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There has been increasing recognition that classically deﬁned psychiatric disorders cluster hierarchically. However, the degree to which this hierarchical taxonomy manifests in the distribution of one’s
daily affective experience is unknown. In 462 young adults, we assessed psychiatric symptoms across
internalizing and externalizing disorders and then used cell-phone-based ecological momentary assessment (EMA) to assess the distribution (mean, standard deviation, skew, kurtosis) of one’s positive and
negative affect over 3–4 months. Psychiatric symptoms were modeled using a higher-order factor model
that estimated internalizing and externalizing spectra as well as speciﬁc disorders. Individualized factor
loadings were extracted, and path models assessed associations between spectra and syndromes, and
daily affect. Internalizing and externalizing spectra displayed broad differences in the distribution of
affective experiences, while within the internalizing spectrum, syndromes loading onto fear and distress
subfactors were associated with distinct patterns of affective experiences.
General Scientific Summary
Psychiatric syndromes cluster hierarchically, but how they manifest in daily emotional experiences
is unknown. Combining experience sampling of emotion with assessment of a range of psychiatric
symptoms, we demonstrate that unique features of the distribution of daily emotional experience
predicts individual differences in psychiatric syndromes. Identifying affect–syndrome links will aid
in mapping nosology as well as in treatment selection.
Keywords: ecological momentary assessment, HiTOP, emotion, affective dynamics, internalizing
Supplemental materials: https://doi.org/10.1037/abn0000670.supp

Decades of research on current psychiatric classiﬁcations,
including the International Classiﬁcation of Diseases (World
Health Organization, 2018) and the Diagnostic and Statistical
Manual of Mental Disorders (American Psychiatric Association,
2013), indicates that comorbidity of psychiatric diagnoses is the
rule rather than the exception (Hankin et al., 2016). Comorbidity
is present at both diagnostic and criterion levels due to overlapping
and nonspeciﬁc symptoms across diagnoses (Jacobi et al., 2004;
Kessler et al., 2005). In conjunction with low diagnostic reliability
(Chmielewski et al., 2015) and heterogeneity within diagnostic
categories, the clinical utility and construct validity of the estab-

lished psychiatric nosology is questionable (Angold et al., 1999;
Krueger & Markon, 2006; Zachar, 2009).
The concerns about the prevailing psychiatric classiﬁcation
systems have led efforts to identify better nosologies using
data-driven approaches. These analyses support the existence of
higher-order latent factors that capture common variance across
internalizing and externalizing disorders, referred to as spectra
(Achenbach, 1966; Caspi et al., 2014; Lahey et al., 2012). This
nosology, captured by the Hierarchical Taxonomy of Psychopathology (HiTOP; Kotov et al., 2017), is organized hierarchically
with spectra (e.g., internalizing, externalizing) at, or near the top,
with subfactors (e.g., fear, distress, substance use) and syndromes/
disorders (e.g., generalized anxiety, social anxiety, bipolar disorder, depression) below. Levels lower on the hierarchy reﬂect an
increasing degree of distinctiveness and speciﬁcity. These nosologies have gained traction, with efforts to assess their clinical utility
(Ruggero et al., 2019).
Yet, because most psychiatric nosology research relies on structured psychiatric interviews, it remains unknown whether distinct
taxonomic levels (i.e., spectra, subfactors, and syndromes) or entities at the same level manifest in similar or dissimilar day-to-day
affective experiences. Linking the distribution of one’s daily
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experiences with this hierarchical psychiatric nosology is critical to
determine whether these classiﬁcation systems reﬂect an idiosyncrasy of method (i.e., structured interview from a single timepoint,
requiring an individual to integrate across a broad timescale) or
reﬂect individuals’ momentary affect, cognition, and behavior. Furthermore, incorporating daily experiences into models of nosology
can help clarify the role of contextual factors that exacerbate or
diminish the expressions of psychopathology (Lapate & Heller,
2020), something that retrospective structured interviews struggle
to assess. Incorporating daily experience into models of nosology
may also help reﬁne connections between distinct spectra, subfactors, or syndromes and suggest novel avenues for intervention.
One way to measure individuals’ day-to-day affective experiences is via ecological momentary assessment (EMA; Trull & EbnerPriemer, 2013). EMA data collection is typically longitudinal,
permitting researchers to derive idiographic distributions of momentary affective experiences. EMA research to date has most frequently examined the mean and standard deviation of one’s
negative and positive affective (NA, PA) experiences, demonstrating that both tend to relate to many psychiatric symptoms (Houben
et al., 2015). More recently, EMA research has begun to examine
whether other EMA metrics of affect predict psychopathology
(Trull et al., 2015). These metrics include inertia (ﬁrst-order autoregression (Thompson et al., 2012; van de Leemput et al., 2014);
instability (mean-square of successive difference [MSSD]; Santangelo et al., 2014; Thompson et al., 2012); and emotional diversity
(within EMA entropy; Vuillier et al., 2018). Importantly, however,
a recent paper (Dejonckheere et al., 2019) suggested that many of
these newer metrics share substantial variance with mean and standard deviation and are not predictive of depression or well-being net
of the simpler distributional (mean and standard deviation) metrics.
Thus, psychopathology risk is deﬁned by an affective proﬁle of
higher baseline NA, lower baseline PA, and higher affective variability, perhaps reﬂecting maladaptive emotional reactivity and regulation (Davidson, 1998). Using situational triggers to determine
affective reactivity and regulation would be ideal (Villano et al.,
2020), but in the absence of contextual information, statistical
moments of the distribution of one’s affect (including standard
deviation, skew, and kurtosis) may approximate these processes.
Overall, the relevance of these or other distributional features of
emotion to psychiatric spectra, subfactors, or syndromes must be
validated by controlling for simpler metrics.
Moreover, extant research linking EMA to psychiatric symptoms
is limited by examining relations with single disorders, despite
aforementioned evidence that symptom comorbidity is the norm.
To date, only one study has examined associations between the distribution of one’s daily affect via EMA with internalizing and externalizing spectra (Scott et al., 2020; see Wright et al., 2015 for a
study using multilevel SEM to describe associations between spectra symptoms measured daily with SCID assessments). Applying
dynamic structural equation modeling to a 21-day EMA protocol,
Scott and colleagues found surprising dissociations between NA
and PA and internalizing and externalizing spectra: NA mean and
variability were uniquely and positively associated with internalizing spectra, whereas PA inertia was inversely and uniquely associated with externalizing. Narrower subfactors or syndromes were
not explored. This ﬁnding is in contrast to the bulk of the EMA psychopathology literature indicating increases in mean NA across
internalizing and externalizing spectra. Further research linking

EMA to multiple levels of HiTOP would shed light on whether
putatively distinct spectra, subfactors, or syndromes manifest similarly or dissimilarly in the distribution of day-to-day affect (Wright
& Woods, 2020). This may be particularly important as symptoms
of certain syndromes are more situationally dependent (e.g., social
cues in social anxiety, contamination cues in OCD), whereas others
are deﬁned by more context-independent processes (e.g., sad mood
in depression, worry in generalized anxiety).
Using a hierarchical approach to modeling psychiatric comorbidity, this study explored the associations between daily affect and
internalizing and externalizing spectra and narrower syndromes. In
a sample of 462 young adults, we measured NA and PA every other
day over a 3–4-month period. We selected an undergraduate sample
given that many psychiatric difﬁculties emerge during this developmental period (De Girolamo et al., 2018), and because the distribution of psychiatric symptoms among college students is similar to
those of large, representative epidemiological studies (Auerbach et
al., 2016). Following prescreening, approximately 22% of the sample was invited to participate because of elevated levels of repetitive
negative thinking (RNT). RNT was selected as a transdiagnostic
cognitive risk factor linked with elevated psychopathology symptoms (Ehring et al., 2011; McEvoy et al., 2013). Our sample therefore reﬂected a true continuous distribution, including clinically
signiﬁcant levels of symptomatology.
Our primary aim tested associations between psychiatric spectra and syndromes with the standard EMA affective metrics of
mean and standard deviation. These metrics reﬂect the ﬁrst and
second statistical distribution moments of day-to-day affect,
respectively. Given comorbidity between internalizing and externalizing disorders, we hypothesized that individuals with higher
levels of internalizing or externalizing spectra would report
heightened mean NA. For mean PA, we hypothesized that higher
depression levels would be associated with lower mean PA.
Given the classic distinctions between depression and anxiety on
anhedonia (Clark & Watson, 1991), we also hypothesized that
attenuated mean PA might also be linked to heightened internalizing levels overall but would not be associated with the externalizing spectrum. For standard deviation, given the bulk of the
extant literature, we hypothesized that heightened NA and PA
standard deviation would be associated with more global (context
nonspeciﬁc) affective dysregulation and would be linked to both
internalizing (speciﬁcally depression and generalized anxiety
syndromes) and externalizing spectra.
In addition, we tested whether the third and fourth distribution
moments, the skew and kurtosis, explained unique symptom variance. Whether skew and kurtosis account for unique variance in
psychiatric symptoms remains unexplored. Thus, we selected
these distributional moments in lieu of more typical complex
EMA metrics (inertia, MSSD, emo-diversity) because skew and
kurtosis are not mathematically related by deﬁnition to mean and
standard deviation, whereas some complex affective metrics are (i.
e., inertia and MSSD). We hypothesized that greater skew would
characterize a more jagged or reactive emotional proﬁle in the absence of speciﬁc contextual information. Affective skew may indicate the presence of contextually speciﬁc symptoms, such as in
social anxiety or speciﬁc phobia. This would not be captured by
the mean or standard deviation. High kurtosis, on the other hand,
by capturing the “heaviness of the tails” of one’s affect distribution, may reﬂect a tendency to utilize extreme affect ratings more
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frequently, though our hypotheses regarding kurtosis was more
exploratory.
In accordance with HiTOP guidelines (Conway et al., 2019;
Ruggero et al., 2019), we used a hierarchical, conﬁrmatory factor
approach to model symptoms. Then we built multivariate path
models to test whether features of the ﬁrst–fourth moments of
NA and PA predicted psychiatric spectra and syndromes. This
approach allowed us to consider internalizing and externalizing
spectra and more speciﬁc syndromes, including depression, generalized anxiety, social anxiety, obsessive–compulsive, hoarding, mania, and substance and alcohol use symptoms.
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Method
Participants
The sample comprised 966 university students who participated
in exchange for research familiarization credits. Participants completed symptom assessments; all data were used in constructing
the psychiatric symptom models (for demographic information,
see Table S1 in the online supplemental materials). Of the 966 students, 462 also participated in an EMA study. There were no differences in any demographic variables between the symptom-only
and the symptom þ EMA samples. Students in the EMA study
were offered course credit or a cash bonus as compensation. The
sample was recruited across four semesters and multiple courses,
resulting in seven distinct EMA cohorts, which were combined for
the current study. There were no eligibility restrictions; however, a
subset of the sample was invited following a screening procedure at
the start of each semester. Speciﬁcally, we used the Perseverative
Thinking Questionnaire (Ehring et al., 2011) to identify individuals
with elevated levels of repetitive negative thinking, a transdiagnostic
cognitive risk factor for psychopathology (McEvoy et al., 2013).
Heightened RNT was deﬁned as scores above the mean (M = 23).
Within the EMA sample, 101 students (22%), had scores greater
than 23. Sample size was not determined a priori; sample size was
the maximum number of participants recruited over this time-frame.

Psychiatric Symptom Measures
Participants completed a range of well-validated self-report,
symptom assessments at the start of each semester, with a greater
number of internalizing spectrum symptom measures:

Generalized Anxiety Disorder (GAD-7)
Items assessed the frequency of seven primary generalized anxiety symptoms across the last 2 weeks (Spitzer et al., 2006). Item
responses range on a scale from 0 (not at all) to 3 (nearly every
day). In our sample, Cronbach’s alpha = .91.

Patient Health Questionnaire (PHQ-9)
Nine items assessed the frequency of depression symptoms over
the last 2 weeks using a scale from 0 (not at all) to 3 (nearly every
day; Spitzer et al., 1999). In our sample, Cronbach’s alpha = .86.

Social Interaction Anxiety Scale (SIAS)
The SIAS captured levels of fear in social interactions. Nineteen
items are rated on a scale from 0 (not at all characteristic or true)
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to 4 (extremely characteristic or true; Mattick & Clarke, 1998). In
our sample, Cronbach’s alpha = .93.

Obsessive Compulsive Inventory Revised (OCIR)
A modiﬁed version of the OCIR was used in the current study,
and included twelve items that assess levels of obsessions, contamination/washing symptoms, symmetry concerns, and checking
behaviors (Abramowitz & Deacon, 2006). The neutralizing and
hoarding subscales included in the original OCIR were not used in
the present report. Instead, we measured hoarding symptoms using
a well-validated hoarding-speciﬁc measure (Timpano et al., 2014;
see below). We excluded the OCIR neutralizing items in light of
evidence indicating poor psychometric performance of this subscale (Huppert et al., 2007; Wu & Watson, 2003). Items are rated
on a scale from 0 (not at all) to 4 (extremely). In our sample, Cronbach’s alpha = .89.

Saving Inventory Revised (SIR)
A modiﬁed SIR total assessing hoarding symptoms was used in
the current study and included 14 items that assess levels of difﬁculty discarding, the core symptom of hoarding, along with acquiring behaviors (Frost et al., 2004). The clutter subscale was not
used given our focus on college students and that clutter is less relevant to this age-group. Item responses range on a scale from 0
(not at all) to 4 (extremely). In our sample, Cronbach’s alpha =
.87.

The Altman Self-Rating Mania Scale (ASRM)
Manic symptoms were assessed via the ASRM (Altman et al.,
1997). Five items are rated on a scale from 0 (not applicable) to 4
(extremely applicable). In the current sample the ASRM items had
a Cronbach’s alpha = .68.

NIDA Alcohol and Substance Use Screen
Alcohol and substance use symptoms were assessed using four
speciﬁc items from the National Institute on Drug Abuse (NIDA)
Substance Use and Alcohol Use Quick Screen and Modiﬁed
ASSIST (National Institute on Drug Abuse, 2012). Participants
rated past-year and past 3-month use frequency; frequency of
desire to use; frequency their use led to health, social, legal or ﬁnancial problems; and how often they failed to fulﬁll responsibilities because of use. Items were rated on a 0–4 scale. For the
alcohol use items, Cronbach’s alpha = .60. For the substance use
items, Cronbach’s alpha = .73

Procedure
For the sample completing EMAs, participants provided written
consent, completed a battery of demographic questions and symptom severity measures and received detailed instructions for completing the EMA protocol. Participants then completed EMA
surveys for the remainder of the academic semester. The EMA
phase ended approximately 10 weeks after the lab session. A subset of these subjects were also analyzed in an unrelated analysis
(Villano et al., 2020).
SMS messages were sent to participants’ mobile phones through
FileMaker Pro with a URL to the EMA survey created in Qualtrics.
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Participants received the same survey once every other day at a random time between 10 am and 8 pm. The survey assessed the participant’s current affective experience. While some items varied
slightly by cohort, we analyzed only items common across all
cohorts. Participants were prompted by “How much do you feel
_____ right now,” in which the blank was populated by one of nine
different affect items (happy, content, attentive, relaxed, excited,
nervous, upset, anxious, and irritable). Ratings were made using
visual analog scale ranging from 0–100. These nine affect items
were selected, in part, from the PANAS (Watson & Clark, 1994;
anxious is not part of the PANAS) to reﬂect a range of both positive
and negative emotions to calculate summary NA and PA scores.
Participants were required to respond to all affect items for the
survey to be submitted. Participants were instructed to respond to
each survey as soon as possible. Over the course of the semester,
participants received a total of between 23 and 44 surveys,
depending on when they completed onboarding. On average, participants completed 31.20 surveys (SD = 10.68, range = 3–55), or
81.27% of surveys (SD = 22.74%, range = 7%-100%).

Modeling Psychiatric Symptoms
We ﬁt measurement models to symptoms, testing a correlated
factors model (see online supplemental materials), and three
higher-order factor models. For all models, we speciﬁed eight
symptom factors with items from each measure loading onto their
respective symptom factor (e.g., PHQ items loading onto Depression factor). To arrive at a ﬁnal higher-order factor model, we
compared several alternative speciﬁcations: (a) a single superspectra (so called “p-factor”; Caspi et al., 2014) model with all
eight lower-order factors as loadings; (b) one higher-order factor
representing an internalizing spectrum (Depression, Generalized
Anxiety, Social Anxiety, OC, and Hoarding factors as loadings),
and one higher-factor representing an externalizing spectrum
(Alcohol Use, Substance Use, and Mania factors as loadings);
and (c) one higher-order factor representing an internalizing spectrum (Depression, Generalized Anxiety, Social Anxiety, OC, and
Hoarding factors as loadings), and one higher-factor representing
an externalizing spectrum (Alcohol Use and Substance Use), with
the Mania factor not loading onto either higher-order factor. To
best account for the ordinal nature of the item-level data, we used
Lavaan’s (Version .6.5; Rosseel, 2012) diagonally weighted least
squares (DWLS) estimation. Model ﬁt was assessed according to
standard criteria: nonsigniﬁcant chi-square, CFI . .95, RMSEA
, .06, and SRMR , .08 (Kline, 2015).
In line with prior literature (Carlson et al., 2011); we found that
reverse-scored items (Items 2 and 4 on the SIR; Items 5, 7, and 9
on the SIAS) exhibited low reliability and high intercorrelations,
suggesting that reverse-scored items performed distinctly and
could be accounted for as a nuisance factor. In light of this, and in
keeping with psychometric literature suggesting against reverse
scored items (Suárez-Alvarez et al., 2018); these items were omitted from the models. When measurement models were initially
tested, there was evidence of one potential Heywood case (Kline,
2015): one NIDA Substance Use item exhibited a small, negative
residual variance (magnitude = .003). This item was omitted
from the models.

EMA
Calculation of Distribution of Daily Affect
Within each EMA, we averaged the negative and positive
items to a separate NA and PA value. Then, we estimated the
ﬁrst–fourth moments of each participant’s NA and PA affect distribution across the semester: the mean, standard deviation,
skew, and kurtosis.

Removal of Plausibly Careless EMAs
We have found that individual EMAs may be completed carelessly and are implausible reﬂections of one’s current affective
state (Jaso et al., in press). Determinants of a careless EMA
include: (a) an EMA completed in which the participant spent less
than an average of 1 s per item; (b) any EMA in which the withinEMA standard deviation is less than 5 (when using a 0–100 scale);
and (c) any EMA in which more than 60% of items are given the
same modal score. Careless EMAs likely add unnecessary noise
to statistical models. Therefore, in a second analysis, we ﬁrst
removed any EMAs ﬂagged as careless using these three determinants (https://github.com/manateelab/EMAeval-R-Package) and
report the results.

Linking EMA and Symptom Models
From measurement models, we extracted factor loadings for
each participant. Factor loadings were outcomes in multivariate
path models, with EMA metrics of each participant’s affect distribution as simultaneous predictors. Thus, any signiﬁcant relationships between EMA metrics (predictors) and symptoms (factor
loadings as outcomes) are net of all other predictors. We assessed
relationships of the symptom data with NA and PA separately. In
all models, we controlled for cohort and EMA completion percentage. As models were saturated, ﬁt was not assessed.

T-SNE Visualization of Extracted Effects
We used the t-Distributed Stochastic Neighbor Embedding
(t-SNE) algorithm to reduce the dimensionality of the path
models effects to provide a simpler visualization of the relation
between syndromes and affect proﬁles. The rationale stemmed
from the clear patterns of affective dynamics across certain syndrome groups (e.g., similarities for generalized anxiety and
depression; for social anxiety and OCD). T-SNE was conducted
using the Rtsne package (Krijthe, 2015); we speciﬁed a perplexity of 2, default theta of .5, and dimensionality of 2.

Results
Distribution of Psychiatric Symptoms
Descriptives
Descriptive statistics for each symptom measure, relative to
clinical cut-off values, for both the symptom-only and symptomEMA groups are shown in Figure 1 and Table S2 in the online
supplemental materials. For depression (PHQ-9), there were 77
students (15%) from the symptom-only sample and 77 students
(17%) from the symptom and EMA sample that met clinical
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Figure 1

Distribution of Symptoms, for the Symptoms-Only Cohort (Red [Light Gray]),
and Separately for Those Participating in EMA (Blue [Dark Gray])
Sample:

Symptoms only

Symptoms and EMA

Clinical cutoff value

General anxiety scores

Depression scores
N = 83 (17%)
N = 88 (19%)

150

N = 77 (15%)
N = 77 (17%)

200

Count

Count

150
100

50

100
50
0

0

5

10

15

20

25

0

Total GAD−7 score

10

20

Total PHQ−9 score

Social anxiety scores
60

Obsessions scores
N = 106 (21%)
N = 122 (26%)

N = 135 (27%)
N = 131 (28%)

200

Count

Count

40

20

100

0

0
0

20

40

60

0

Total SIAS score

Hoarding scores

10

Mania scores
N = 37 (7%)
N = 54 (11%)
Count

50

N = 320 (64%)
N = 279 (60%)

40

75

Count

5

OCIR-obsessions score

100

20

25
0

0
0

10

20

0

5

SIR-difficulty discarding score

10

15

20

Total ASRM score

Alcohol use scores

Drug use scores
400

200
300
150

Count

Count
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0

100

200
100

50
0

0
0

5

10

Total alcohol screening score

0

5

10

15

Total drug screening score

Note. EMA = ecological momentary assessment. See the online article for the color version
of this ﬁgure.

thresholds ($10) (Kroenke et al., 2001). For anxiety (GAD-7),
there were 83 students (17%) and 88 students (19%) from the
symptom and EMA samples, respectively that met the clinical
threshold ($10) (Spitzer et al., 2006). For social anxiety (SIAS),
there were 106 students (21%) in the symptom-only sample and
122 students (26%) in the symptom and EMA sample that met the
clinical threshold ($34) (Brown et al., 1997; Heimberg et al.,
1992). For OCD (OCIR–obsessions subscale), there were 135 students (27%) from the symptom-only sample and 131 students
(28%) from the symptom and EMA sample that met the clinical
threshold ($4) (Foa et al., 2002). For hoarding (SIR–difﬁculty discarding subscale), 37 students (7%) in the symptom-only sample

and 54 students (11%) in the symptom and EMA sample endorsed
clinically elevated symptoms ($15) (Frost et al., 2004). For mania
(ASRM), 320 students (64%) in the symptom-only and 279 students (60%) in the symptom and EMA sample met the clinical
threshold (⭌6) (Altman et al., 1997). Because only select items
from the NIDA alcohol and substance use screener were used,
there are no clinical thresholds with which to compare.
To explore whether our sampling strategy of overrecruiting individuals at heightened psychopathology risk was successful, we compared the mean and max for each symptom scale (syndrome) in the
current sample to previously published nonclinical and clinical means
(Figure S1 in the online supplemental materials). For each syndrome,
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tom factors loaded strongly and positively (loadings . .550, ps ,
.001) onto the higher-order factor. The Mania factor loaded negatively onto the higher-order factor (.407, p , .001), and the
Alcohol and Substance Use factors had relatively low loadings
onto the higher-order factor (Alcohol Use: .243, p , .001; Substance Use: .335, p , .001).
The second higher-order model contained two higher-order factors (Factor 1: Depression, Generalized Anxiety, Social Anxiety,
OC, Hoarding; Factor 2: Mania, Alcohol Use, Substance Use).
This model exhibited slightly better ﬁt to the data, (v2(2268) =
11203.675, p , .001; CFI = .969; RMSEA = .065; SRMR = .079).
Again, there were several negative variances (Alcohol Use item
#3: .057, Substance Use item #3: .149), and indicators of the
externalizing higher-order factor did not appear to be unitary. Speciﬁcally, the Mania factor loaded positively onto the higher-order
externalizing factor (.573, p , .001), whereas the Alcohol and
Substance Use factors loaded negatively onto the externalizing
higher-order factor (Alcohol: .358, p , .001; Substance Use:
.495, p , .001).
The third higher-order model was identical to the previous
model except we removed the Mania factor from the externalizing
higher-order factor. This model exhibited the best ﬁt to the data,
(v2(2267) = 10497.512, p , .001; CFI = .971; RMSEA = .062;
SRMR = .075), containing no negative residual variances. Item
loadings were generally strong onto each respective symptom factor (..400), with the exception of one item (ASRM3: .136). Loadings onto each of the higher-order factors were strong for both the
internalizing (Depression: .870; Generalized Anxiety: .836; Social
Anxiety: .661; OC: .659; Hoarding: .565; all ps , .001) and externalizing (Alcohol Use: .749; Substance Use: .987; ps , .001) factors.
Mania did not load onto either higher-order factor. Consequently,
this model was retained as the higher-order factor model used in
analyses linking to metrics of EMA distribution.

the mean is between nonclinical and clinical means, while the max
falls above clinical means. This indicates that our oversampling strategy was successful, leading to mean symptom levels being higher
than those typically found in nonclinical samples.
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Correlations Between Symptoms
We calculated zero-order correlations between raw symptom
scores (see Table 1). Nearly all symptom measures were signiﬁcantly associated with one another with the exceptions of, alcohol
use with social anxiety (r = .03, p = .40), OC symptoms (r = .02,
p = .51), and mania (r = .05, p = .14), as well as substance use
with social anxiety (r = .04, p = .27) and mania (r = .00, p = .90).
Additionally, mania and hoarding symptoms were not signiﬁcantly
correlated (r = .01, p = .63).
In addition, some symptoms were associated with EMA compliance (see Table 1). There were signiﬁcant associations between
EMA completion percentage and depression symptoms (r = .11,
p = .02), generalized anxiety symptoms (r = .12, p = .01), and
alcohol use (r = .11, p = .02). In contrast, the proportion of
EMAs designated as “careless” was not related to any symptoms.

Distribution of Affect
The distribution of daily affect assessed via EMA, both of the
entire sample and after having removed careless responses, is presented in Figure 2. Kurtosis is the only distributional EMA metric
that appeared to shift after removing the 478 (2.93%) plausibly
careless responses (Jaso et al., in press; deﬁned as: ,1 s time per
item, within EMA SD # 5, proportion of modal items # 60%),
leaving 15,834 total EMAs. Correlations between EMA metrics
are displayed in Table 2.

Higher-Order Factor Measurement Model
The ﬁrst higher-order model containing a single higher-order
factor exhibited mixed ﬁt to the data, (v2(2336) = 11255.951, p ,
.001; CFI = .969; RMSEA = .065; SRMR = .080). There were several negative variances (Alcohol Use item #3: .057, Substance
Use item #3: .149), and indicators of the higher-order factor did
not appear to capture a unitary construct. All internalizing symp-

Linking Distribution of Affect With Symptoms: Path
Models
Results linking NA and PA metrics with factor scores from the
higher-order factor model are depicted in Figure 3 and Figure 4
and reported in Table 3. We also performed identical multivariate

Table 1
Correlations of Symptom Measures
Variable

1

2

3

4

5

6

7

8

9

1. DEP
2. GAS
3. SAS
4. OCS
5. Hoard
6. Mania
7. ALC
8. SUB
9. CompPct
10. RmvPct

0.71***
0.51***
0.41***
0.38***
0.27***
0.13***
0.17***
0.11*
0.06

0.46***
0.53***
0.40***
0.24***
0.13***
0.15***
0.12**
0.03

0.38***
0.35***
0.27***
0.03
0.04
0.04
0.04

0.44***
0.11**
0.02
0.08*
0.09
0.01

0.01
0.11***
0.09**
0.03
0.05

0.05
0
0.02
0.04

0.47***
0.11*
0.03

0.09
0.06

0.05

Note. DEP = Depression; GAS = Generalized Anxiety; SAS = Social Anxiety; OCS = Obsessive Compulsive; Hoard = Hoarding; Mania = Mania;
ALC = Alcohol Use; SUB = Other Substance Use; CompPct = EMA Completion Percentage; RmvPct = Percentage of Careless EMAs Removed.
Correlations between variables 1–8 are derived from both the EMA and symptom-only samples. Correlations involving variables 9 and 10 are derived
only from the EMA sample.
* p , .05. ** p , .01. *** p , .001.
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Figure 2

Distribution of EMA Responses, Both Using the Entirety of EMA Data, and After
Having Removed the 478 (2.93%) Plausibly Careless Responses (,1 s Time per
Item, Within EMA SD # 5, or Proportion of Items # 60%)
Mean

SD
20

40

Mean

Mean

60

15
10

20
5
0
Negative

Positive

DataType

Affect

Negative

Positive

Affect

All data

Skew

Kurtosis
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1.0
1
0.5

Mean

Mean
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−1

−0.5
−2
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Negative

Affect

Positive

Affect

Note. EMA = ecological momentary assessment. Error bars reﬂect 1 SD. See the online article for the color version of this ﬁgure.

demonstrate that the idiographic distribution of daily NA and PA
differ across psychiatric symptoms.
Our symptom structure generally mirrored the taxonomy
identiﬁed by HiTOP and others (Kotov et al., 2017). We found
support for an internalizing spectrum, made up of depression,
generalized anxiety, social anxiety, obsessive–compulsive and
hoarding syndromes (Achenbach, 1966). Additionally, our data
supported an externalizing factor that included symptoms of
substance use. The one symptom not loading onto either spectrum was that of mania, which often cross-loads with thought
disorder (Keyes et al., 2013)—not modeled here.
This symptom taxonomy was linked to metrics of the distribution of daily affect (see Figure 3). Mean NA was consistently (i.e.,
regardless of using the entire EMA sample or removing plausibly
careless responses) associated with endorsement of all symptoms

path models using the factor scores as outcomes except with the
NA and PA distributional metrics after removing plausibly careless EMAs. Results across these two analyses were similar (Table
S4). Further, EMA-symptom associations from a correlated factor
model also demonstrated similar results (see the online
supplemental materials).

Discussion
There is increasing use of dimensional systems to improve the
reliability and validity of psychiatric nosology (Caspi et al., 2014;
Kotov et al., 2017; Lahey et al., 2012). Despite evidence for the
clinical utility and construct validity of these classiﬁcation systems
(Ruggero et al., 2019), how this nosology manifests in day-to-day
emotional life remains unknown. Using a HiTOP approach, we
Table 2
Correlations of Distribution of Daily NA and PA
Variable

1

1. NA M
2. PA M
3. NA SD
4. PA SD
5. NA skew
6. PA skew
7. NA kurtosis
8. PA kurtosis

.53**
0.09
0.05
.65**
.15**
.30**
0.04

2

3

4

5

6

7

8

0.56***

0.14**
0.14**

0.01
0.02
0.75***

0.67***
0.32***
0.04
0.07

0.2***
0.49***
0.01
0.04
0.28***

0.36***
0.12**
0.21***
0.09*
0.68***
0.17***

0.06
0.22***
0.16***
0.19***
0.14**
0.49***
0.32***

.10*
0.00
.26**
.41**
0.06
.15**

.76**
0.02
0.03
.22**
.21**

.13**
0
.16**
.25**

.23**
.53**
0.04

.11*
.47**

.38**

Note. PA = positive affective; NA = negative affective. Below diagonal are associations for the entire EMA sample; above diagonal correlations reflect associations after removing plausibly careless responses.
* p , .05. ** p , .01. *** p , .001.
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Figure 3

Density Plots of Negative Affect for Individuals High and Low on Generalized Anxiety, Depression, Obsessive Compulsive, and Social
Anxiety Symptoms. Black Lines Represent the Density Across NA Observations Separately for the High and Low Symptom Groups
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Note. An individual may be in multiple panels. DEP = Depression; GAS = Generalized Anxiety; SAS = Social Anxiety; OCS = Obsessive Compulsive.
See the online article for the color version of this ﬁgure.

with the exception of mania, for which the association was
inverse. The effect sizes for the mean NA-internalizing spectra
association (.49) was more than double that of the externalizing
spectra (.20). Moreover, the conﬁdence intervals for mean NA
were substantially narrower for the internalizing than externalizing
spectrum. These effect size and precision differences notwithstanding, links between heightened levels of mean NA to nearly
all syndromes is consistent with evidence that negative affectivity/
neuroticism/emotional instability might represent the so-called Pfactor (Caspi et al., 2014; Kalokerinos et al., 2020; Watson &
Clark, 1984).
Despite the inverse correlation between mean PA and mean
NA (r = .54), mean PA demonstrated more divergent effects
across spectra and syndromes. Higher internalizing syndromes
were consistently associated with lower mean PA, with slightly
smaller effect sizes (.21 to .35) than associations with mean

NA (effect sizes: .29 to .44). In contrast, only mania was associated with elevated mean PA. Considered jointly, the results
for mean affect indicate that daily NA and PA are associated
with distinct association patterns across internalizing and externalizing spectra.
Variability in NA and PA further distinguished spectra and syndromes. As has been found previously (Houben et al., 2015); NA
and PA standard deviation shared substantial variance (r = .76),
suggesting that affective variability is a general property of one’s
emotional experience independent of valence. On the externalizing
side, PA variability was associated with the externalizing spectrum,
alcohol use and substance use syndromes. Effects were present,
although weaker and less consistent, with NA variability.
On the internalizing side for affective variability, the most
consistent, albeit relatively weak, effect was a positive association between both NA and PA variability and generalized
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Figure 4

Effect Sizes Linking the Symptom Factors With EMA Metrics

Negative Affect Mean, SD, Skew, and Kurtosis across Symptom Factors
Mean

0.6

SD

NA Mean, SD, Skew, or Kurtosis E

Kurtosis

0.3

0.0

−0.3

−0.6
Internalizing
Spectrum

Depression
Externalizing
Spectrum

Generalized
Anxiety

Social
Anxiety

Alcohol
Use

Hoarding
ObsessiveCompulsive

Mania

Substance
Use

Symptom Factor

Positive Affect Mean, SD, Skew, and Kurtosis across Symptom Factors
Mean

0.6

SD
Skew

PA Mean, SD, Skew, or Kurtosis E

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

Skew

Kurtosis

0.3

0.0

−0.3

−0.6
Internalizing
Spectrum

Depression
Externalizing
Spectrum

Generalized
Anxiety

Social
Anxiety

Alcohol
Use

Hoarding
ObsessiveCompulsive

Mania

Substance
Use

Symptom Factor
Note. Error bars reﬂect 95% CI. EMA = ecological momentary assessment. See the online article for the color version of this ﬁgure.

anxiety symptoms, indicating that individuals with higher
generalized (noncontext speciﬁc) anxiety displayed greater
variation in day-to-day affect. Moreover, patterns of associations between affective variability and internalizing syndromes
belonging to the so-called fear (obsessive–compulsive, social

anxiety) and distress (depression and generalized anxiety) subfactors were strikingly different. While parameter estimates
between syndromes of the distress subfactor and PA variability
were between .07 and .11, parameter estimates between syndromes of the fear subfactor and PA variability were an order
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Table 3
Results of Path Models Linking Symptom Factors With EMA Metrics
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Symptom factor
Internalizing Spectrum
Externalizing Spectrum
Depression
Generalized Anxiety
Social Anxiety
Obsessive-Compulsive
Hoarding
Mania
Alcohol Use
Substance Use
Internalizing Spectrum
Externalizing Spectrum
Depression
Generalized Anxiety
Social Anxiety
Obsessive-Compulsive
Hoarding
Mania
Alcohol Use
Substance Use
Internalizing Spectrum
Externalizing Spectrum
Depression
Generalized Anxiety
Social Anxiety
Obsessive-Compulsive
Hoarding
Mania
Alcohol Use
Substance Use
Internalizing Spectrum
Externalizing Spectrum
Depression
Generalized Anxiety
Social Anxiety
Obsessive-Compulsive
Hoarding
Mania
Alcohol Use
Substance Use

EMA metric

Negative affect b [95% CI]

Positive affect b [95% CI]

.49*** [.39, .59]
.20*** [.08, .32]
.43*** [.33, .54]
.44*** [.34, .55]
.41*** [.30, .52]
.43*** [.32, .54]
.29*** [.17, .41]
.25*** [.37, .13]
.18** [.06, .30]
.19** [.07, .31]
.07 [.02, .15]
.09þ [.00, .19]
.07 [.02, .16]
.09þ [.00, .17]
.00 [.09, .09]
.02 [.07, .11]
.02 [.07, .12]
.01 [.11, .09]
.09þ [.00, .19]
.09þ [.00, .19]
.18** [.06, .30]
.06 [.07, .19]
.15* [.03, .27]
.14* [.02, .26]
.24*** [.11, .36]
.22*** [.10, .34]
.06 [.07, .19]
.08 [.21, .06]
.07 [.06, .20]
.06 [.08, .19]
.06 [.16, .03]
.02 [.09, .13]
.05 [.15, .05]
.06 [.16, .04]
.11* [.22, .01]
.03 [.13, .07]
.08 [.19, .03]
.06 [.17, .05]
.01 [.10, .12]
.02 [.09, .13]

.36*** [.45, .27]
.03 [.13, .08]
.35*** [.44, .26]
.30*** [.40, .21]
.31*** [.41, .21]
.25*** [.35, .15]
.21*** [.31, .11]
.39*** [.29, .48]
.01 [.11, .10]
.03 [.13, .08]
.08þ [.01, .17]
.11* [.01, .21]
.09þ [.00, .18]
.11* [.02, .20]
.02 [.08, .11]
.02 [.07, .12]
.00 [.10, .10]
.03 [.06, .12]
.12* [.02, .22]
.11* [.01, .20]
.10þ [.21, .01]
.05 [.17, .07]
.08 [.19, .03]
.03 [.15, .08]
.16** [.27, .04]
.08 [.19, .04]
.19** [.31, .07]
.07 [.05, .19]
.06 [.18, .06]
.05 [.17, .07]
.02 [.09, .13]
.04 [.08, .16]
.02 [.09, .13]
.06 [.05, .18]
.06 [.18, .05]
.04 [.08, .15]
.07 [.19, .05]
.07 [.18, .04]
.03 [.09, .15]
.04 [.08, .16]

Mean

Standard Deviation

Skew

Kurtosis

Note. Standardized estimates in SEM approximate effect sizes (Hoyle, 1995). EMA = ecological momentary
assessment.
þ
p , .10. * p , .05. ** p , .01. *** p , .001.

of magnitude lower (.00–.02). One explanation for this pattern
is that those with heightened symptoms within the fear subfactor primarily experience situationally contingent affective reactions–responses dependent on exposure to speciﬁc social or
contamination related triggers. In contrast, affective variation
in individuals with heightened depression or generalized anxiety symptoms may be global and situationally independent.
These ﬁndings provide the intriguing hypothesis that affective
variability may dissociate syndromes that load onto fear and
distress subfactors net of mean affect.
There were also syndrome-speciﬁc patterns for affective
skew. First, affective skew was the metric with the least shared
variance across valence (r = .23). NA skew was robustly associated with internalizing spectra, such that higher internalizing
symptoms were associated with a more positively skewed NA
distribution, with a modest effect size (.18). NA skew was more
strongly associated with syndromes linked to the fear (medium

effect sizes of .22 to .24) than distress (small effect sizes of .14
to .15) subfactor, although these differences were not signiﬁcant. Lastly, removing plausibly careless EMA responses
increased the strength of associations with the internalizing
spectrum and its syndromes and also revealed associations with
alcohol and substance use. Broadly, this pattern of ﬁndings indicates that syndromes linked to the fear subfactor are most
robustly associated with NA skew (beyond the effects of mean
and standard deviation) and may reﬂect a more jagged or reactive emotional proﬁle in response to speciﬁc situational triggers.
This suggests that psychiatric symptoms that are situationally
dependent and situationally independent produce distinct patterns of affective proﬁles in daily life.
Epidemiological evidence suggests that symptoms linked the
fear subfactor (e.g., behavioral inhibition and social anxiety)
emerge prior to symptoms of the distress subfactor (Hankin et al.,
2016; Kagan & Snidman, 1999). From this, we hypothesize that

internalizing pathology may initially emerge via contextually speciﬁc aversive experiences. This would result in a skewed affective
proﬁle, perhaps due to epigenetic or genetic predispositions toward
temperamentally heightened affective reactivity. Depending on the
types of experiences one has through adolescence, this skewed
affective proﬁle may shift toward a more context-independent
“rolling” affective variation, captured here by heightened standard
deviation. Over time, and in response to stressful life events, we
hypothesize that this shift may be accompanied by more habitual
and ubiquitous cognitive processes of worry and rumination,
linked to generalized anxiety and depression. In terms of daily
affect, this would be captured by greater affective variability and,
perhaps eventually, a qualitative shift into a state of maximally
heightened negative affect. This hypothesis is supported by emerging evidence from dynamical systems models indicating that
increases in the variance, kurtosis, and skewness of one’s states
are warning signs for “critical transitions” to a new equilibrium
(that is, a depressive episode; Dablander et al., 2020; Guttal &
Jayaprakash, 2008; Scheffer et al., 2012).
We performed our analyses using both full EMA data as well as
EMA data after having removed plausibly careless responses. We
have found (Jaso et al., in press) that an individual EMA may be
careless if it is completed too quickly (#1 s taken per item), if
there is too little variance across item responses (SD # 5 if items
are on a 100-point scale), or if a substantial proportion of items are
rated at the modal response ($60% items rated at the mode).
While there were few EMAs removed in total (,3% of EMAs),
and the distribution of EMA data did not change dramatically,
removing careless responses altered some associations with psychiatric spectra and syndromes. In particular, removing careless
responses (a) increased the effect size of associations between NA
skew and syndromes associated with the fear subfactor (social
anxiety and OC) and alcohol/substance use; and (b) revealed several associations between symptom and NA kurtosis, particularly
one in which higher levels of social anxiety were associated with
lower kurtosis (more data-points in the tails). This ﬂagging protocol tends to remove EMAs clustered at the midpoint of the 0–100
scale, which occurs when participants quickly and capriciously tap
the midpoint of the scale. Removal of these responses revealed
additional associations with both skewness and kurtosis. Overall,
we strongly recommend future work carefully consider the quality
of each individual EMA data-point and remove plausibly careless
responses prior to performing any individual differences analyses.
These ﬁndings should be interpreted in light of limitations.
While our battery assessed a range of internalizing and externalizing symptoms, there are syndromes and subfactors reﬂected in
HiTOP that we did not capture. For example, we relied on social
anxiety and OC symptoms to describe the fear subfactor, but we
did not assess panic, speciﬁc phobias, or agoraphobia symptoms.
Similarly, we did not assess eating or dissociative symptoms, and
we did not measure the full range of externalizing symptoms. At
the spectra level, our measures more extensively sampled the
internalizing space relative to externalizing space (which was limited to alcohol and substance use). A second limitation is that our
EMA procedure did not incorporate assessments of context. Thus,
despite the evidence that fear and distress subfactors may be distinguishable via context-dependent and context-independent negative via skew and variability, respectively, our sampling procedure
cannot determine whether and when affective triggers were
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encountered because assessments were not yoked to triggers (Villano et al., 2020). A third limitation is that our sampling rate was
somewhat unique. We chose a once every other day assessment
schedule. This slightly more infrequent sampling rate permitted us
to assess affect over a much longer period of time than is typically
done (i.e., 3–4 months as opposed to the more typical 5–10 times
per day for 2–3 weeks). We believe this allows ascertainment of
trait-like levels of the distribution of one’s affect. It is more likely
that idiosyncratic events impact the distribution of one’s affect
during a 2-week period than a 3–4-month period. Nonetheless, it is
unknown whether associations between psychiatric symptoms and
the distribution of daily affect is dependent on sampling rate.
Lastly, while a fourth limitation is our use of a nonclinical sample
of young adults, symptom severity distribution in this sample is
similar to that of epidemiological studies (Alonso et al. 2018;
Kessler et al., 2005), and one-quarter of the sample was targeted
to be at elevated risk for psychopathology. Further, young adult
samples are critical to fully characterize psychopathology (Auerbach et al., 2018) and many psychiatric difﬁculties emerge during
early adulthood (De Girolamo et al., 2018). Thus, while our sample is not a traditional case-control design, we are able to characterize distributions that match population distributions.
Our ﬁndings indicate that the distribution of affective experiences in daily life differs across psychiatric spectra, subfactors, and
syndromes (Figure 5). This approach builds on recommendations
by Conway et al. (2019) and serves as an exemplar of linking levels of HiTOP to psychiatrically relevant correlates. Because the
daily manifestations of internalizing subfactors are distinguishable
via one’s affective distribution, we suggest that ambulatory monitoring systems and intervention protocols may integrate these
measures into procedures. The lack of speciﬁcity with which
heightened mean negative affect was present across internalizing
spectra and syndromes underscores the utility of the second and
third distributional moments in delineating internalizing subfactors. Modeling of the within- and between-person effects using
Figure 5

T-SNE Collapsing the Parameter Estimates for All 8 EMA Effect
Sizes (PA, NA, Mean, Standard Deviation, Skew, Kurtosis) for
Each Spectra/Syndrome to Two Dimensions
Symptom Factor
Internalizing Spectrum
Externalizing Spectrum
Depression
Generalized Anxiety
Social Anxiety
Obsessive-Compulsive

Dimension 2
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Hoarding
Mania
Alcohol Use
Substance Use

Dimension 1
Note. T-SNE = t-Distributed Stochastic Neighbor Embedding; EMA = ecological momentary assessment; PA = positive affective; NA = negative
affective. See the online article for the color version of this ﬁgure.

12

HELLER, STAMATIS, PUCCETTI, AND TIMPANO

idiographic models is necessary. However, better understanding
the ways in which psychiatric symptoms manifest in day-to-day
life can reﬁne nosological models and our understanding of the cooccurrence of psychiatric phenomena.

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

References
Abramowitz, J. S., & Deacon, B. J. (2006). Psychometric properties and
construct validity of the Obsessive–Compulsive Inventory–Revised: Replication and extension with a clinical sample. Journal of Anxiety Disorders, 20(8), 1016–1035. https://doi.org/10.1016/j.janxdis.2006.03.001
Achenbach, T. M. (1966). The classification of children’s psychiatric
symptoms: A factor-analytic study. Psychological Monographs, 80(7),
1–37. https://doi.org/10.1037/h0093906
Alonso, J., Mortier, P., Auerbach, R. P., Bruffaerts, R., Vilagut, G.,
Cuijpers, P., Demyttenaere, K., Ebert, D. D., Ennis, E., GutiérrezGarcía, R. A., Green, J. G., Hasking, P., Lochner, C., Nock, M. K.,
Pinder-Amaker, S., Sampson, N. A., Zaslavsky, A. M., Kessler, R. C., &
WHO WMH-ICS Collaborators. (2018). Severe role impairment associated with mental disorders: Results of the WHO World Mental Health
Surveys International College Student Project. Depression and Anxiety,
35(9), 802–814. https://doi.org/10.1002/da.22778
Altman, E. G., Hedeker, D., Peterson, J. L., & Davis, J. M. (1997). The
Altman Self-Rating Mania Scale. Biological Psychiatry, 42(10),
948–955. https://doi.org/10.1016/S0006-3223(96)00548-3
American Psychiatric Association. (2013). DSM–5: Diagnostic and
statistical manual of mental disorders (5th ed.).
Angold, A., Costello, E. J., & Erkanli, A. (1999). Comorbidity. Journal of
Child Psychology and Psychiatry, 40(1), 57–87.
Auerbach, R. P., Alonso, J., Axinn, W. G., Cuijpers, P., Ebert, D. D.,
Green, J. G., Hwang, I., Kessler, R. C., Liu, H., Mortier, P., Nock,
M. K., Pinder-Amaker, S., Sampson, N. A., Aguilar-Gaxiola, S., AlHamzawi, A., Andrade, L. H., Benjet, C., Caldas-de-Almeida, J. M.,
Demyttenaere, K., . . . Bruffaerts, R. (2016). Mental disorders among
college students in the World Health Organization World Mental Health
Surveys. Psychological Medicine, 46(14), 2955–2970. https://doi.org/10
.1017/S0033291716001665
Auerbach, R. P., Mortier, P., Bruffaerts, R., Alonso, J., Benjet, C.,
Cuijpers, P., Demyttenaere, K., Ebert, D. D., Green, J. G., Hasking, P.,
Murray, E., Nock, M. K., Pinder-Amaker, S., Sampson, N. A., Stein,
D. J., Vilagut, G., Zaslavsky, A. M., Kessler, R. C., & WHO WMH-ICS
Collaborators. (2018). WHO World Mental Health Surveys International
College Student Project: Prevalence and distribution of mental disorders.
Journal of Abnormal Psychology, 127(7), 623–638. https://doi.org/10
.1037/abn0000362
Brown, E. J., Turovsky, J., Heimberg, R. G., Juster, H. R., Brown, T. A.,
& Barlow, D. H. (1997). Validation of the Social Interaction Anxiety
Scale and the Social Phobia Scale across the anxiety disorders. Psychological Assessment, 9(1), 2127.
Carlson, M., Wilcox, R., Chou, C.-P., Chang, M., Yang, F., Blanchard, J.,
Marterella, A., Kuo, A., & Clark, F. (2011). Psychometric properties of
reverse-scored items on the CES-D in a sample of ethnically diverse
older adults. Psychological Assessment, 23(2), 558–562. https://doi.org/
10.1037/a0022484
Caspi, A., Houts, R. M., Belsky, D. W., Goldman-Mellor, S. J.,
Harrington, HL., Israel, S., Meier, M. H., Ramrakha, S., Shalev, I.,
Poulton, R., & Moffitt, T. E. (2014). The p factor: One general psychopathology factor in the structure of psychiatric disorders? Clinical Psychological Science, 2(2), 119–137. https://doi.org/10.1177/216770
2613497473
Chmielewski, M., Clark, L. A., Bagby, R. M., & Watson, D. (2015).
Method matters: Understanding diagnostic reliability in DSM–IV and
DSM–5. Journal of Abnormal Psychology, 124(3), 764–769. https://doi
.org/10.1037/abn0000069

Clark, L. A., & Watson, D. (1991). Tripartite model of anxiety and depression: Psychometric evidence and taxonomic implications. Journal of
Abnormal Psychology, 100(3), 316–336. https://doi.org/10.1037/0021
-843X.100.3.316
Conway, C. C., Forbes, M. K., Forbush, K. T., Fried, E. I., Hallquist,
M. N., Kotov, R., Mullins-Sweatt, S. N., Shackman, A. J., Skodol,
A. E., South, S. C., Sunderland, M., Waszczuk, M. A., Zald, D. H.,
Afzali, M. H., Bornovalova, M. A., Carragher, N., Docherty, A. R.,
Jonas, K. G., Krueger, R. F., . . . Eaton, N. R. (2019). A hierarchical taxonomy of psychopathology can transform mental health research. Perspectives on Psychological Science, 14(3), 419–436. https://doi.org/10
.1177/1745691618810696
Dablander, F., Pichler, A., Cika, A., & Bacilieri, A. (2020). Anticipating
critical transitions in psychological systems using early warning signals:
Theoretical and practical considerations. PsyArXiv. https://doi.org/10
.31234/osf.io/5wc28
Davidson, R. J. (1998). Affective style and affective disorders: Perspectives from affective neuroscience. Cognition and Emotion, 12(3),
307–330. https://doi.org/10.1080/026999398379628
De Girolamo, G., McGorry, P. D., & Sartorius, N. (2018). Age of onset of
mental disorders: Etiopathogenetic and treatment implications. Springer.
Dejonckheere, E., Mestdagh, M., Houben, M., Rutten, I., Sels, L.,
Kuppens, P., & Tuerlinckx, F. (2019). Complex affect dynamics add
limited information to the prediction of psychological well-being. Nature Human Behaviour, 3(5), 478–491. https://doi.org/10.1038/s41562019-0555-0
Ehring, T., Zetsche, U., Weidacker, K., Wahl, K., Schönfeld, S., & Ehlers,
A. (2011). The Perseverative Thinking Questionnaire (PTQ): Validation
of a content-independent measure of repetitive negative thinking. Journal of Behavior Therapy and Experimental Psychiatry, 42(2), 225–232.
https://doi.org/10.1016/j.jbtep.2010.12.003
Foa, E. B., Huppert, J. D., Leiberg, S., Langner, R., Kichic, R., Hajcak, G.,
& Salkovskis, P. M. (2002). The Obsessive-Compulsive Inventory: Development and validation of a short version. Psychological Assessment,
14(4), 485–496. https://doi.org/10.1037/1040-3590.14.4.485
Frost, R. O., Steketee, G., & Grisham, J. (2004). Measurement of compulsive hoarding: Saving inventory-revised. Behaviour Research and Therapy, 42(10), 1163–1182. https://doi.org/10.1016/j.brat.2003.07.006
Guttal, V., & Jayaprakash, C. (2008). Changing skewness: An early warning
signal of regime shifts in ecosystems. Ecology Letters, 11(5), 450–460.
https://doi.org/10.1111/j.1461-0248.2008.01160.x
Hankin, B. L., Snyder, H. R., Gulley, L. D., Schweizer, T. H., Bijttebier,
P., Nelis, S., Toh, G., & Vasey, M. W. (2016). Understanding comorbidity among internalizing problems: Integrating latent structural models of
psychopathology and risk mechanisms. Development and Psychopathology, 28(4pt1), 987–1012. https://doi.org/10.1017/S0954579416000663
Heimberg, R. G., Mueller, G. P., Holt, C. S., Hope, D. A., & Liebowitz,
M. R. (1992). Assessment of anxiety in social interaction and being
observed by others: The Social Interaction Anxiety Scale and the Social
Phobia Scale. Behavior Therapy, 23(1), 53–73. https://doi.org/10.1016/
S0005-7894(05)80308-9
Houben, M., Van Den Noortgate, W., & Kuppens, P. (2015). The relation
between short-term emotion dynamics and psychological well-being: A
meta-analysis. Psychological Bulletin, 141(4), 901–930. https://doi.org/
10.1037/a0038822
Hoyle, R. H. (1995). Structural equation modeling: Concepts, issues, and
applications. SAGE.
Huppert, J. D., Walther, M. R., Hajcak, G., Yadin, E., Foa, E. B., Simpson,
H. B., & Liebowitz, M. R. (2007). The OCI-R: Validation of the subscales in a clinical sample. Journal of Anxiety Disorders, 21(3),
394–406. https://doi.org/10.1016/j.janxdis.2006.05.006
Jacobi, F., Wittchen, H.-U., Hölting, C., Höfler, M., Pfister, H., Müller, N.,
& Lieb, R. (2004). Prevalence, co-morbidity and correlates of mental
disorders in the general population: Results from the German Health

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

DISTRIBUTION OF DAILY AFFECT
Interview and Examination Survey (GHS). Psychological Medicine,
34(4), 597–611. https://doi.org/10.1017/S0033291703001399
Jaso, B. A., Kraus, N. I., & Heller, A. S. (in press). Identification of careless responding in ecological momentary assessment research: From
post-hoc analyses to real-time data monitoring. Psychological Methods.
https://doi.org/10.1037/met0000312
Kagan, J., & Snidman, N. (1999). Early childhood predictors of adult anxiety disorders. Biological Psychiatry, 46(11), 1536–1541. https://doi.org/
10.1016/s0006-3223(99)00137-7
Kalokerinos, E. K., Murphy, S. C., Koval, P., Bailen, N. H., Crombez, G.,
Hollenstein, T., Gleeson, J., Thompson, R. J., Van Ryckeghem,
D. M. L., Kuppens, P., & Bastian, B. (2020). Neuroticism may not
reflect emotional variability. Proceedings of the National Academy of
Sciences of the United States of America, 117(17), 9270–9276. https://
doi.org/10.1073/pnas.1919934117
Kessler, R. C., Chiu, W. T., Demler, O., Merikangas, K. R., & Walters,
E. E. (2005). Prevalence, severity, and comorbidity of 12-month DSM–IV
disorders in the National Comorbidity Survey Replication. Archives of
General Psychiatry, 62(6), 617–627. https://doi.org/10.1001/archpsyc.62.6
.617
Keyes, K. M., Eaton, N. R., Krueger, R. F., Skodol, A. E., Wall, M. M.,
Grant, B., Siever, L. J., & Hasin, D. S. (2013). Thought disorder in the
meta-structure of psychopathology. Psychological Medicine, 43(8),
1673–1683. https://doi.org/10.1017/S0033291712002292
Kline, R. B. (2015). Principles and practice of structural equation modeling. Guilford Press.
Kotov, R., Krueger, R. F., Watson, D., Achenbach, T. M., Althoff, R. R.,
Bagby, R. M., Brown, T. A., Carpenter, W. T., Caspi, A., Clark, L. A.,
Eaton, N. R., Forbes, M. K., Forbush, K. T., Goldberg, D., Hasin, D.,
Hyman, S. E., Ivanova, M. Y., Lynam, D. R., Markon, K., . . .
Zimmerman, M. (2017). The Hierarchical Taxonomy of Psychopathology (HiTOP): A dimensional alternative to traditional nosologies. Journal of Abnormal Psychology, 126(4), 454–477. https://doi.org/10.1037/
abn0000258
Krijthe, J. H. (2015). Rtsne: T-distributed stochastic neighbor embedding
using Barnes-Hut implementation. R Package (Version 0.13) [Computer
software]. https://Github.Com/Jkrijthe/Rtsne
Kroenke, K., Spitzer, R. L., & Williams, J. B. W. (2001). The PHQ-9.
Journal of General Internal Medicine, 16(9), 606–613. https://doi.org/
10.1046/j.1525-1497.2001.016009606.x
Krueger, R. F., & Markon, K. E. (2006). Reinterpreting comorbidity: A
model-based approach to understanding and classifying psychopathology. Annual Review of Clinical Psychology, 2, 111–133. https://doi.org/
10.1146/annurev.clinpsy.2.022305.095213
Lahey, B. B., Applegate, B., Hakes, J. K., Zald, D. H., Hariri, A. R., &
Rathouz, P. J. (2012). Is there a general factor of prevalent psychopathology during adulthood? Journal of Abnormal Psychology, 121(4),
971–977. https://doi.org/10.1037/a0028355
Lapate, R. C., & Heller, A. S. (2020). Context matters for affective chronometry. Nature Human Behaviour, 4(7), 688–689. https://doi.org/10
.1038/s41562-020-0860-7
Mattick, R. P., & Clarke, J. C. (1998). Development and validation of
measures of social phobia scrutiny fear and social interaction anxiety.
Behaviour Research and Therapy, 36(4), 455–470. https://doi.org/10
.1016/S0005-7967(97)10031-6
McEvoy, P. M., Watson, H., Watkins, E. R., & Nathan, P. (2013). The
relationship between worry, rumination, and comorbidity: Evidence for repetitive negative thinking as a transdiagnostic construct. Journal of Affective Disorders, 151(1), 313–320. https://doi.org/10.1016/j.jad.2013.06.014
National Institute on Drug Abuse. (2012). Resource guide: Screening for
drug use in general medical settings. https://archives.drugabuse.gov/
publications/resource-guide-screening-drug-use-in-general-medicalsettings/introduction

13

Rosseel, Y. (2012). Lavaan: An R package for structural equation modeling and more (Version 0.5–12 BETA). Journal of Statistical Software,
48(2), 1–36. https://doi.org/10.18637/jss.v048.i02
Ruggero, C. J., Kotov, R., Hopwood, C. J., First, M., Clark, L. A., Skodol,
A. E., Mullins-Sweatt, S. N., Patrick, C. J., Bach, B., Cicero, D. C.,
Docherty, A., Simms, L. J., Bagby, R. M., Krueger, R. F., Callahan,
J. L., Chmielewski, M., Conway, C. C., De Clercq, B., DornbachBender, A., . . . Zimmermann, J. (2019). Integrating the Hierarchical
Taxonomy of Psychopathology (HiTOP) into clinical practice. Journal
of Consulting and Clinical Psychology, 87(12), 1069–1084. https://doi
.org/10.1037/ccp0000452
Santangelo, P., Reinhard, I., Mussgay, L., Steil, R., Sawitzki, G., Klein, C.,
Trull, T. J., Bohus, M., & Ebner-Priemer, U. W. (2014). Specificity of
affective instability in patients with borderline personality disorder compared to posttraumatic stress disorder, bulimia nervosa, and healthy controls. Journal of Abnormal Psychology, 123(1), 258–272. https://doi.org/
10.1037/a0035619
Scheffer, M., Carpenter, S. R., Lenton, T. M., Bascompte, J., Brock, W.,
Dakos, V., van de Koppel, J., van de Leemput, I. A., Levin, S. A., van
Nes, E. H., Pascual, M., & Vandermeer, J. (2012). Anticipating critical
transitions. Science, 338(6105), 344–348. https://doi.org/10.1126/science
.1225244
Scott, L. N., Victor, S. E., Kaufman, E. A., Beeney, J. E., Byrd, A. L.,
Vine, V., Pilkonis, P. A., & Stepp, S. D. (2020). Affective dynamics
across internalizing and externalizing dimensions of psychopathology.
Clinical Psychological Science, 8(3), 412–427. https://doi.org/10.1177/
2167702619898802
Spitzer, R. L., Kroenke, K., & Williams, J. B. W. (1999). Validation and
utility of a self-report version of PRIME-MD: The PHQ Primary Care
Study. Journal of the American Medical Association, 282(18),
1737–1744. https://doi.org/10.1001/jama.282.18.1737
Spitzer, R. L., Kroenke, K., Williams, J. B. W., & Löwe, B. (2006). A brief
measure for assessing generalized anxiety disorder: The GAD-7. Archives of Internal Medicine, 166(10), 1092–1097. https://doi.org/10
.1001/archinte.166.10.1092
Suárez-Alvarez, J., Pedrosa, I., Lozano Fernández, L. M., García-Cueto,
E., Cuesta, M., & Muñiz, J. (2018). Using reversed items in Likert
scales: A questionable practice Psicothema, 30(2), 149–158. https://doi
.org/10.7334/psicothema2018.33
Thompson, R. J., Mata, J., Jaeggi, S. M., Buschkuehl, M., Jonides, J., &
Gotlib, I. H. (2012). The everyday emotional experience of adults with
major depressive disorder: Examining emotional instability, inertia, and
reactivity. Journal of Abnormal Psychology, 121(4), 819–829. https://
doi.org/10.1037/a0027978
Timpano, K. R., Rasmussen, J. L., Exner, C., Rief, W., & Wilhelm, S.
(2014). The association between metacognitions, the obsessive compulsive symptom dimensions and hoarding: A focus on specificity. Journal
of Obsessive-Compulsive and Related Disorders, 3(2), 188–194. https://
doi.org/10.1016/j.jocrd.2013.10.001
Trull, T. J., & Ebner-Priemer, U. (2013). Ambulatory assessment. Annual
Review of Clinical Psychology, 9(1), 151–176. https://doi.org/10.1146/
annurev-clinpsy-050212-185510
Trull, T. J., Lane, S. P., Koval, P., & Ebner-Priemer, U. W. (2015). Affective dynamics in psychopathology. Emotion Review, 7(4), 355–361.
https://doi.org/10.1177/1754073915590617
van de Leemput, I. A., Wichers, M., Cramer, A. O. J., Borsboom, D.,
Tuerlinckx, F., Kuppens, P., van Nes, E. H., Viechtbauer, W., Giltay,
E. J., Aggen, S. H., Derom, C., Jacobs, N., Kendler, K. S., van der
Maas, H. L. J., Neale, M. C., Peeters, F., Thiery, E., Zachar, P., &
Scheffer, M. (2014). Critical slowing down as early warning for the
onset and termination of depression. Proceedings of the National Academy of Sciences of the United States of America, 111(1), 87–92. https://
doi.org/10.1073/pnas.1312114110

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

14

HELLER, STAMATIS, PUCCETTI, AND TIMPANO

Villano, W. J., Otto, A. R., Ezie, C. E. C., Gillis, R., & Heller, A. S.
(2020). Temporal dynamics of real-world emotion are more strongly linked
to prediction error than outcome. Journal of Experimental Psychology:
General, 149(9), 1755–1766. https://doi.org/10.1037/xge0000740
Vuillier, L., Brooks, A. W., & Norton, M. I. (2018). Amount and diversity
of digital emotional expression predicts happiness. Harvard Business
School.
Watson, D., & Clark, L. A. (1984). Negative affectivity: The disposition to
experience aversive emotional states. Psychological Bulletin, 96(3),
465–490.
Watson, D., & Clark, L. A. (1994). The PANAS-X: Manual for the positive
and negative affect schedule-expanded form. University of Iowa. https://
doi.org/10.17077/48vt-m4t2
World Health Organization. (2018). International classification of diseases
for mortality and morbidity statistics (11th Revision). https://www.who
.int/standards/classifications/classification-of-diseases
Wright, A. G. C., Beltz, A. M., Gates, K. M., Molenaar, P. C. M., &
Simms, L. J. (2015). Examining the dynamic structure of daily

internalizing and externalizing behavior at multiple levels of analysis.
Frontiers in Psychology, 6, 1914. https://doi.org/10.3389/fpsyg.2015
.01914
Wright, A. G. C., & Woods, W. C. (2020). Personalized models of psychopathology. Annual Review of Clinical Psychology, 16(1), 49–74. https://
doi.org/10.1146/annurev-clinpsy-102419-125032
Wu, K. D., & Watson, D. (2003). Further investigation of the ObsessiveCompulsive Inventory: Psychometric analysis in two non-clinical samples. Journal of Anxiety Disorders, 17(3), 305–319. https://doi.org/10
.1016/s0887-6185(02)00234-7
Zachar, P. (2009). Psychiatric comorbidity: More than a Kuhnian anomaly.
Philosophy, Psychiatry, & Psychology, 16(1), 13–22.

Received May 26, 2020
Revision received December 11, 2020
Accepted December 30, 2020

n

