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Abstract:

Introduction: Altered emotion dynamics may represent a transdiagnostic risk factor for mood
psychopathology. The present study examined whether altered emotion dynamics were
associated with bipolar and depressive psychopathology concurrently and at a three-year follow-
up. Methods: At baseline (n = 138), participants completed diagnostic interviews,
questionnaires, and seven days of experience sampling assessments. Four emotion dynamics
were computed for negative affect (NA) and positive affect (PA) — within-person variance
(variability), mean square of successive differences and probability of acute change (instability),
and autocorrelation (inertia). At the three-year follow-up, participants (n = 108) were re-assessed
via interviews and questionnaires. Results: NA variability was associated with bipolar spectrum
disorders at baseline and follow-up. NA instability predicted depressive symptoms and
hypomanic personality at baseline, and bipolar spectrum disorders at the follow-up. NA inertia
did not predict diagnoses or symptoms at either assessment. PA inertia predicted hyperthymic
temperament at baseline but not follow-up. Notably, NA variability and instability predicted the
development of new bipolar spectrum disorders at the follow-up. Limitations: Consistent with
the recruitment strategy and young age of the participants, only 50% had developed diagnosable
psychopathology by the time of the follow-up assessment. Conclusions: The present study
provided a unique demonstration that altered emotion dynamics differentially predicted bipolar
and depressive psychopathology concurrently and prospectively. Emotion dynamics are
important to both digital phenotyping and mobile-based interventions as emotional instability
offers a measurable risk factor that is identifiable prior to illness onset.

Keywords: Emotion dynamics | Instability | Bipolar | Depression | Experience sampling
methodology | Time series analysis

Article:

Davidson (2015) proposed that temporal dynamics of emotional responding reflect particular
chronometric parameters (e.g., rise time to peak and duration) following an affective
provocation. Davidson's affective chronometry and the modern-day study of emotion dynamics
posit that emotions represent dynamic and time-dependent phenomenon (Larsen et al.,

2009; Lewis, 2005; Scherer, 2009) that fluctuate as a result of internal and external events
(Fridja, 2007) and are distinct from mean levels of emotions (Eaton and Funder, 2001;
Kuppens et al., 2007; Larsen, 1987; Penner et al., 1994; Sperry and Kwapil, 2019). Emotion
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dynamics are proposed to precede and prospectively predict psychopathology and functioning
over-and-above mean levels (Kuppens et al., 2012; Neumann et al., 2011; van de Leemput et al.,
2014). In fact, emotion dynamics may play a key role in the development of psychopathology
and exert cumulative effects on psychological well-being (Wichers et al., 2015). Thus, the study
of emotion dynamics should further our understanding of basic emotional processing in mood
psychopathology and may also inform preventative interventions.

Emotional variability, instability, and inertia are emotion dynamics that are widely linked to
psychopathology. Variability represents the extent to which a persons emotions deviate away
from their core or baseline emotion. Thinking mathematically, high variability reflects a large
amplitude or standard deviation in emotional responses. Variability is captured by examining the
standard deviation, or within-person variance (WPV), of each persons individual emotion ratings
over the time-series (Eid and Diener, 1999; Jahng et al., 2008). Instability, as opposed to
variability, represents the extent to which emotions change or fluctuate from one moment to the
next. Mathematically, instability represents the amplitude, frequency, and temporal dependency
of fluctuations in a persons emotions (Jahng et al., 2008). Instability can be measured several
ways; however, the most common method of measurement is computing the mean square of
successive differences (MSSD) which provides a general index of moment-to-moment
fluctuations in emotion. However, it may be important to understand fluctuations in specific
emotions or directions of change. For example, in bipolar spectrum psychopathology, individuals
are more likely to engage in impulsive behaviors following an increase in negative (NA) and
positive affect (PA; Sperry et al., 2016). Thus, Probability of Acute Change (PAC) can be
calculated to examine whether an individual's instability is characterized by dramatic, or
statistically significant, increases in certain emotions (e.g., large increases in NA from one
moment to the next). In contrast to high variability and instability, some people experience inert
emotions. Specifically, their emotions are largely resistant to change (Thompson et al., 2012).
Alternatively, high levels of inertia can also reflect individuals who are emotionally reactive but
fail to down-regulate and return to their baseline affect (Koval et al., 2015). Inertia is best
measured as the autocorrelation (ACORR) of people's emotions from one moment to the next.

Despite advances in the modeling and computation of emotion dynamics, few studies have
examined the concurrent or prospective associations of altered variability, instability, and inertia
with psychopathology. A recent meta-analysis suggested that both major depressive disorder and
borderline personality disorder are characterized by altered emotion dynamics; however, little is
known about these processes in bipolar disorders (Houben et al., 2015). Understanding emotion
dynamics within dynamic conditions such as bipolar disorders and major depressive disorder is
essential for establishing digital phenotypes and the development of mobile or in-person
interventions for emotion dysregulation.

1. Bipolar spectrum disorders

Patients with bipolar disorders are described as having “chaotic” patterns of mood

(Gottschalk et al., 1995). Affective lability is present both as part of active episodes and during
times of symptom remission (Hofmann and Meyer, 2006), predicts poor functioning, and is
associated with the development of bipolar disorders (Angst et al., 2003; Hafeman et al.,

2017; Henry et al., 2008). Nevertheless, few studies have examined altered emotion dynamics in



the bipolar spectrum. Previous studies have largely examined broader shifts between mood
episodes, rather than moment-to-moment dynamics. For example, studies examining the
statistical patterns of depressive and manic symptoms over time reported that bipolar I disorder
was characterized by highly non-linear time-series (Bonsall et al., 2012; Cochran et al., 2016;
Steinacher and Wright, 2013). Specifically, weekly depression scores across 220 weeks were
highly variable and could not be predicted by the prior week's symptoms (Bonsall et al., 2012).
Furthermore, bipolar I disorder was associated with high variability (Tsanas et al., 2016), high
instability, and low levels of inertia of depressive and manic symptoms (Johnson and Nowak,
2002). Notably, instability of depressive symptoms in those with bipolar spectrum disorders was
associated with slower recovery from rewarding or frustrating events (Steinacher and Wright,
2013), suicidal ideation (Armey et al., 2015; Johnson and Nowak, 2002), lower likelihood of and
longer time until recovery (Stange et al., 2016), and negative biases in categorization and
memory (Bilderbeck et al., 2016). Furthermore, hidden Markov modeling identified a “mixed”
group of bipolar patients that experienced more temporally unstable mood and negative
outcomes (e.g., psychosis, substance use, rapid cycling; Prisciandaro et al., 2018). Importantly,
mood instability in both adults (Szmulewicz et al., 2019) and adolescents with bipolar spectrum
psychopathology predicts worse outcomes (O'Donnell et al., 2018).

Sperry and Kwapil (2019) examined short-term dynamics of moment-to-moment emotions (high
and low arousal NA and PA) associated with bipolar spectrum psychopathology over seven days.
Bipolar spectrum psychopathology, as measured by the Hypomanic Personality Scale (HPS;
Eckblad and Chapman, 1986), refers to a range of subclinical and clinical symptoms and
impairment associated with mania. Bipolar spectrum psychopathology was associated with high
variability and instability (both MSSD and PAC) of NA and PA. HPS scores were unassociated
with emotional inertia. Taken together, this suggests that bipolar spectrum disorders and
subclinical manifestations of bipolar spectrum psychopathology may be characterized by both
short and long-term altered emotion dynamics prior to the onset of the disorder and between
mood episodes.

2. Major depressive disorder

Major depressive disorder is characterized by high mean NA and low mean PA (e.g., Watson

et al., 1988). Thus, prior research on emotion dynamics has primarily reported that people with
major depressive disorder and those with elevated symptoms of depression show high levels of
NA and PA inertia (Houben et al., 2015; Koval et al., 2013; Kuppens et al., 2012). Importantly,
emotional inertia of both NA and PA predicted higher levels of rumination (Koval et al., 2012),
lower well-being (Houben et al., 2015), and the emergence of clinical depression two years later
(Kuppens et al., 2012). Recent studies also reported associations of high variability of NA and
PA in daily life with major depressive disorder and current depressive symptoms. Specifically,
studies indicated that depressive symptoms are associated with greater NA reactivity to positive
events (Thompson et al., 2012) and variability of NA and PA (Houben et al., 2015; Koval et al.,
2013; Thompson et al., 2017), indicating that people experiencing depressive symptoms may be
characterized by heightened reactivity of NA and subsequently fail to down-regulate their affect.
Furthermore, emotional variability in major depressive disorder has been linked with poor
treatment response and outcomes (Husen et al., 2016; Wichers et al., 2012). Note that major



depressive disorder generally is unassociated with instability of NA or PA (Ko6hling et al.,
2016; Koval et al., 2013).

3. Goals and hypotheses

Increasing evidence suggests that altered emotion dynamics represent a transdiagnostic risk
factor for mood psychopathology. However, patterns of emotion dynamics may be qualitatively
and quantitatively distinct across different forms of psychopathology. Few studies to date have
examined whether altered emotion dynamics uniquely predict continuous and categorical
measures of mood psychopathology concurrently or whether they predict symptoms and the
development of diagnoses over time. The study of both continuous and categorical measures of
psychopathology is important as modern research emphasizes a dimensional rather than
categorical approach to conceptualizing psychopathology (Forbes et al., 2016; Kotov et al.,
2017; Krueger and Piasecki, 2002; Lahey et al., 2017). Importantly, we aimed to capture the full
spectrum of bipolar spectrum psychopathology by assessing severe/clinically impairing bipolar
spectrum disorders as defined by the DSM-IV-TR (American Psychiatric Association, 2000),
subthreshold but impairing bipolar psychopathology as defined by Akiskal's broad bipolar
disorders (Akiskal, 2004), and the personality disposition of having hypomanic tendencies as
defined by the Hypomanic Personality Scale (HPS; Eckblad and Chapman, 1986) and the
Temperament Evaluation of Memphis, Pisa, Paris, and San Diego Autoquestionnaire (TEMPS-
A; Akiskal et al., 2005; Akiskal and Akiskal, 2005). Thus, the goals of the present study were to
examine the extent to which specific emotion dynamics differentially predict bipolar and
depressive psychopathology both concurrently and prospectively three-years later. Specifically,
we were interested in how the emotion dynamics of variability, instability, and inertia predicted
(1) categorical and continuous measures of bipolar and depressive psychopathology at baseline
and three-years later, and (2) development of new disorders at follow-up.

We hypothesized that variability and instability of NA and PA, but not inertia of NA or PA,
would be associated with DSM-IV-TR bipolar disorders (bipolar I disorder, bipolar II disorder,
cyclothymia, and bipolar not otherwise specified), Akiskal's broad bipolar diagnoses (bipolar II-
72, bipolar 111, bipolar IV, hyperthymic temperament), history of hypomanic episodes, and
continuous measures of bipolar spectrum psychopathology (HPS; TEMPS-A hyperthymic
temperament) both concurrently and three-years later. Furthermore, we predicted that instability
of NA and PA would predict development of new bipolar spectrum diagnoses. Based on the
extant literature, we predicted that variability and inertia of NA and PA would be associated
concurrently and three years later with major depressive episodes, major depressive disorder, and
continuous measures of depressive symptoms. Furthermore, we predicted that emotional inertia
would specifically be associated with the development of major depressive diagnoses at the
three-year follow-up.

4. Methods
4.1. Participants

4.1.1. Baseline assessment



Participants in the study were drawn from a longitudinal investigation of bipolar spectrum
psychopathology. All participants completed a baseline assessment (Walsh et al., 2013, 2012a,
2012b). Participants were recruited through mass-screening in introductory psychology courses.
Participants who scored at least 1.5 SD above the mean on the HPS and a comparable number
who scored less than 1.5 SD above the mean were invited to participate. This recruitment
strategy ensured a continuous distribution of scores on the HPS that was enriched with high
scorers. Of the 147 participants who completed the baseline assessment, 138 had usable ESM
data. Two participants were dropped from the study due to invalid HPS protocols and seven were
omitted from analyses due to a insufficient number of completed ESM questionnaires (<15
completed surveys). Demographic characteristics of the baseline and follow-up samples are

reported in Table 1.

Table 1. Demographics.

[Baseline Assessment Criteria

Baseline Assessment (7 =138)

Follow-up (n=108)

\Symptom Ratings (M, SD)
HPS score

19.81 (10.15)

5.89 (3.86)

Hyperthymic temperament 5.61 (3.49)

Beck Depression Inventory 4.33 (5.75) -

Brief Symptom Inventory - Depression - 0.45 (0.61)
Global Assessment of Functioning 75.97 (12.62) 73.90 (11.54)
\Demographics

|Age (M, SD) 19.50 (2.34) 22.61 (2.61)
Years of Education (M, SD) 12.35(0.78) 15.30 (0.94)
% Female 69 68

% White/Caucasian 67 65

% Black/African American 16 18

% Asian 4 5

% Hispanic 4 5

% Other 4 4

% Unspecified 5 5

Table 2. Diagnoses by assessment.

Diagnostic Status at Baseline

Diagnostic Status at Follow-up

Baseline Diagnostic Status All participants Participants Participants New cases at follow-
(n=138) reassessed (n =108) reassessed (n=108) up

[DSM Bipolar Disorders 15 (10.9%) 12 (11.1%) 12 (11.1%) 0

Broad Bipolar Disorders 22 (15.8%) 18 (16.7%) 17 (15.7%) 4

Hypomania 14 (10.1%) 11 (10.2%) 14 (13%) 3

Major Depressive Episode 42 (30.4%) 36 (33.3%) 48 (44.4%) 10

Major Depressive Disorder 28 (20.3%) 24 (22.2%) 24 (22.2%) 7

New cases at follow-up represents new cases for those of which had no history of any diagnosis at baseline. Thus,
new cases at follow-up does not add up to the difference between diagnostic status at follow-up and diagnostic status

at baseline.

4.1.2. Follow-up assessment

A total of 112 participants (77% of original sample) were reassessed 3.1 years later (SD =0.5
years; Range = 1.7 — 4.8 years). See Walsh et al. (2015) for details regarding participants lost to
attrition. Of those participants who had usable ESM data at baseline (>15 surveys completed),
108 completed the follow-up assessment. Both assessments were approved by the university
institutional review board. Participants provided informed consent at each assessment. They




received course credit for the baseline assessment and were paid for participation at the follow-
up. Diagnostic status at the baseline assessment, follow-up, and development of new diagnoses
are presented in Table 2.

4.2. Materials and procedures
4.2.1. Mass-screening questionnaires

Approximately 1,200 college students completed the HPS intermixed with a 13-item infrequency
scale (Chapman & Chapman, 1983) in mass screenings. Coefficient a for the HPS was 0.92.
Participants who endorsed more than two infrequency items were not considered for the study.

4.2.2. Structured interview

The interview at the baseline assessment assessed DSM-IV-TR mood disorders and broader
bipolar spectrum disorders (see Walsh et al., 2015, 2012a, 2012b for complete list of interview
measures). Interviews were conducted by two advanced psychology graduate students under the
supervision of a licensed psychologist. One-fifth of the interviews were double rated to assess
interrater reliability. The Structured Clinical Interview for the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (SCID-I; First et al., 1996) was used to assess current and
past mood disorders. Broader bipolar spectrum disorders were diagnosed using the criteria

from Akiskal (2004): the SCID-I Interview was used to determine diagnoses of bipolar II 2
(major depression superimposed on cyclothymic temperament) and III (major depression plus
hypomania secondary to medication or somatic treatment) disorders, and interview ratings of
hyperthymic temperament were used to determine diagnoses of bipolar IV disorder (major
depression superimposed on hyperthymic temperament).

The same interview protocol was used at the follow-up to assess DSM-IV-TR mood disorders
and bipolar spectrum disorders. Interviews were conducted by an advanced graduate student, a
licensed clinical psychologist, and an extensively trained undergraduate researcher. The
interviews at both assessments were audio recorded and typically lasted 90 to 120 min.

4.2.3. Continuous measures of psychopathology

At the baseline assessment, participants completed self-report questionnaires. The HPS was re-
administered at the baseline assessment to examine stability from mass-screening to the time of
the baseline assessment. HPS scores correlated highly across the two time points

(ICC=0.85, p <0.001); therefore, mean HPS scores were used for all analyses. The HPS was
not re-administered at the follow-up. The Beck Depression Inventory (BDI; Beck et al., 1961)
was used to assess current depressive symptoms. The 50-item Temperament Evaluation of
Memphis, Pisa, Paris, and San Diego Autoquestionnaire (TEMPS-A; Akiskal et al., 2005;
Akiskal and Akiskal, 2005) provided a continuous rating of hyperthymic temperament. At the
follow-up, the Brief Symptom Inventory Depression Index (Derogatis, 1993) was used to assess
current depressive symptoms. The TEMPS-A was also re-administered at the follow-up
assessment.



4.2.4. ESM questionnaire

The ESM questionnaire was designed to assess experiences relevant to bipolar spectrum
psychopathology. After the interview at the baseline assessment, participants received a personal
digital assistant (PDA) and were instructed on ESM procedures. ESM questionnaires were
delivered eight times daily between noon and midnight for seven days. PDAs administered the
questionnaires, time stamped, and recorded responses. Participants had three minutes to initiate a
response. Two primary indices were computed and used for the present study, NA (irritable, sad,
worried, angy) and PA (happy, enthusiastic, energetic). Internal consistency reliability was
calculated using multilevel confirmatory factor analysis (Geldhof et al., 2014). The NA index
showed good within-person reliability (o = 0.74) and excellent between-person reliability (o=
0.93). The PA index showed good within-person reliability (o =0.70) and excellent between-
person reliability (o =0.92).

4.3. Computation of emotion dynamics

Emotion dynamics can be modeled across many timescales (moment-to-moment, day-to-day,
week-to-week, etc.). The present study modeled emotion dynamics from moment-to-moment
rather than day-to-day or week-to-week. Measurements of moment-to-moment dynamics,
however, were aggregated across days. Note that in order to capture moment-to-moment
dynamics within-days we did not calculate successive differences from the last beep of the prior
day and the first beep of the following day. Emotion dynamic indices for variability, instability,
and inertia (WPV, MSSD, PAC and ACORR) were computed in RStudio (Version 1.1.456) as
follows:

4.3.1. Within person variance (WPV)

WPV was computed as the standard deviation of each participant's PA and NA ratings (Eid and
Diener, 1999; Jahng et al., 2008) across questionnaires. Each participant was assigned one WPV
value for NA (WPVna) and PA (WPVpa).

4.3.2. Mean square of successive differences (MSSD)

First, separate lag variables (time; and time;+;) were created for NA, PA, and time ESM
questionnaires were completed. This allowed for the computation of a variable, time between
ESM questionnaires that is necessary for the computation of MSSD. Second, we calculated
successive differences between emotions at time; and time;+; separately for NA and PA. Based
on Jahng et al. (2008), we adjusted each successive difference to account for unevenly spaced
time by dividing it by [(t;+1 — t;)/Mdn(t;+; —t;)]* where Mdn(t;+;-t;) is the median of the time
intervals for each i for each participant. One Lambda (L) value was chosen to make successive
difference as constant as possible for all participants. Then, adjusted successive differences were
square and used in the equation for calculating MSSD for each participant as defined in Eq. (1):

1 N-1 , (1)
MSSD = mZ(xiﬂ —x;)
L=



Higher MSSD values represent more emotional instability. Each participant has one MSSD value
for NA (MSSDna) and PA (MSSDpa).

4.3.3. Probability of acute change (PAC)

PAC was computed as the number of acute changes divided by the total changes across all ESM
occasions for each participant (Jahng et al., 2008). First, we standardized the successive
differences across the sample. Second, we assessed whether successive differences represented a
meaningful increase. Following Jahng et al. (2008), Trull et al. (2008), and Sperry &

Kwapil (2019), we selected acute cutoff (AC) values of the 90th percentile for the sample. PAC
was computed as the proportion of changes that were acute increases for each participant. Higher
PAC scores represent higher levels of acute instability. Each participant has one value of PAC
for NA (PACna) and PA (PACpa).

4.3.4. Autocorrelation (ACORR)

Autocorrelation is used to assess emotional inertia (Jahng et al., 2008; Kuppens et al., 2010).
Autocorrelation coefficients, or ACORR(%), in which /4 represents the time lag between signals,
were computed with a lag of one (e.g., examining the extent to which NA at time ¢ is correlated
with NA at time ¢ + /). High values of ACORR represent resistance to change or inertia (high
temporal dependency), whereas low scores indicate low temporal dependency. ACORR(1)
values were computed using the auto-covariance/correlation function estimation of the Sapply
package (Venables and Ripley, 2002) in R. Each participant has one value of ACORR for NA
(ACORRNa) and PA (ACORRpa).

Data from the first ESM protocol of each day was not included in the computation of MSSD and
ACORR so that indices did not include differences between the last protocol of the prior day and
the first protocol of the following day. In instances of missing data, successive differences were
not calculated and were viewed as missing. We also examined the extent to which number of
missing surveys was correlated with any predictor or outcome variables in the study. Number of
missing ESM surveys was unassociated with all continuous and categorical measures with the
excpection of the HPS (r=—0.28, p =.01). Note that data, R code, and templates are provided

at: https://osf.i0/x59rh/?view _only=80481c6b8cb74d37aaa3211414979¢09

5. Results

In order to examine the association of emotion dynamics and bipolar and depressive
psychopathology, binary logistic regression was computed for dichotomous measures (e.g., DSM
bipolar diagnosis) and linear regression was used for continuous measures (e.g., HPS). In order
to examine whether emotion dynamics predicted the development of new diagnoses at the
follow-up, we calculated the number of new disorders in those who had no diagnosis at the
baseline assessment (n = 59; see Table 2). Thus, these analyses examined whether emotion
dynamics at the baseline assessment predicted the development of new cases three years later in
initially non-diagnosed participants. Note that for all analyses predicting follow-up
psychopathology, we re-ran analyses controlling for baseline mood psychopathology.



6. Variability of emotions and psychopathology

In terms of categorical diagnoses, WPVna was assocated with broad bipolar disorders at the
baseline assessment and predicted DSM-IV-TR bipolar disorders and hypomania at the follow-
up (Table 3). However, WPVna was no longer associated with DSM bipolar disorders at the
follow-up when controlling for these diagnoses at baseline (OR =1.75, 95%CI [.80,

3.83], p=.16). WPVpa was associated with a history of hypomania at baseline but did not
predict any diagnoses at the follow-up (Table 4). In terms of continuous measures of
psychopathology, WPVna was associated with hypomanic personality and depression at the
baseline assessment and predicted hyperthymic temperament at the follow-up (Table 5).
However, WPVna no longer predicted hyperthymic temperament at the follow-up after
controlling for baseline hyperthymic temperament (t(87) = 0.89, p =.38). WPVpa was
unassociated with continuous measures of mood psychopathology at both baseline and follow-up
(Table 6). Neither WPVna nor WPVpa predicted the development of new disorders at the follow-
up (Table 7).

Table 3. Association of NA emotion dynamics and categorical outcomes at baseline and follow-

up.
WPVna MSSDn~a PACna
Baseline Follow-up Baseline Follow-up Baseline Follow-up
(n=138) (n=108) (n=138) (n=108) (n=138) (n=108)
Outcome  OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]
DSM BD 1.64[.95,2.83] 2.07[1.12,3.831* 1.16[.71,1.89] 1.45[.91,2.32] 1.29[.77,2.17] 1.50[.85,2.67]

MDE
MDD

Broad BD 1.63[1.02, 2.61]*
Hypomania 1.63 [.93, 2.85]

1.21 .84, 1.74]
1.03 [.68, 1.56]

1.44 .87, 2.38]
1.89 [1.07, 3.33]*
1.34 .92, 1.96]
87 .56, 1.36]

1.17[.77, 1.78]
1.15 .69, 1.91]
1.37 [.96, 1.96]
1.36 [.93, 2.00]

1.54[1.00, 2.38]*
1.41 .90, 2.21]
1.39 [.94, 2.04]
88 [.55, 1.40]

1.13[.72, 1.77]
1.30 [.76, 2.21]
1.25 .86, 1.80]
1.36 [.91, 2.04]

1.75 [1.05, 2.92]*
1.54 .90, 2.65]
1.08 [.74, 1.58]
72 [44, 1.17]

Note. DSM_BD = DSM Bipolar Disorder, Broad BD = Broad Bipolar Disorders, MDE = Major Depressive
Episode, MDD = Major Depressive Disorder.
*p <. 05 **p <.01 **p <.001.

Table 4. Association of PA emotion dynamics and categorical outcomes at baseline and follow-

up.
WPVpa MSSDrpa PACra

Baseline Follow-up Baseline Follow-up Baseline Follow-up

(n=138) (n=108) (n=138) (n=108) (n=138) (n=108)
Outcome  OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]
DSM BD 1.55[.92,2.61] 1.61[.89,2.92] 1.34[.84,2.12] 1.71[.99,2.96] 1.00[.58,1.71] 1.15[.62,2.11]
Broad BD 1.25[.80,1.96] 1.20[.71,2.01] 1.28[.85,1.93] 1.91[1.14,3.18]* 1.15[.74,1.78] 1.87[1.11, 3.15]*
Hypomanial.75 [1.03, 2.991* 1.42[.81,2.48] 1.29[.80,2.09] 1.52[.89,2.58] .82[.45,1.51] 95 1[.52, 1.74]
MDE 1.07[.74,1.53] 1.26[.85,1.87] 1.24[.87,1.76]* 1.67[1.05,2.68]* 1.08[.75,1.54] 1.27[.84,1.91]
MDD 1.09[.72,1.65]  .85[.53,1.37] 1.25[.85,1.83] .63[.34,1.19] .92 [.60, 1.41] .70 [.41, 1.20]

Note. DSM_BD =DSM Bipolar Disorder, Broad BD = Broad Bipolar Disorders, MDE = Major Depressive
Episode, MDD = Major Depressive Disorder.
*p <.05 **p <.01 ***p <.001.



Table 5. Association of NA emotion dynamics and continuous outcomes at baseline and follow-

up.
WPVna MSSDna PACna
Baseline Follow-up Baseline Follow-up Baseline Follow-up
(n=138) (n=108) (n=138) (n=108) (n=138) (n=108)
Outcome B p i p i i
Hypomanic Personality 35 - 22 - 20 -
Hyperthymic .16 22% A1 20% 24% 19*
Temperament
IDepression A 11 .18* .02 17* .05

*p <.05 **p <.01 **p <.001.

Table 6. Association of PA emotion dynamics and continuous outcomes at baseline and follow-

up.
WPVea MSSDra PACra
Baseline Follow-up Baseline Follow-up Baseline Follow-up
(n=138) (n=108) (n=138) (n=108) (n=138) (n=108)
Outcome B B B p p p
Hypomanic Personality A1 - 21%* - 20% -
Hyperthymic Temperament .01 .14 .07 .19%* .16 19*
Depression .01 —0.04 A1 .03 .00 .05

*p <.05 **p <.01 **p <.001.

Table 7. Association of emotion dynamics with new diagnoses three years later.

WPV MSSD PAC ACORR

OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]
Negative Affect
DSM_BD 1.46 [.54, 3.93] 1.58 [.79, 3.14] 1.57[.63,3.94] 36 [.10, 1.27]
Broad BD 1.80[.93, 3.48] 2.06 [1.23, 3.45] 2.45[1.29, 4.66]* .581[.28, 1.18]
Hypomania 1.65[.53,5.19] 1.81[.88, 3.71] 1.85[.65, 5.28] .34 [.08, 1.48]
MDE 1.13[.63,2.04] 95 (.51, 1.76] 75 1.39, 1.43] .90 [.49, 1.65]
MDD 93 [.51, 1.86] .86 [.41,1.76] .56 [.25, 1.22] 83 [.43, 1.60]
Positive Affect
DSM BD 1.25[.48,3.24] 1.44 [.66, 3.12] 1.00 [.58, 1.71] 34 1[.11,1.03]
Broad BD 1.55[.84,2.84] 1.85[1.13, 3.04]* 1.73 [1.00, 3.01] .94 [.49, 1.79]
Hypomania .92 [.29,2.96] 1.46 [.61, 3.50] 1.06 [.35, 3.23] 11 1.02,0.777*
MDE 1.49[.85,2.63] 1.37[.83,2.25] 1.30 [.76, 2.24] 1.16 [.64,2.13]
MDD .89 [.46, 1.72] .78 .37, 1.69] .87 [44, 1.73] 1.36 [.70, 2.67]

Note. DSM_BD = DSM Bipolar Disorder, Broad BD = Broad Bipolar Disorders, MDE = Major Depressive
Episode, MDD = Major Depressive Disorder.
*p <.05 **p <.01 **p <.001.

7. Instability of emotions and psychopathology

MSSDna was unassociated with bipolar or depressive diagnoses at the baseline assessment, but
predicted broad bipolar disorders at the follow-up (Table 3). This remained true after accounting
for diagnoses at baseline (OR = 1.54, 95%CI [.99, 2.41], p <. 05). A similar pattern emerged for
MSSDpa (Table 4). MSSDpa was associated with broad bipolar diagnoses and a history of major
depressive episodes at the follow-up, even after controlling for baseline broad bipolar disorders
(OR =1.84, 95%CI [1.06, 3.19], p <. 05). The association of MSSDpa and major depressive
episodes at follow-up was no longer significant after controlling for baseline major depressive
episodes (OR =2.12, 95%CI [.99, 4.55], p =.05). In terms of continuous measures, MSSDna was



associated with hypomanic personality and depressive symptoms at baseline and hyperthymic
temperament at the follow-up (Table 5). The association with hyperthymic temperament was no
longer significant after accounting for baseline hyperthymic temperament (t(87) =0.69, p = .49).
MSSDpa was associated with hypomanic personality at baseline and hyperthymic temperament
at the follow-up (Table 6). Similarly, this association was no longer significant after accounting
for baseline hyperthymic temperament, (t(87) = 1.35, p =.18). Importantly, MSSD at baseline
predicted the development of several diagnoses at the follow-up (Table 7) in participants without
diagnoses at the baseline assessment. Both MSSDna and MSSDpa predicted the development of
broad bipolar disorders after three-years.

PACna was unassociated with baseline mood diagnoses, but was associated with broad bipolar
disorders at the follow-up (Table 3). This remained significant after accounting for diagnostic
status at baseline (OR =1.81, 95%CI [1.05, 3.13], p <0.05). PACpa also continued to predict
broad bipolar disorders three-years later (Table 4) after controlling for diagnostic status at
baseline (OR =1.87, 95%CI [1.07, 3.29], p < 0.05). Similar to MSSD, PACna was associated
with hypomanic personality, hyperthymic temperament, and depressive symptoms at baseline
and predicted hyperthymic temperament at the follow-up (Table 5). After controlling for baseline
hyperthymic temperament, PACna was no longer associated with hyperthymic temperament
three-years later (t(87) =0.62, p =.54). PACpa predicted hypomanic personality at baseline and
hyperthymic temperament at the follow-up (Table 6). Again, this association was no longer
significant after accounting for baseline hyperthymic temperament (t(87) =0.49, p =.63).
PACna predicted the development of new broad bipolar disorders at the follow-up (Table 7).
PACpra did not predict the development of new diagnoses.

8. Inertia of emotions and psychopathology

Values of ACORR were largely unassociated with continuous and categorical measures of
psychopathology or the development of new disorders (Table 7). The only significant finding
was that lower levels of ACORRpa predicted increased hyperthymic temperament at the follow-
up. This was no longer significant after accounting for baseline hyperthymic temperament. All
results for ACORR can be found in Supplemental Table 1.

9. Post-hoc analyses

Recent research has highlighted the importance of understanding whether different indices of
emotion dynamics provide unique information or are largely

redundant. Dejonckheere et al. (2019) found that although some emotion dynamic indices
provide unique predictive information, many dynamics are highly correlated and no longer
predict psychological well-being after accounting for one-another as well as mean levels of NA
and PA. Given these new findings, we ran several additional analyses. First, we report the
correlation of all the NA and PA emotion dynamics, as well as mean NA and PA (Supplemental
Table 2). Second, we re-ran all analyses entering in mean NA and PA, WPV, MSSD, PAC, and
ACORR simultaneously to predict mood outcomes (see supplemental tables 3 — 6). In general,
findings were difficult to interpret given the high multicollinearity between dynamic indices
(e.g., several suppression effects were observed). For example, hypomanic personality was
positively correlated with MSSD when MSSD was the sole predictor and negatively correlated



when emotion dynamics were entered as simultaneous predictors. However, in general, WPV
became the most robust predictor of mood psychopathology over-and-above other emotion
dynamics and mean levels.

10. Discussion

Modern approaches to the study of emotion suggest that the time-dependent fluctuations and
patterns of emotional responding provide important information about intraindividual reactivity
to one's environment. Altered emotion dynamics in daily life have been implicated in several
forms of psychopathology (see Houben et al., 2015); however, few studies have examined
associations between these processes and psychopathology cross-sectionally or longitudinally.
The present study provided a unique examination of the extent to which specific emotion
dynamics at a baseline assessment were differentially associated with bipolar and depressive
psychopathology concurrently and three years later.

11. Bipolar spectrum psychopathology

Consistent with our hypotheses, bipolar spectrum psychopathology was associated both
concurrently and prospectively with variability, instability, and probability of acute increases in
NA and PA. Emotion dynamics were most robustly associated with broad bipolar disorder
diagnoses and hypomanic personality. These findings indicate that broader bipolar phenotypes
with more persistent courses (e.g., hyperthymic temperament, bipolar II 2) may be characterized
by more moment-to-moment affective lability than more episodic courses (e.g., bipolar I
disorder, bipolar II disorder). Note that variability of NA was the only emotion dynamic that
predicted DSM bipolar diagnoses. It is unclear whether the lack of associations with DSM
bipolar diagnoses was due to absence of association or lack of power as only 12 participants
[11% of the sample] were diagnosed with a DSM bipolar disorder (which was not surprising
given the young age of the sample and the fact that it contained participants who scored across
the entire range on our measure of risk for bipolar psychopathology). Nevertheless, the finding of
associations of emotion dynamics with bipolar symptoms and disorders in a non-clinically
ascertained sample demonstrates that these dynamics are identifiable in non-disordered
individuals and relevant to the development of such disorders. Notably, the present findings
directly replicated those of Sperry & Kwapil (2019) that HPS scores were associated with
WPVNA, MSSDNA and MSSDPA, and PACNA and PACPA.

Not only did variability and instability of NA and PA predict bipolar psychopathology at
baseline and the three-year follow-up, these dynamics predicted development of new broad
bipolar diagnoses. These findings are especially promising as a) emotional instability may be a
unique risk factor for the development of bipolar spectrum psychopathology and b) real-world
momentary assessments of emotions are associated with symptoms and impairment three-years
later. Taken together, this suggests that assessment of emotional instability may facilitate
identification of individuals at risk for bipolar disorders and provide a prophylactic treatment
target that can be easily monitored using electronic devices.

12. Major depressive disorder and depressive symptoms



Major depressive disorder has traditionally been characterized by high levels of NA and low
levels of PA (Watson et al., 1988). Furthermore, major depressive disorder and depressive
symptoms are characterized by emotional inertia. In other words, people with depression
experience fewer changes in their emotions from moment-to-moment. In contrast, recent studies
have suggested that major depressive disorder is also associated with variability (Wichers et al.,
2010) and instability (Thompson et al., 2012). This seems counter-intuitive given depression's
strong association with emotional inertia. However, Koval et al. (2013) highlighted a potential
mis-interpretation of these findings. First, studies that use WPV to calculate variability are not
sufficient to determine whether a particular time-series is characterized by instability, as WPV
only reflects experiencing a large range of emotion, not necessarily instability. Thus, studies
need to examine MSSD, a measure of temporal dependency, to determine if this population truly
experiences unstable emotions (e.g., Thompson et al., 2012). Second, in order to elucidate these
paradoxical results, Koval et al. (2013) examined both short-term (seconds) and longer-term
(hours) emotion dynamics as they related to depressive symptoms. When controlling for the
statistical dependency within measures, depressive symptoms were solely associated with inertia
in the lab, whereas in daily ESM data, depressive symptoms were solely associated with
variability. This indicates that when looking in daily life on the scale of hours, depressive
symptoms are related to more variability (larger SD) of NA, but not inertia.

In the present study, we found that altered emotion dynamics were unassociated with major
depressive disorder and major depressive episodes either concurrently or prospectively.
However, continuous measures of depressive symptoms were associated with variability and
instability of NA and a higher probability of large increases in NA. Those experiencing
depressive symptoms were characterized by a large overall range of NA (variability) that
typically changed moment-to-moment (instability). Taken together this suggests that depressive
symptoms were associated with moment-to-moment lability in terms of NA in a non-clinically
ascertained sample. Contrary to previous findings, depressive symptoms and diagnoses were
unassociated with emotional inertia. However, given the timescale that we used to sample
emotions (hours over days), our findings are consistent

with Koval et al. (2013) and Thompson et al. (2012) who found no differences between
depressed and healthy participants in terms of inertia in daily life. These results highlight the
importance of considering timescale in the measurement of emotion dynamics (Ebner-
Priemer and Sawitzki, 2007; Hollenstein, 2015).

13. Implications

This is the first study to our knowledge that examines both the concurrent and prospective
prediction of symptoms and diagnoses by measures of emotion dynamics. Notably, daily life
measures of emotion dynamics predicted symptoms and diagnoses three years later. These
findings indicate, particularly for bipolar spectrum disorders, that emotional instability may be a
measurable risk factor that is identifiable prior to illness onset or reccurence. However, in many
cases, these associations were no longer significant after accounting for diagnostic status or
symptom severity at baseline. This was mostly true for findings regarding hyperthymic
temperament. Notably, in many cases, psychopathology was unassociated with hyperthymic
temperament at the baseline assessment, so it may still be worthwhile to interpret initial findings
without controlling for baseline hyperthymic temperament.



Recently, researchers have called into question whether measuring multiple emotion dynamics is
necessary, or whether specific emotion dynamic indices provide unique predictive validity over
mean levels or variability. Following Dejonckheere et al. (2019), we re-ran all analyses with
mean levels and each emotion dynamic entered simultaneously. As mentioned, these findings
were difficult to interpret given high multicollinearity between predictors. Furthermore, it is
unclear, after partialling all other dynamics, what is “left over” when examining the relationship
between a specific emotion dynamic and mood psychopathology (see Lynam et al., 2006).
Interestingly, WPV was the most robust concurrent predictor of bipolar spectrum
psychopathology over-and-above both mean levels and other dynamics whereas mean levels
were the most robust predictor of depressive symptoms. This was true for both NA and

PA. Dejonckheere et al. (2019) found similar patterns in which mean NA was the most robust
predictor of depressive psychopathology and WPV of NA was the most robust predictor of
borderline personality disorder. These findings potentially suggest that for those high in bipolar
spectrum psychopathology, the range in intensity of emotions experienced is more problematic
than having deviations away from core emotion on a moment-to-moment basis, although this
should be interpreted with caution.

Two recommendations are offered based on the present findings. First, phone-based apps that
aim to characterize psychopathology and etiology should specifically examine moment-to-
moment fluctuations in NA and PA in addition to mood (mania and depression) symptoms.
Although passive ambulatory data collection is less burdensome, accurate self-reports of
emotions require the use of active data collection. Thus, efforts to characterize emotional
instability in bipolar spectrum disorders and major depressive disorder should use both active
and passive data collection. Second, phone-based interventions for bipolar spectrum disorders
should specifically aim to use evidenced-based principles to target emotion dysregulation (e.g.,
Dialectical Behavior Therapy) when individuals are experiencing altered emotion dynamics even

outside the context of mood episodes (see Wright et al., 2018 for a good example of such an
effort).

These findings provide further support for a model of bipolar spectrum psychopathology in
which both subsyndromal and clinical manifestations are associated with symptoms and
impairment in daily life. In this study, we used well-validated measures including DSM-IV-TR
bipolar diagnoses, Akiskal's broad bipolar disorders, and personality-based measurues of bipolar
spectrum psychopathology to capture this spectrum. However, DSM and Akiskal's disorders are
categorical in nature, potentially limiting our ability to capture an inherently continuous
phenomenon (Ahmed et al., 2011; Prisciandaro and Tolliver, 2015). Thus, the importance of
developing continuous measurement systems for bipolar spectrum psychopathology will be
essential for understanding the full bipolar phenotype.

14. Limitations

The present study relied on previously collected data that did not have the original goal of
examining emotion dynamics. Given this, the NA and PA indices developed from the ESM
questionnaire had less coverage of the full affective circumplex than desired (e.g., both high and
low arousal NA and PA). Studies of emotion dynamics should examine both levels of valence



and arousal as differences may exist across forms of psychopathology in terms of valence-
arousal disruptions (Sperry and Kwapil, 2019). Furthermore, the present study's primary goal
was to examine the expression, identification, and development of bipolar spectrum
psychopathology in a non-clinical sample in a relatively young sample. Given this, the sample
was limited in the number of participants who had thus far developed bipolar disorders. Future
studies interested in examining differential patterns of emotion dynamics as they relate to
multiple forms of psychopathology should recruit samples that have a) a range of symptoms and
impairment across forms of psychopathology and b) high numbers of those experiencing clinical
levels of psychopathology. This will enable further investigations into whether alterations in
emotion dynamics quantitatively and qualitatively differs depending on severity of bipolar
spectrum psychopathology.

Given the ESM questionnaire and procedures, the present findings highlight

dynamics within emotional valence categories (NA vs. PA). It is likely also interesting to
examine the extent to which individuals experience biphasic fluctuations in daily life (PA to NA
and vis versa). Thus, future research should examine a) the extent to which individuals on the
bipolar spectrum experience NA and PA as bipolar or interdependent (see Russell and

Caroll, 1999; Dejonckheere et al., 2018) and b) whether individuals experience lability in terms
of biphasic shifts between NA and PA.

15. Conclusion

Altered emotion dynamics may represent a transdiagnostic risk factor for mood symptoms and
impairment. However, the present study indicated that differential patterns of emotion dynamics
may be associated with unique forms of psychopathology. Major depressive disorder and
depressive symptoms seem to be associated with emotional lability in the context of NA.
Furthermore, bipolar spectrum psychopathology was robustly associated with variability,
instability, and a probability of acute increases in NA and PA both concurrently, longitudinally,
and with the development of new disorders. The modeling of emotion dynamics in
psychopathology is a promising method for characterizing real-world emotional processing, can
be done using personal smartphones, and offers an important target for intervention, especially in
bipolar spectrum disorders.
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