicate the findings in clinical samples to document the stability
and change at clinical severity. Doing so, studies should assess whether participants receive any
treatments to assess its impact on the course of emotion regulation habits. Fifth, the sample
consisted mostly of persons who identified as female or described themselves as White, which
limits the generalizability of the findings to other demographic groups. In light of prior research
showing gender and racial/ethnic disparities in the occurrence of mood disorders (Breslau,
Kendler, Su, Gaxiola-Aguilar, & Kessler, 2005), future research should investigate whether the
current findings about the role of repetitive negative thinking and positive reappraisal in
depression are consistent across demographic groups.? Finally, this study is limited by its focus

on two emotion regulation habits. Future research should investigate longitudinal trajectories

3 Exploring gender differences in this study, post hoc analyses revealed no differences in the use of repetitive
negative thinking or positive reappraisal between women and men in the present study (see supplement 3).
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of other emotion regulation strategies (e.g., suppression, dampening) as well as their
bidirectional relations with perceived stress and depressive symptoms.

Despite these limitations, this study augments knowledge of emotion regulation habits
related to depression. The results showed that the prototypical individual change trajectories of
habitual repetitive negative thinking and positive reappraisal were relatively stable over time,
though considerable individual differences emerged in both the initial levels and rate of change.
Explaining (some) of this variation, it was found that higher perceived stress and depressive
symptom severity were related higher concurrent levels of habitual repetitive negative thinking
and lower levels of positive reappraisal habits. Examining within-person processes of change,
cross-lagged analysis revealed bidirectional relations between repetitive negative thinking and
both perceived stress and depressive symptoms. No such within-person bidirectional relations
were observed for positive reappraisal. Together, these findings help to gain a better
understanding of the longitudinal stability and change in habitual repetitive negative thinking

and positive reappraisal in adults.
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Table 1. Demographic characteristics.

Age (M) 39.25 (SD=12.30)
Gender (%)
Male 27.81
Female 72.19
Race (%)
White or Caucasian 79.69
Black or African American 8.44
Asian American 6.25
Hispanic American 4.06
Other 1.56
Education (%)
Some high school 0.63
High school graduate 8.13
Some college 27.19
Two-year college graduate 10.31
Four-year college graduate 35.31
Master degree 14.69

Graduate or professional degree 3.75




Table 2. Descriptive statistics for study variables per wave of data collection.

wave N Depressive symptoms Repetitive negative Positive reappraisal Perceived stress
thinking
M SD  Min Max M SD  Min Max M SD Min Max M SD Min Max
0 320 14.88 12.18 0 58 69.68 27.17 27 135 14.14 417 4 20 18.18 8.17 0 40
1 320 1330 11.74 0 54 6691 2632 27 135 1433 411 4 20 16.87 839 0 40
2 320 1295 1256 O 55 6340 2624 27 131 1454 431 4 20 1622 855 0 40
3 320 1292 13.09 0 57 6324 27.00 27 134 1395 438 4 20 1643 860 0 40
4 314 12,15 1248 O 56 61.08 27.50 27 134 1420 455 4 20 1573 855 0 39
5 297 1194 1274 0 61 6151 27.82 27 135 14.18 4.65 4 20 1557 868 0 40
6 290 12.02 1267 O 58 60.16 27.63 27 131 14.03 476 4 20 1551 849 0 40
7 281 1190 1241 O 61 6093 2781 27 129 14.03 489 4 20 1554 884 0 40
8 269 1158 1247 0 60 60.76 2836 27 135 1395 459 4 20 1593 875 0 40
9 267 11.85 1245 0 58 60.44 2797 27 135 14.00 486 4 20 1581 9.18 0 40
10 264 11.61 1250 O 58 61.79 2889 27 132 1386 4.89 4 20 1576 887 0 40
11 261 1155 1286 O 59 59.82 2842 27 132 1384 477 4 20 1557 893 0 40
12 257 11.00 1247 O 56 58.15 26.55 27 131 13.88 495 4 20 1538 854 0 40
13 252 1049 1226 O 56 57.64 2726 27 131 1381 486 4 20 15.10 852 0 39
14 250 11.01 12.60 O 57 59.75 28.61 27 135 13.55 521 4 20 1557 929 0 40
15 246 1054 1253 O 55 5722 2831 27 133 1394 497 4 20 1469 9.02 0 38
16 244 10.16 12.16 0 55 56.66 2725 27 131 13.66 522 4 20 1460 863 0 40
17 242 1038 12.19 0 58 5896 28.08 27 135 13.70 5.09 4 20 15.02 888 0 40
18 240 10.76 12.64 0 59 5856 27.81 27 132 13.71 505 4 20 1545 9.17 0 39
19 240 1096 1289 0 60 60.78 2992 27 135 13.75 5.08 4 20 1541 9.16 0 40

Notes. The questionnaire scores were not rescaled in this table. For all fitted multilevel models, the total scores were
rescaled so that the minimum possible value equaled 0.



Table 3. Fitted individual growth curve models for repetitive negative thinking.

Model Fixed effects Random effects

Effect Coef. SE t p Effect

Clos(SD)

Estimate  SD
lower  upper

Intercept 34712 1.332  26.070 <0.001 Intercept

550.986 23.473 21.673 25.422

Residual 227435 15.081 14.793 15.374
2
Intercept 37.955 1.347 28.183 <0.001 Intercept 520.397 22.812 20.956 24.833
Wave -0.394 0.061 6.453 <0.001 Linear slope 0.519 0.721  0.610  0.852
Correlation intercept — wave -0.055 -0.182  0.074
Residual 212.74 14.586 14.262 14916
Autocorrelation 0.200 0.167 0.232
3
Intercept 36.231 1.360 26.645 <0.001 Intercept 560.136 23.667 21.788 25.708
Wave -0.188 0.0449 -4.196 <0.001 Linear slope 0.288 0.536  0.455 0.633
BDI 0.840 0.0360 23.312 <0.001 Correlation intercept — wave -0.124 -0.309  0.069
PSS 1.346  0.0405 33.220 <0.001 Residual 125.884 11.220 10.985 11.459
Autocorrelation 0.115 0.083 0.147
4

Intercept 36.228 1.351 26.807 <0.001 Intercept

552.703 23510 21.664 25.513

Wave -0.187 0.045 4.156 <0.001 Linear slope 0.288 0.536 0.455 0.633
BDI 0.840 0.036 23.310 <0.001 Correlation intercept — wave -0.126 -0.284 0.038
PSS 1.350 0.041 33.214 <0.001 Residual 125.879 11.220 10.985 11.459
Age -0.221  0.110  2.009 0.045 Autocorrelation 0.115 0.083  0.147

Wave * Age -0.001 0.004 0.247  0.805

Note. Model 1 (Deviance: 46583, AIC: 46589, BIC: 46609); Model 2 (Deviance: 46097, AIC: 46111, BIC: 46157); Model 3
(Deviance: 43591, AIC: 43609, BIC: 43668); Model 4 (Deviance: 43586, AIC: 43608, BIC: 43681).



Table 4. Fitted individual growth curve models for positive reappraisal.

Model Fixed effects Random effects
. Clys(SD)
Effect Coef. SE t p Effect Estimate  SD 1
ower upper
1
Intercept 10.057 0.225 44.624 <.001 Intercept 15.803 3.975 3.671 4.304
Residual 6.263  2.503 2.455 2.552
2
Intercept 10.243 0.206 49.702 0.000 Intercept 12.172  3.489 3.199 3.805
Wave -0.022 0.010 2.185 0.029 Linear slope 0.015 0.122 0.105 0.142
Correlation intercept — wave 0.345 0.155 0.510
Residual 5850 2.419 2368 2470
Autocorrelation 0.110 0.078 0.141
3
Intercept 10318 0.208 49.714 <0.001 Intercept 12.401 3.521 3.231 3.838
Wave -0.031 0.010 -3.156 0.002 Linear slope 0.015 0.121 0.104 0.141
BDI -0.032 0.008 -4.201 <0.001 Correlation intercept — wave 0.314 0.136 0.472
PSS -0.071 0.009 -8.255 <0.001 Residual 5.654 2378 2328 2428
Autocorrelation 0.105 0.074 0.137
4
Intercept 10.322  0.208 49.744 <0.001 Intercept 12.390 3.520 3.230 3.836
Wave -0.033 0.010 3.338 <0.001 Linear slope 0.014 0.119 0.102 0.139
BDI -0.032 0.008 4.242 <0.001 Correlation intercept — wave 0.330 0.151 0.488
PSS -0.071 0.009 8.270 <0.001 Residual 5.655 2378 2329 2428
Age -0.009 0.017 0.543  0.588 Autocorrelation 0.106 0.074 0.137

Wave * Age 0.002 0.001 2.338 0.019

Note. Model 1 (Deviance: 26861, AIC: 26867, BIC: 26887); Model 2 (Deviance: 26546, AIC: 26560, BIC: 26606); Model 3
(Deviance: 26386, AIC: 26404, BIC: 26463); Model 4 (Deviance: 26380, AIC: 26402, BIC: 26475).



Table 5. Fitted individual growth curve models for depressive symptom severity and perceived stress.

Model Fixed effects Random effects

Effect Coef. SE t )% Effect Estimate SD 1 Clos(SD)
ower  upper
Perceived stress
Model 1# Intercept 16.10 0.424 37.960 <.001 Intercept 56.021 7485 6912 8.105
Residual 21.6311 4.651 4562 4.741
Model 2° Intercept 16.731 0.420 39.794 <.001 Intercept 50.500 7.106  6.552 7.742
Wave -0.075 0.018 -4.186 <.001 Linear slope 0.036 0.190 0.155 0.233
Correlation intercept — wave 0.078 -0.094 0.246
Residual 20.997 4.582 4480 4.687
Autocorrelation 0.217 0.184 0.248
Depressive symptom severity
Model 1¢ Intercept 12.345 0.650 18.992 <.001 Intercept 133.140 11.539 10.665 12.484
Residual 28.205 5311 2509 5.414
Model 2¢ Intercept 13.428 0.644 20.854 <.001 Intercept 124.748 11.169 10.230 12.115
Wave -0.131 0.023 5.817 <.001 Linear slope 0.073 0.270  0.228 0.319
Correlation intercept — wave 0.025 -0.055 0.105
Residual 5.142 5.024 5.262
Autocorrelation 0.234 0.201  0.266

Note. Model 1=unconditional mean model; Model 2=unconditional linear growth model; 2 Deviance: 33678, AIC: 33684, BIC: 33704; ®
Deviance: 33283, AIC: 33297, BIC: 33343; ¢ Deviance: 35324, AIC: 35330, BIC: 35350; ¢ Deviance: 34754, AIC: 34768, BIC:34814.
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Supplement 1: Data quality requirements.

Following recommendations for research using crowdsourced samples (Chandler &
Shapiro, 2016), several steps were taken to ensure high data quality and power. Only MTurk
workers with a history of providing good-quality responses (i.e., an acceptance ratio of > 95%)
were allowed to participate. Moreover, three reading check questions were presented during the
surveys to discriminate attentive from inattentive MTurk workers. For example, one validation
question read: “Thank you for your work in this survey so far. To show that you are a human,
please refuse to answer this question: How many fingers does a typical person have on each hand?”.
Respondents were then given four response options (e.g., five, six, ten, and three) which they had
to leave blank. These questions were presented at irregular intervals and participants were required
to correctly answer at least two questions. Participants received a notification when they failed to
meet this criterion. Finally, in line with prior longitudinal studies in MTurk samples (Dejonckheere,
Bastian, Fried, Murphy, & Kuppens, 2017), an additional requirement for inclusion in the study
was that participants met criteria for compliance with the study protocol. It was decided that
participants had to complete at least four out of the twenty waves (i.e., 20%) of data collection.
With such data quality requirements, previous research has demonstrated that MTurk data are

comparable to those collected in the laboratory (Chandler & Shapiro, 2016).



Supplement 2: Questionnaire instructions.

All participants were instructed to complete the questionnaires in this study in reference to the past
week. This was to standardize the temporal orientation across all questionnaires and waves of data
collection. The precise instructions for each questionnaire are detailed below.

Repetitive negative thinking subscale of the Repetitive Thinking Questionnaire (McEvoy,
Mahoney, & Moulds, 2010): “Please answer the following questions in relation to distressing or
upsetting situations that happened to you last week (including today). How true are each of these
Statements with respect to your experience after the distressing or upsetting situations?”.

Positive reappraisal subscale of the Cognitive Emotion Regulation Questionnaire (Garnefski et al.,
2001): “Below is a list of statements that relate to things you might do when you experience
negative emotions or unpleasant events. Think about the unpleasant events that happened last week
and/or the negative emotions you had. Indicate how often you thought the following things during
the last week, including today.”.

Beck Depression Inventory — II (BDI-II; Beck et al., 1996): “Below are 21 groups of statements.
For each group, pick out the one statement that bests describes the way you have been feeling
during the past week, including today. If several statements seem to apply equally well, pick the
highest number for that group.”

Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983): “The following questions will ask
you about your feelings and thoughts during the past week, including today. Please indicate how

often you felt or thought a certain way.”



Supplement 3: Modeling the role of gender differences.

Prior research has reported gender differences in emotion regulation with women engaging more
in emotional support seeking, rumination, and positive self-talk (e.g., Tamres, Janicki, & Helgeson,
2002). To explore the role of gender differences in this study, gender was added as a Level-2
predictor of the random intercepts of Model 2 (see the analytical plan in the main manuscript). The
R outputs below indicate that no gender differences emerged in the use of repetitive negative
thinking or positive reappraisal in the present study. However, these findings should be interpreted
with caution because our study was not a priori designed to investigate gender differences, which

resulted in a skewed distribution.

Model 2 — Repetitive negative thinking

Random effects:
Formula: ~wave | id
Structure: General positive-definite, Log-Cholesky parametrization

StdDev Corr
(Intercept) 22.7246524 (Intr)
wave 0.7206525 -0.053

Residual 14.5860078

Correlation Structure: AR(1)
Formula: ~1 | id
Parameter estimate(s):
Phi
0.1996669
Fixed effects: RNT ~ wave + Gender
Correlation:
(Intr) wave
wave -0.122
Gender -0.843 0.005

Standardized Within-Group Residuals:

Min Q1 Med Q3 Max
-4.30916352 -0.50631192 -0.07112272 0.43457658 5.71850796
Approximate 95% confidence intervals

Fixed effects:

lower est. upper
(Intercept) 29.9721680 34.8693589 39.7665497
wave -0.5134793 -0.3937399 -0.2740005

Gender -1.4679328 4.2764372 10.0208071



attr(, "label")
[1] "Fixed effects:"

Random Effects:

Level: id
lower est. upper
sd((Intercept)) 20.8861929 22.72465243 24.72493823
sd(wave) 0.6116570 0.72065248 0.84907069

cor((Intercept),wave) -0.1600433 -0.05336794 0.05453956

Correlation structure:

lower est. upper
Phi 0.1670953 0.1996669 0.2318031
attr(, "label")
[1] "Correlation structure:"

Within-group standard error:
lower est. upper
14.26357 14.58601 14.91573

Model 2 — Positive reappraisal

Random effects:
Formula: ~wave | id
Structure: General positive-definite, Log-Cholesky parametrization
StdDev Corr
(Intercept) 3.4767266 (Intr)
wave 0.1221462 0.33
Residual 2.4187040

Correlation Structure: AR(1)
Formula: ~1 | id
Parameter estimate(s):
Phi
0.1097231
Fixed effects: CERQ ~ wave + Gender
Correlation:
(Intr) wave
wave 0.025
Gender -0.849 -0.007

Standardized Within-Group Residuals:

Min Q1 Med Q3 Max
-5.77955448 -0.45620221 0.06602534 0.51809991 5.16462366
Approximate 95% confidence intervals

Fixed effects:

lower est. upper
(Intercept) 9.04376361 9.80568784 10.567612073
wave -0.04117799 -0.02176298 -0.002347963
Gender -0.29384564 0.60650751 1.506860658

attr(,"label")
[1] "Fixed effects:"



Random Effects:

Level: id
lower est. upper
sd((Intercept)) 3.1882716 3.4767266 3.7912791
sd(wave) 0.1048318 0.1221462 0.1423204

cor((Intercept),wave) 0.1455164 0.3300134 0.4923290

Correlation structure:

lower est. upper
Phi 0.07812939 0.1097231 0.1410967
attr(,"label")
[1] "Correlation structure:"

Within-group standard error:
lower est. upper
2.368454 2.418704 2.470020



