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Abstract

The association between depression and neuroticism is complex, but due to the difficulty in
assessing neuroticism during mood episodes, the mechanisms underlying this relationship remain
poorly understood. In this study, we sought to decompose neuroticism into finer-grained elements
that were uncorrelated with psychiatric symptoms and to examine the incremental validity of those
elements in explaining deficits in interpersonal functioning. A bifactor model with one general
factor and six specific factors fit the data well in both a depressed (A=807) and a community
(NV=1,284) sample, and the specific factors were relatively independent of acute symptoms.
Moreover, two specific factors (Angry Hostility and Self-Consciousness) accounted for
incremental variance in interpersonal functioning problems in the community sample and in a
subgroup of depressed participants. The results demonstrate that neuroticism can be decomposed
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into components that are distinct from symptoms and that are incrementally associated with
deficits in interpersonal functioning.
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The relationship between neuroticism and depression is complex. Neuroticism is often
correlated with depressive symptoms (Rosellini & Brown, 2011) and frequently identified as
a vulnerability factor for the development of depressive episodes (see, Bagby, Psych, Quilty,
& Ryder, 2008; Kotov, Gamez, Schmidt, & Watson, 2010). At the same time, substantial
individual differences in neuroticism exist among depressed people, and these differences
have consequences. Bagby and colleagues (2008), for example, observed that higher
baseline neuroticism among depressed adults was associated with superior response to
selective serotonin reuptake inhibitor (SSRI) medication compared to cognitive therapy (CT)
(a pattern that was conceptually replicated by Fournier and colleagues [2008] using frank
personality disorder diagnosis rather than neuroticism to index personality pathology).
Furthermore, there is evidence that SSRIs reduce levels of neuroticism itself, independent of
changes in psychiatric symptoms (Quilty, Meusel, & Bagby, 2008; Tang et al., 2009). The
mechanisms through which maladaptive personality features like neuroticism affect and are
affected by treatments for depression, however, are currently unknown.

The core challenge in examining the mechanisms through which neuroticism and its
components impact treatment stems from the difficulty in assessing personality functioning
during an acute depressive episode. Without information about an individual's personality
prior to the onset of a depressive episode, it is difficult to separate the unique effects of trait-
like personality functioning from state increases in psychiatric symptoms and distress when
both are measured concurrently. This issue has long burdened the field (Hirschfeld et al.,
1983; Watson & Clark, 1995; Widiger & Trull, 1992), and it reflects the fact that scores on
personality measures can appear more pathological during a depressive episode than prior to
the episode’s onset or following remission. This is due in part to the substantial conceptual
and item overlap between measures of symptom severity and measures of neuroticism.
Furthermore, the negative information processing biases associated with depression (Gotlib
& Joormann, 2010) may color responses on self-report measures of personality and distort
genuine trait-like patterns of functioning. At the same time, the fact that levels of
neuroticism, and not symptom severity, predict differential response between distinct
modalities of treatment, combined with findings suggesting that neuroticism itself can be
differentially impacted by particular treatments over and above changes in symptoms,
signals that measures of neuroticism are capturing something important for understanding
underlying pathology, even when assessed during an acute depressive episode (Santor,
Bagby, & Joffe, 1997). The goal of the current study was to identify components of
neuroticism that can be separated from concurrent symptom severity and to examine
whether those components are incrementally associated with meaningful domains of
functioning over and above current symptoms.
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The meaning of neuroticism has evolved from early accounts by Eysenck and colleagues
who used the term to reflect a propensity for emotional instability, mediated by hyperactivity
in limbic regions in response to stress (Eysenck, 1967), to include the tendency to
experience negative affect more broadly and to have difficulty regulating emotional
experience (e.g., Barlow, Ellard, Sauer-Zavala, Bullis, & Carl, 2014; Costa & McCrae, 1992;
Ormel et al., 2013). Costa and McCrae (1992), the developers of the popular family of NEO
instruments for measuring neuroticism (i.e., NEO PI, NEO PI-R and the NEO-3), suggest
that it is composed of six lower-order facets: Anxiety, Angry hostility, Depression, Self-
consciousness, Impulsiveness, and Vulnerability. Their proposed structure, however, has
received only limited support when examined by independent researchers (Endler,
Rutherford, & Denisoff, 1997). Recognizing the lack of agreement regarding the facet
structure of the Five-Factor Model (FFM) of personality, Naragon-Gainey and Watson
(2014) used exploratory factor analyses on a number of personality measures to derive a
consensual definition of the facets of the FFM. For the Neuroticism domain, they identified
three facets: Anxiety, comprised of the Anxiety, Self-consciousness, and Vulnerability facets
of the NEO PI, along with factors from other measures that tapped anxiety, cooperativeness,
and stress reactivity; Anger, comprised of the Angry hostility and Impulsiveness facets of
the NEO PI, along with negative loadings from factors from other instruments assessing
even-temperedness, empathy, and calmness; and Depression, comprised of the Depression
facet from the NEO PI along with depression-related factors from other instruments. They
argued that the Depression facet operates as an additional measure of symptomatology,
suggesting that neuroticism may best be understood as having two components, one
associated with anxiety and vulnerability to emotional stress and the other representing
irritability, anger, and hostility. The notion that neuroticism is divisible into two components
is consistent with work identifying two genetic factors associated with neuroticism (Jang,
Livesley, Angleitner, Riemann, & Vernon, 2002) and with the results of DeYoung and
colleagues (2007) who argued that the structure of neuroticism includes two intermediate
aspects existing at a middle level between the lower order facets and the higher order
personality domains. The two aspects they identified, Withdrawal and \Volatility, are similar
to the Anxiety and Anger factors described above (although the Withdrawal aspect contained
items representing depression whereas the Anxiety factor did not).

To understand the mechanisms through which neuroticism affects and is affected by
treatments, there is a pressing need to identify precisely what it is that measures of
neuroticism are capturing during an acute depressive episode, to disentangle the components
of neuroticism from symptom-related distress, and to determine which specific features are
influencing the observed treatment effects. Such work would not only provide valuable
information about the nature of personality function when assessed during acute depressive
episodes, but it would also allow researchers to examine causal relationships between the
personality and symptom dimensions as each changes over time, to examine the independent
influences of personality and symptom dimensions on broader domains of functioning, and
to examine the independent biological and neurofunctional correlates of the personality and
symptom dimensions so that relevant treatment targets might be identified.

Bifactor measurement models offer one way to identify unique and distinctive components
of neuroticism that may be independent of depressive symptoms, even when measures of
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personality and psychiatric symptoms are administered concurrently (Uliaszek et al., 2009).
Bifactor models decompose the variance associated with a measure such that a general factor
accounts for the common variance that underlies responses to all of the items, and additional
specific factors (also called grouping factors) account for the remaining variance attributable
to subsets of the items (Reise, 2012; Reise, Moore, & Haviland, 2010). As such, bifactor
models make different assumptions about the structure of a domain compared to more
standard factor models. For many psychological constructs, like neuroticism, there is a
tension between whether the domain in question represents one, unidimensional entity or
whether there are separable facets of the domain that can provide important incremental
information over and above its most central feature (Reise et al., 2010). In a standard
confirmatory factor model, the common variance across a measure is spread across all of the
factors in the structure, and a higher-order factor can be included to represent the underlying
general domain that gives rise to those correlations. By contrast, bifactor models assume that
both the general factor and the specific factors have direct and independent effects on the
observed data (Murray & Johnson, 2013). Higher-order and bifactor models share the
feature that both contain a representation of a general domain, but in higher-order models,
the effects of the higher-order general factor on the observed item scores are fully mediated
by the lower-order factors. In bifactor models, these relationships are direct (Beaujean,
Parkin, & Parker, 2014; Murray & Johnson, 2013; Reise et al., 2010). One consequence of
this distinction is that for the higher-order models, the lower-order factors represent a
mixture of common and specific variance (Beaujean et al., 2014; Reise et al., 2010). As
such, features of these factors, such as their reliability and their correlations with external
variables, reflect an admixture of the general domain and the specific variance due to the
circumscribed feature in question (Reise et al., 2010). By contrast, bifactor models
instantiate a complete decoupling of the specific components of a domain from whatever is
common across the observed responses. As such, bifactor models provide researchers a set
of conservative tests not available with standard higher-order factor models. First, they can
be used to determine what, if anything, is left over beyond the common variance that runs
across a measure of a domain. That is, they can be used to determine whether there are
nonignorable subcomponents of the domain that cannot be captured by a unidimensional
score representing what all of the items on the measure have in common. Second, they can
identify which items are strongly associated with the common element of the domain and
which are more strongly associated with a specific subcomponent. Finally, and most notably,
they can be used to determine whether the specific subcomponents provide additional
information about an external variable, e.g., an individual's functioning, over and above the
common element representing the domain's most central feature (Benson, Kranzler, &
Floyd, 2016; Chen, West, & Sousa, 2006).

The goals of the current study were (a) to determine whether meaningful subcomponents of
neuroticism could be separated from concurrent symptoms of depression and anxiety and (b)
to determine whether those subcomponents were associated with functioning, over and
above acute symptoms. Given the associations between total neuroticism scores and
psychiatric symptoms (Rosellini & Brown, 2011), we accomplished the first goal by fitting
bifactor models to a popular measure of neuroticism, the NEO PI-R, to determine whether
sufficient variance existed to form specific factors once the common variance across the
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measure had been taken into account. We predicted that the general neuroticism factor from
these models, representing the common variance, would capture the associations with
symptoms of depression and anxiety, whereas the specific factors would be relatively
unrelated to symptoms. To address the second goal, we examined whether the specific
factors that we identified were incrementally associated with deficits in interpersonal
functioning. We chose to examine interpersonal functioning as our validity criterion given
the pivotal role that interpersonal functioning plays in theories about both the liability to
depression and the course of the illness once it develops (Aaron T. Beck, Epstein, &
Harrison, 1983; Blatt, Shahar, & Zuroff, 2001). Problems in interpersonal functioning are
well-documented among depressed individuals (Barrett & Barber, 2007; Cain et al., 2012;
Dawood, Thomas, Wright, & Hopwood, 2013; Hames, Hagan, & Joiner, 2013), and one of
the empirically supported psychotherapies for depression, interpersonal psychotherapy,
specifically targets interpersonal functioning problems to improve depressive symptoms
(Klerman, Weissman, Rounsaville, & Chevron, 1984).

In the current study we tested three bifactor models: one based on the original six facet
proposal of Costa and McCrae (1992) and two representations of the two-factor model
described above (DeYoung et al., 2007; Naragon-Gainey & Watson, 2014). We hypothesized
1) that the portion of the structure representing the common variance across the items, the
general factor, would correlate with standard symptom measures. By contrast, we
hypothesized 2) that sufficient residual variance would exist to form coherent specific
factors, 3) that those specific factors would be relatively independent of current psychiatric
symptoms, and finally 4) that the specific factors would be incrementally associated with
measures of interpersonal functioning deficits. Given recent concerns regarding replicability
in social science research (e.g., Pashler & Wagenmakers, 2012; Tackett et al., 2017), our
secondary aim was to replicate the observed findings across two separate, independent
samples — one comprised of depressed adults and the other a community sample of
individuals displaying the full range of symptom presentations from psychological health to
acute mental illness.

Depression Sample.—Data for the depression sample were collected at two sites, the
University of Toronto/Centre for Addiction and Mental Health and the University of
Pittsburgh. All participants (A=807) were diagnosed using the Structured Clinical Interview
for DSM-IV Axis | Disorders with a current depression spectrum disorder (major depressive
disorder, dysthymic disorder, or depressive disorder not-otherwise-specified). The Toronto
sample (AV=748) was part of a larger research database comprised of data aggregated across
multiple, smaller studies (see, Tackett, Quilty, Sellbom, Rector, & Bagby, 2008 for
additional details). The majority (#7=551) entered the database as part of treatment trials; a
smaller number (7=147) entered from other clinical research studies; and a small number
(m=50) entered following clinical assessments. Participants from the Pittsburgh site (7=59)
were a sub-sample from a larger study of emotional and interpersonal functioning among
individuals across the spectrum of severity of borderline personality disorder (Scott et al.,
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2013). Formal borderline personality diagnosis was not required for entry into the larger
study, and only 17% of the larger sample received that diagnosis (Wright, Scott, Stepp,
Hallquist, & Pilkonis, 2015). Thus, the combined sample represents a diverse collection of
participants with depression from a variety of clinical research settings.

The majority of participants were female (62%), and the average age was 40 (SD=11). Most
carried diagnoses of major depressive disorder (97%), whereas smaller numbers were
diagnosed with dysthymic disorder (2.6%), and depressive disorder not-otherwise-specified
(0.4%). The majority of participants were unmarried (63%), and most had received some
form of post-secondary education (76%). See Supplemental Table 1 for additional
information.

Community Sample.—The second sample was derived from the University of Pittsburgh
Adult Health and Behavior (AHAB) project (Manuck, Phillips, Gianaros, Flory, & Muldoon,
2010). The AHAB project represents a registry of 1,295 midlife (30-54 years of age)
community volunteers who provided interview, questionnaire, behavioral, and biological
data. AHAB participants were recruited through mass mailings in Southwestern
Pennsylvania. Exclusion criteria for the larger AHAB project have been described in detail
elsewhere (Erickson et al., 2013; Manuck et al., 2010). The only psychiatric exclusion for
the AHAB project was the presence of a psychotic-spectrum disorder. For the current study,
we included all individuals from the AHAB project who provided data on the NEO PI-R
(NV=1,284). The gender ratio in the AHAB sample was roughly balanced (53% female), and
the average age was 45 (SD=7). The majority of participants were married (65%), and most
had received some form of post-secondary education (87%). The majority of participants
(80%) did not meet criteria for any Axis-I diagnosis, and only a small percentage (1%) were
diagnosed with a current depression spectrum disorder. Thus, the sample represented a
heterogeneous mixture of psychiatrically healthy individuals as well as individuals with a
variety of psychiatric disorders. See Supplemental Table 1 for additional information.

Participation was voluntary, and all participants provided written informed consent.
Research methods were approved by the relevant Institutional Review Board at each site and
were carried out in accordance with the World Medical Association Declaration of Helsinki.

Clinical and Personality Measures.—In the depression sample, depression symptom
severity was assessed using the 17-item version of the Hamilton Rating Scale for Depression
(HRSD, Hamilton, 1960). Across the separate smaller studies aggregated at the Toronto site,
evaluations were conducted by individuals with a variety of roles on the respective studies,
including clinical evaluators, trained research coordinators, and in some cases, research
clinicians. At the Pittsburgh site, evaluations were conducted by blinded clinical
interviewers. In the Pittsburgh depression sample, anxiety was assessed using the Hamilton
Rating Scale for Anxiety (HRSA, Hamilton, 1959); at the Toronto site, anxiety was assessed
using the total count of threshold-level symptoms from the anxiety disorders subsection
(Section F) of the Structured Clinical Interview for DSM-1V Disorders (SCID, First, Spitzer,
Gibbon, Willians, & Benjamin, 1995). In the community sample, depression symptoms were
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assessed using the Beck Depression Inventory (BDI, A.T. Beck, Steer, & Brown, 1996).
Concurrent state anxiety was not assessed in the community sample. All participants in both
samples completed the Revised NEO Personality Inventory (NEO-PI-R, Costa & McCrae,
1992), a 240-item self-report inventory that measures the constructs associated with the
Five-Factor Model of personality. Analyses focused on the 48 items in the neuroticism scale.
Negatively keyed items were reverse coded.

Statistical Approach.—Ratings on NEO PI-R items were treated as ordered categories,
and polychoric correlations were used to estimate models (Holgado-Tello, Chacdén-Moscoso,
Barbero-Garcia, & Vila-Abad, 2010). All measurement models were confirmatory, such that
all cross-loadings were set to zero, and all models were estimated using Mplus (Mersion 7.2)
with the robust weighted least squares with mean and variance adjustment (WLSMV)
estimator (Muthen & Muthen, 2012). Five models of the structure of neuroticism in
depression were examined - two standard confirmatory factor analytic (CFA) models and
three confirmatory bifactor models. The standard CFA models were examined to provide a
basis for comparison and are reported for descriptive purposes. The first (Model 1) examined
a simple one-factor solution in which all 48 items of the neuroticism scale loaded on a single
latent variable. The second (Model 2) examined the original six-facet structure of
neuroticism proposed by Costa and McCrae (1992), with the facets freed to correlate. To
examine the study’s primary hypotheses, we estimated three fully orthogonal bifactor
models. The first of these (Model 3) tested a version of the two-factor conceptualization of
neuroticism described above. It incorporated a general factor that we labeled Negative
Affectivity to capture the common variance across all items, and two specific factors, one
representing Emotional Vulnerability (comprised of items from the Anxiety, Depression,
Self-consciousness, and Vulnerability facets) and the other representing Volatility
(containing items from the Angry-hostility and Impulsiveness facets). The second bifactor
model (Model 4) was similar to Model 3, but, in accordance with the findings of Naragon-
Gainey and Watson (2014), items from the original Depression subscale were separated to
form a third specific factor. The final bifactor model (Model 5) contained a general Negative
Affectivity factor and six specific factors, one each for the six facets of neuroticism. For the
sake of comparisons with prior literature, we retained the names of the original facets for the
six specific factors in this model.

Model fit was assessed using the comparative fit index (CFI, Bentler, 1990), the Tucker-
Lewis index (TLI, Tucker & Lewis, 1973) and the root mean square error of approximation
(RMSEA, Steiger & Lind, 1980). Values grater than 0.90 for the CFl and TLI (Bentler,
1990; Hu & Bentler, 1999) and RMSEA values less than 0.08 are commonly taken to reflect
adequate fit (Marsh, Hau, & Wen, 2004). To ensure an interpretable model, we also
examined the magnitude of factor loadings. Once the best-fitting bifactor model was
selected, we assessed the proportion of the total common variance that could be explained
by the general factor and the proportion remaining that could be explained by the specific
factors (Reise, Scheines, Widaman, & Haviland, 2012). Factor score determinacy,
representing the correlation between a factor score estimate and the latent construct it
assesses (Gorsuch, 1983), was also calculated (Rodriguez, Reise, & Haviland, 2015. See the
Supplement for a discussion of additional bifactor indices.). In order to evaluate the
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generalizability of the best-fitting bifactor model, the same statistical approach described
above was used in both the depression and the community samples. Finally, factor
congruencies (Lorenzo-Seva & ten Berge, 2006) were calculated to evaluate the similarity
between the best-fitting bifactor solutions from the two samples.

Criterion Validity.—Primary validity analyses of the best-fitting bifactor model were
conducted using data from the community sample, which completed the 32-item Inventory
of Interpersonal Problems (11P) short form (Soldz, Budman, Demby, & Merry, 1995). To
provide preliminary evidence about whether the patterns observed in the community sample
replicated in a clinical sample, additional analyses, reported in the Supplement, were
conducted with a small subset of data from the Pittsburgh site of the depression sample
(n=59) who completed the 127-item version of the IIP (Horowitz, Rosenberg, Baer, Urefio,
& Villasefior, 1988). The IIP tools are well-validated, self-report measures of distress
resulting from interpersonal causes. Validity analyses focused on the five scales from the 1P
identified by Pilkonis and colleagues (1996) as having particular relevance to patients with
personality pathology: /nterpersonal Sensitivity, reflecting emotional reactivity to criticism;
Interpersonal Ambivalence, representing difficulty in joining with others to advance a goal;
Aggression, tapping hostility towards others; Need for Social Approval, reflecting anxiety
about others’ evaluations; and Lack of Sociability, representing reticence and distress when
interacting with others. Separate structural equation models were used to estimate
associations with each of the IIP factors in the community sample. Each model
simultaneously examined the contribution of the general factor and all of the specific factors,
while controlling for concurrently assessed depression symptoms. We chose this modelling
strategy in order to provide a strict test of the incremental validity of each of the specific
factors. To ensure that that any observed relationships were not simply the result of residual
correlations with the remaining domains of the Five Factor Model of personality, we added
the remaining four domains of the Five Factor Model (Extraversion, Conscientiousness,
Openness, and Agreeableness) as additional covariates in secondary analyses of data from
the community sample. Finally, tertiary analyses examined the interpersonal circumplex
scales from the IIP in the community sample (see the Supplement).

Depression Sample

As expected, neuroticism levels were high in the depression sample, M=119.55, SD=23.73
(approximately 2 SD above the population average), but the variability and range (50-181)
were substantial, suggesting large individual differences. Average depression symptoms
(HRSD) were in the moderate-to-severe range, M=18.67 SD=6.54, average HRSA anxiety
symptoms at the Pittsburgh site were in the mild-to-moderate range, M=21.93 SD=8.30, and
the mean number of anxiety disorder criteria endorsed at the Toronto site was M=6.28
SD=7.02 (this variable was non-normally distributed with Medjan=4 and Mode=0).

Model fit.—The fit statistics for each model are displayed in Table 1. For comparative

purposes, we first display the fit statistics for the standard CFA models and note that these
failed to meet standard thresholds for adequate fit. Next, we display the fit indices of the
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three orthogonal bifactor models. The fit of the first two bifactor models (Models 3 & 4),
which included a general factor and two specific factors representing Emotional
Vulnerability and Volatility (Model 4 additionally included a separate Depression specific
factor), likewise failed to meet standard thresholds for adequate fit. Moreover, the loadings
of the relevant items on the Emotional Vulnerability specific factors for each of these
bifactor models were generally quite small, with few items loading > 10.301 (see
Supplemental Tables 2-5 for the factor structures of Models 1-4). By contrast, the final
bifactor model, which included one general factor and six specific factors for the original six
neuroticism facets (Model 5, Table 2), had good fit to the data.

Salient factor loadings.—The factor loadings of the final model are displayed in Table 2.
All but three items from the original Anxiety, Angry hostility, Depression, Self-
consciousness, and Vulnerability facets had strong loadings on the general Negative
Affectivity factor. By contrast, only three items from the original Impulsiveness facet loaded
on the general factor. For five of the six specific factors, at least four items from the original
facet had salient loadings on the relevant specific factor. The exception was the Vulnerability
specific factor, on which only two items from the original facet loaded. The remaining items
had weak loadings on the Vulnerability specific factor, with most <0.20.

A primary question in the current study concerned whether the specific factors from the
best-fitting bifactor model were independent of current symptom severity. Table 3 displays
the correlations between the original unit-weighted neuroticism scores (total and facet-level
scores) and symptoms of depression and anxiety. Significant, positive correlations were
observed between depression symptoms and standard, unit-weighted neuroticism total and
facet scores. The same pattern was observed for correlations with anxiety symptoms, with
the exception of the Impulsiveness facet, which was not significantly correlated with anxiety.
Table 3 also displays the corresponding correlations between the elements of the bifactor
model and symptom scores. For both symptom types, the correlation between total
neuroticism score and symptoms was largely captured in the bifactor model structure by the
general Negative Affectivity factor, as hypothesized. That is, the correlation between the
general Negative Affectivity factor and each symptom type was similar to the corresponding
correlation between the standard, united-weighted neuroticism total score and each symptom
type. By contrast, the correlations between the specific factors and symptoms were
substantially reduced. No significant positive correlations were observed between the
specific factors and depression symptoms, and the only significant associations observed
with depression symptoms were small and negative. Together, these patterns suggest that
when the common variance across the items of the NEO-PI-R is represented in a general
factor, the unique elements that remain capture elements of individual differences that are
distinct from acute symptoms of depression. This pattern is particularly notable for the
Depression specific factor. The lack of residual associations with depressive symptoms
suggests that the majority of variance in depressivity is captured by the general factor.

Regarding associations with anxiety symptoms, we observed a small, significant positive
association between the Anxiety specific factor and SCID-rated anxiety symptom counts in
the larger of the two subsamples of the depression sample (Table 3). This suggests that after
parceling out the common variance, the Anxiety specific factor captures some information
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about concurrent anxiety disorder symptoms, whereas the remaining specific factors are
relatively independent from these symptoms. However, we did not observe significant
associations with anxiety symptoms in the smaller subsample from the Pittsburgh site (see
the Supplement). Ultimately, all specific factor associations with both depression and
anxiety symptoms were small (i.e., < 10.20l).

Variance explained and factor determinacy.—A high percentage of variance
(wH=0.87) in standard, unit-weighted neuroticism total scores can be attributed to individual
differences on the general Negative Affectivity factor; however, the general factor accounted
for only 60% of the total reliable variance among the items. This indicates that a substantial
portion of reliable variance remained for the formation of the residual specific factors. Factor
score determinacies were: general Negative Affectivity factor (0.96), Anxiety specific factor
(0.76), Angry Hostility specific factor (0.89), Depression specific factor (0.74), Self-
Consciousness specific factor (0.77), Impulsiveness specific factor (0.88), and Vulnerability
specific factor (0.91).

Community Sample

In the community sample, average neuroticism levels were closer to population norms
(M=74.32, SD=23.22), and a wide range of scores was observed (range=10-151). Average
BDI depression scores (M=4.03, SD=4.76) were low, as expected given the low percentage
of participants in the sample who met criteria for a diagnosable depressive illness. See
Supplemental Table 1 for individual facet scores and additional details.

Model Fit.—As reported in Table 1, the pattern of model fit statistics in the community
sample was quite similar to that in the depression sample. As was the case for the depression
sample, the fit indices for the first two bifactor models did not meet standard cut-off criteria,
and the majority of the loadings on the specific factors in those models were < 10.30I. The
best fitting bifactor model, and the only model in which all fit statistics were in acceptable
ranges, was Model 5 — the bifactor structure with one general negative affectivity factor and
six specific factors for each of the six original neuroticism facets. Table 2 displays the
loadings of the best fitting model (Model 5) in the community sample. The pattern of
loadings was similar between the depression and community samples for the majority of the
specific factors. As was the case in the depression sample, the impulsiveness specific factor
appeared to be the most distinct from the general factor, with only four of the eight items
contributing salient loadings to the general factor. The largest discrepancy between the two
samples occurred with the depression specific factor, on which only two items had loadings
> 0.30 and the majority had loadings < 0.20 in the community sample. The similarity of the
bifactor solutions in the two samples was reflected in strong factor congruency estimates,
which were > 0.95 for all the specific factors with the exception of the depression specific
factor (congruency = 0.75). Congruence values in this range (= 0.95) suggest that the two
factors being compared are essentially equivalent (Lorenzo-Seva & ten Berge, 2006).1

1The factor solutions for the best fitting bifactor models in both samples contained a small number of items with negative loadings.
We re-estimated the models in both samples, setting these negative loading items to zero, and we observed that the resulting solutions
were nearly identical to those presented in Table 2. Congruencies between the original solutions and the modified solutions were 1.00
for all elements of the structure across both samples, with the exception of the depression specific factor in the community sample
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In the community sample, the general Negative Affectivity factor accounted for 66% of the
total common reliable variance among the items. As was the case in the depression sample,
this suggests that sufficient reliable variance remained for the formation of the residual
specific factors. Factor determinacies were more varied in the community sample and ranged
from 0.74-0.97 (Table 2).

Separation from Symptomatic Distress.—As in the depression sample, the bifactor
modeling approach in the community sample yielded a solution in which the specific factors
were relatively independent of concurrent depressive symptomatic distress. As displayed in
Table 3, the correlation between neuroticism total scores and depression symptoms in the
community sample was high (/=0.50), as were the correlations between the original
neuroticism facet scales and depression symptoms (75=0.30-0.51). As in the depression
sample, these relationships were largely captured in the bifactor model by the general factor
(r=0.52), whereas the correlations between the specific factors and symptoms were small
and substantially lower than the correlations observed for the original facet scores. Given the
larger sample size compared to the original depression sample, we were able to detect a
significant, small relationship (r=0.11) between the depression specific factor and symptoms
of depression, and small negative relationships (s5<—0.11) between the anxiety, self-
consciousness, and vulnerability specific factors and depression symptoms. As with the
clinical sample, all specific factor associations with symptoms were small (i.e., < 10.201).

Criterion Validity

Table 4 displays the associations in the community sample between each of the elements of
the best fitting bifactor model and the scales of the I1P, controlling for symptoms of
depression and all other parts of the structure. Given the large size of the sample, we had
substantial power to detect even subtle effects. Focusing on larger effects, 181s>0.30, we
observed that the general Negative Affectivity factor was associated with the Interpersonal
Sensitivity, Need for Approval, and Lack of Sociability 1P sub-scales. In addition, two
specific factors (Angry Hostility and Self-consciousness) demonstrated significant,
incremental associations with 1P subscale scores, controlling for symptoms of depression,
general negative affectivity, and scores on each of the other specific factors. The Self-
Consciousness specific factor explained additional variance in the Interpersonal Sensitivity,
Need for Approval, and Lack of Sociability I1P factors, whereas the Angry Hostility specific
factor explained additional variance in Aggression (Table 4). Recognizing that these patterns
might simply represent residual associations between the specific factors and the remaining
four domains of the Five Factor Model of Personality (Openness, Conscientiousness,
Extraversion, and Agreeableness), we re-estimated these models controlling also for total
scores from these domains. The associations between the Self-Consciousness and Angry-
Hostility specific factors and interpersonal functioning remained strong and significant
(Self-Consciousness and Interpersonal Sensitivity, B=0.29, p<0.001, Need for Approval,
B=0.25, p<0.001, Lack of Sociability, B=0.27, p<0.001; Angry-Hostility and Aggression,
B=0.37, p<0.001, see Supplement for complete model results). Results of the validity

(congruency=0.97), which contained three items that were modified. Given the similarity between the original and modified solutions,
we elected to retain the original solution.
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analysis in a small subset (7=59) of the depression sample largely replicated these patterns
of associations (see the Supplement for the results in this sample as well as for relationships
between elements of the bifactor structure and the octants of the 1P circumplex scales
within the community sample).

Discussion

We used bifactor measurement models to examine the structure of neuroticism to identify
unique elements of the structure that are independent of depression and anxiety symptoms.
Using data from the NEO PI-R, we observed that a bifactor model with one general factor
and six specific factors, representing the six facets proposed by the developers of the NEO
PI-R, fit well and better than alternative bifactor models both in a sample of depressed
individuals and in a separate sample of community dwelling adults. Not only were the
congruencies between the solutions in the two samples strong, but we also observed that in
both samples, the general factor captured much of the association between neuroticism and
measures of acute symptoms, whereas the six residual specific factors were relatively
independent of symptoms. Finally, and most importantly, we observed replicated evidence
that certain of the specific factors accounted for additional variance in particular domains of
interpersonal functioning over-and-above general negative affectivity and acute psychiatric
symptoms.

The best fitting model suggested that although a strong general factor was observed,
sufficient reliable residual variance remained to form meaningful specific factors. This result
has important implications for the structure of neuroticism, as it suggests that there are
nonignorable subcomponents of the domain that cannot be captured adequately by the
common element of negative affectivity. The general Negative Affectivity factor was
composed of loadings from the majority of items from five of the six original neuroticism
facets. The notable exception was the Impulsiveness facet where the loadings on the general
factor from items representing the original Impulsiveness facet were small, suggesting that
the general factor is capturing something distinct from impulsivity, at least as measured by
the NEO PI-R. The general Negative Affectivity factor was associated with symptoms of
depression and anxiety, and the strength of these relationships were similar to that observed
for standard unit-weighted neuroticism total scores. This suggests that the general Negative
Affectivity factor captured much of the association between neuroticism and acute measures
of depression and anxiety, as hypothesized. In addition, we observed that the general factor
was broadly associated with interpersonal functioning deficits. Taken together, we interpret
the general Negative Affectivity factor to represent a global marker of negative emotionality
that is composed of a mixture of state and trait influences. We believe it to be a broad
indicator of emotional distress, and as such, we do not expect it to be particularly helpful in
discriminating among different possible mechanisms of illness (or treatment response)
operating within different individuals. What is lost with respect to the granularity of the
general factor, however, is preserved in the specific factors which represent constellations of
reliable variance distinct both from current symptoms and from the broad general factor.

In the best fitting bifactor solution, we observed that two of the specific factors (Angry
hostility and Self-consciousness) were particularly helpful in identifying important and
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distinct individual differences in interpersonal functioning. Across both samples, six of the
eight original Angry Hostility items had salient loadings on the Angry Hostility Specific
factor. This specific factor was independent of depression or anxiety symptoms, and it
uniquely predicted interpersonal problems associated with aggression in both samples, over
and above psychiatric symptoms, general negative affectivity, each of the other specific
factors, and (in the community sample) the remaining four domains of the Five Factor
Model. The Self-Consciousness specific factor also comprised a consistent pattern of salient
loadings in both the depression and community samples. Items that loaded on the specific
factor represented the tendency to feel frank self-consciousness, embarrassment, and
concern over making mistakes in social settings. We observed a small, negative relationship
between it and depression symptoms in both samples, and we observed that the Self-
Consciousness specific factor was associated with interpersonal problems associated with
heightened sensitivity to the criticism of others, lack of sociability, and need for others’
approval. Again, these associations were present even when controlling for general negative
affectivity, depressive symptoms, each of the other specific factors, and (in the community
sample) the remaining four domains of the Five Factor Model. The differentiation observed
between the interpersonal problems associated with the Angry Hostility and Self-
Consciousness specific factors is consistent with the findings of Pilkonis and colleagues
(Pilkonis et al., 1996; Stern, Kim, Trull, Scarpa, & Pilkonis, 2000), who observed that
certain of the 11P subscales, including aggression, were more strongly associated with
Cluster B personality pathology, whereas others, including lack of sociability and need for
approval, were strongly associated with Cluster C pathology. It may be that the Angry
Hostility and Self-Consciousness specific factors are tapping into elements of the
interpersonal problems associated with these forms of personality pathology.

The fact that these two components of neuroticism, Angry Hostility and Self-Consciousness,
are not substantially correlated with symptoms and that each incrementally predicts deficits
in interpersonal functioning over and above symptom scores suggests that these two
dimensions are capturing meaningful individual differences that cannot be attributed to the
individuals' current symptomatic state. The fact that they can be separated from the general
Negative Affectivity factor and predict incremental variability in interpersonal functioning
over and above the general factor and the remaining domains of the Five Factor Model
suggests that they represent important parts of the structure of personality that cannot be
adequately captured by the other elements of the model. Rather, they represent unique and
nonignorable facets of neuroticism. Angry Hostility captures the proclivity to lose one's
temper and react in an aggressive and hostile manner. Self-Consciousness marks heightened
sensitivity to others and the tendency to react with an increased self-focus coupled with
feelings of embarrassment. These dimensions, and their relationships with symptom and
functioning measures, were quite similar across both the community and depression
samples. Thus, these two dimensions represent unique components of neuroticism with
distinct interpersonal functioning profiles that can be assessed during an acute episode and
that vary independently of each other and of acute symptoms.

On the one hand, it is not surprising that there are elements of neuroticism that are separable
from acute distress. As reviewed above, measures of neuroticism predict differential
treatment response and change during treatments even when acute symptomatic distress is
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well controlled, suggesting that the variance in neuroticism that is nonoverlapping with acute
symptoms is important and meaningful. At the same time, this is the first study of which we
are aware to characterize the nature of those unique components of neuroticism, to replicate
their structure across diverse samples, and to identify their incremental relationships with
functioning. With the identification of these dimensions, future work will be able to examine
whether change in these components of neuroticism mediates symptom change during
treatments for depression. In addition, future research will be able to examine whether the
finer granularity of these dimensions will aid in identifying better and more robust
neurobiological markers than has been possible to date either for symptom levels or frank
diagnosis of depression (see Murray & Johnson, 2013 for a similar suggestion with respect
to the structure of cognitive abilities).

Two additional specific factors (Anxiety and Impulsiveness) may show promise in
describing meaningful and distinct dimensions on which individuals differ, although
additional work will be needed to confirm these effects. The majority of items (6 of 8) from
the original Anxiety facet loaded on the Anxiety specific factor in both samples. Although
we did not observe an association between the Anxiety specific factor and Hamilton anxiety
scale scores in the smaller of the two depression subsamples (reported in the Supplement),
we did observe a significant association between the Anxiety specific factor and the number
of anxiety disorder criteria endorsed during a diagnostic interview in the larger of the two
depression subsamples. We interpret this finding as preliminary evidence suggesting that the
Anxiety specific factor may be capturing features of anxiety disorder that are distinct from
general negative affectivity.

The Impulsiveness specific factor demonstrated the largest congruency between the two
samples, but relatively few items from the original Impulsiveness facet loaded on the general
Negative Affectivity factor. This pattern informs a long-running debate about the proper
placement of impulsivity within structural models of personality. Although many theorists
identify trait impulsiveness as an important part of personality, there is little agreement about
whether dimensions of impulsivity are best captured by domains representing negative
affectivity, extroversion, constraint, or conscientiousness (see Whiteside & Lynam, 2001 for
a review). Part of the challenge no doubt stems from the multidimensional nature of
impulsivity, such that different components may well fit best with different domains of
personality (Dvorak, Pearson, & Kuvaas, 2013; Miller, Zeichner, & Wilson, 2012; Whiteside
& Lynam, 2001). A further complication stems from the general tendency for questionnaire
items that tap negative elements of affect and cognition to be captured by factors that
represent neuroticism in structural models (Clark & Watson, 1995). In the current study, we
observed that most of the NEO-PI-R impulsivity items were not strongly associated with the
same construct of general negative affectivity as were the remainder of the neuroticism
items, suggesting that the component of impulsivity measured by the NEO PI-R is relatively
distinct from the rest of the measure. Given the scope of the present project, we did not
examine whether the impulsivity items would fit better on a different broad domain of
personality. We did not observe substantial associations between the Impulsiveness specific
factor and the interpersonal functioning measure under consideration. Others have observed
interactions between neuroticism and components of impulsivity in the prediction of
interpersonal problems (Dvorak et al., 2013; Miller et al., 2012). As such, more work, with
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additional measures that more fully capture the multidimensionality of impulsivity, may be
needed to fully determine whether elements of impulsivity should be considered as parts of
neuroticism, as well as how they relate to functioning.

The remaining two specific factors (Depression and Vulnerability) do not appear to be
particularly useful in describing meaningful individual differences over and above the
general Negative Affectivity factor. The Depression specific factor was associated with a
disparate pattern of loadings across the two samples and was not associated with a strong or
replicable pattern of interpersonal functioning deficits. Moreover, it was not substantially
associated with depressive symptoms once the general Negative Affectivity factor was
covaried. We interpret these results to indicate that there simply may not be sufficient
reliable variance in the NEO-PI-R assessment of depressionality that is distinct and
separable from the common dimension of negative emotionality that runs across the
measure. A similar finding was recently obtained by Arrindell and colleagues (Arrindell et
al., 2017) who examined the structure of symptoms across the clinical psychiatric disorders
and likewise observed that depressive symptoms were largely captured by a general
psychopathology factor, with little meaningful specific variance left over to form a robust
depression specific factor. Similarly, for the Vulnerability specific factor, only two items
from the original Vulnerability facet loaded on the residual Vulnerability specific factor, and
we observed no significant associations between this specific factor and difficulties in
interpersonal functioning. As such, individual differences in vulnerability likewise appear to
be well accounted for by the broad dimension of negative affectivity that captures the
common variance in the measure. That is, neither the Depression nor the Vulnerability
specific factors may be useful on their own. Rather than capturing meaningful individual
differences, they appear to be capturing relatively uninformative residual correlations
between a small number of items. It is not uncommon in bifactor models to identify specific
factors like these that do not on their own have substantial explanatory power (Reise et al.,
2010; Reise, Morizot, & Hays, 2007; Rodriguez et al., 2015). We decided to retain these
specific factors in the final model in order to help resolve the other elements of the structure,
and we would caution against over interpretation of their content.

Comparisons with Prior Literature and Limitations

This is the largest study to date to examine the components of neuroticism in a sample of
depressed adults. However, one limitation of the study is the heterogeneity of the samples
with respect to the nature of the study of origin, diagnosis, treatment status, and clinical
course. Data regarding these possible differences were not uniformly available, and as such,
their impact could not be assessed. Although future work will be needed to examine the
impact of clinical features, we view the high degree of heterogeneity within and between the
two samples as a substantial strength, supporting the potential generalizability of the present
findings. Related to this, given the small sample size used for the validity analyses in the
depression sample, additional replication in larger clinical samples is warranted.

Contrary to prior work, we did not observe clear support of a two-factor model, either in the
depression sample or in the community sample. Several differences between the current
study and previous reports may account for the difference in findings: First, we used bifactor

Clin Psychol Sci. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fournier et al.

Page 16

models, whereas prior reports used exploratory factor analytic techniques to examine the
structure of neuroticism. Controversies in the literature remain about how best to compare
traditional factor solutions and bifactor solutions (see, e.g., Chen et al., 2006; Gignac, 2016;
Murray & Johnson, 2013; Reise, 2012). Indeed, some have observed bias in model fit
statistics that favor bifactor models over standard confirmatory or higher order models
(Bonifay, Lane, & Reise, 2016; Gignac, 2016; Molenaar, 2016; Morgan, Hodge, Wells, &
Watkins, 2015; Murray & Johnson, 2013). At the same time, recent work suggests that the
superior fit of bifactor models in these studies may stem not from bias per se but from the
failure to meet a statistical assumption (the proportionality constraint) inherent in standard
higher-order factor models that is not relevant to bifactor models (Gignac, 2016). Although
this debate is ongoing, those on both sides remind researchers that no modelling strategy or
test statistic can definitively uncover the truth of how a construct is organized in nature
(Gignac, 2016; Morgan et al., 2015; Murray & Johnson, 2013; Rodriguez et al., 2015).
Rather, the most appropriate modeling strategy depends on the aims of the project (Murray
& Johnson, 2013), and the ultimate utility of a model will depend on whether it can provide
reliable and valid information that is not well captured by other approaches. In line with the
recommendations of others (Benson et al., 2016; Chen et al., 2006; Murray & Johnson,
2013), in this study we used the bifactor measurement model primarily to determine whether
separable subcomponents of neuroticism exist that predict incremental variability in
functioning over and above general negative affectivity and symptom scores. Although we
did observe that meaningful specific factors could be formed, we did not observe clear
support for the two-factor models identified by others using standard confirmatory
approaches. Rather, we observed that the general factor accounted for much of the variance
in the items that might otherwise have contributed to one of those two factors.

A second difference with previous work is that we examined data from one self-report
personality measure, an instrument that was designed a-priori to capture six components of
neuroticism. This design feature may well have contributed to our finding that the six-
specific-factor model fit the data better than the alternative bifactor models. Prior reports
identifying two-factor solutions have combined data from multiple measures. It is possible
that two of the specific factors that we identified in the current work, Angry hostility and
Self-Consciousness, could represent seeds for two strong subfactors of neuroticism that are
well aligned with the constructs captured by those two factor solutions. Future work should
incorporate multiple measures and examine whether elements that were part of prior two-
factor solutions and that were not well represented in the current study (e.g., measures of
calmness, stability, moderation, toughness, stress reactivity, and even-temperedness) might
contribute to two such factors. Incorporating additional measures may also improve the
observed factor determinacies, which were low for some of the specific factors.
Determinacies that are lower than optimal can signal concerns about the validity of factor
estimates. These concerns are mitigated for some of the specific factors with low
determinacies in this study, e.g., Self-Consciousness, by the observed replication of patterns
of association with external interpersonal functioning variables across the two samples.

Additionally, self-report instruments like the one used in this study, require individuals to
have intact insight into their cognitive, affective, behavioral, and motivational tendencies.
Future work could combine data from multiple sources, including self-report, informant, and
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interview-based measures in order to help ensure that more of the relevant information is
captured. Examining these components in longitudinal and lab-based observation and
challenge studies would also provide valuable information not just about the long-term
stability of these markers, but also about the conditions in which they are or are not
associated with changes in affect and behavior. Finally, we validated the components of the
structure with respect to one domain of functioning. Future work will be needed to examine
associations with other important areas of functioning (e.g., education, employment, quality
of life).

The findings from the current study suggest that neuroticism measured either in the context
of depression or among community dwelling adults can be decomposed into a combination
of general negative affectivity, which is associated with symptom severity, and nonignorable
subcomponents, which are relatively uncorrelated with depression and anxiety. At least two
of these subcomponents, Angry-hostility and Self-consciousness, are distinguishable from
acute symptoms, are independently associated with particular deficits in interpersonal
functioning, and are not adequately captured by a common element of negative affectivity
that explains a large portion of the variance in neuroticism. Using elements of the structure
identified in this study, future work could examine which components of neuroticism are
most predictive of treatment success or failure and which are themselves affected by
treatments. Findings from such work would advance our ability to target treatments more
efficiently to specific individuals.
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Refer to Web version on PubMed Central for supplementary material.
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