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Abstract

Multiple cognitive risk products (dysfunctional attitudes [DA], negative inferential style [NIS],
self-criticism, dependency, rumination) predict internalizing disorders; however, an optimal
structure to assess these risks is unknown. We evaluated the fit, construct validity, and utility of a
bifactor, single, and correlated factor model in a community sample of 382 adolescents (age 11-15
years; 59% female). The bifactor, hierarchical single, and correlated factor models all fit well. The
bifactor model included a common factor (¢), capturing covariance across all cognitive risk
measures, and specific latent factors for DA, NIS, dependency and rumination. Construct validity
of these factor structures was evaluated with external validators, including depression and anxious
arousal (AA) symptoms, positive affect (PA) and negative affect (NA), and onset of depression
diagnostic onset over 2 years. Cwas associated with higher depression, NA, and AA; lower PA;
and predicted depressive episodes. Hierarchical single and correlated factor models also related to
external validators.
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Cogpnitive vulnerability models of psychopathology posit that individuals with maladaptive
ways of thinking are at increased risk to develop psychopathology (Riskind & Alloy, 2006).
Cognitive risks can be understood as products or processes. Cognitive risk productsinclude
negative attitudes, beliefs, or interpretation styles that are posited to result from cognitive
risk processes, such as maladaptive attention and memory biases (Ingram, Miranda, & Segal,
1998). The present study focuses on several of the most well supported cognitive risk
products from distinct theoretical paradigms including dysfunctional attitudes from Beck’s
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cognitive model (Beck, 1976); negative inferential style from hopelessness theory
(Abramson, Metalsky, & Alloy, 1989); self-criticism and dependency—two maladaptive
cognitive-personality styles (Blatt, 1974); and rumination from response styles theory
(Nolen-Hoeksema & Morrow, 1991). These cognitive vulnerabilities have been well
established as correlating with and prospectively predicting depression in youth and adults
(e.g., Abela & Hankin, 2008; Alloy et al., 2012; Hankin, Snyder, & Gulley, 2016). More
recently, these cognitive risks have been examined as transdiagnostic risk factors and
processes for other forms of psychopathology, particularly within the internalizing spectrum
(e.g., Hankin, Snyder, & Gulley, 2016a; Nolen-Hoeksema & Watkins, 2011).

An important principle in scientific inquiry is to have nonredundancy of constructs and to
make sure that constructs are conceptualized and measured in an accurate way (Cronbach &
Meehl, 1955). Accuracy and consistency of measurement across studies is important in order
to make findings across studies comparable, and to remove nuisance variance that can
impede replicability. The traditional and currently widely implemented approach of
conceptualizing and measuring these cognitive risk products is to consider them as distinct
constructs, and to measure them independently on a manifest level in relationship to
different psychopathological outcomes. However, these cognitive risks may share common
variance reflecting a broad underlying dimension. Thus, measuring and examining each
cognitive risk independently in relationship to outcomes and interpreting the results as the
effects of discrete risk factors may not be entirely accurate. Elucidating a reliable, optimal
latent structure of cognitive risk products could contribute to more accurate assessment and
conceptualization of these constructs.

It is possible that relationships that have emerged in prior work between each of these
cognitive risks and various internalizing outcomes may be more parsimoniously explained
by a “common core” essence that is present across these purportedly distinct cognitive risks
(Hong & Cheung, 2015). Indeed, some factor analytic work suggests that multiple cognitive
risks are manifestations of a single underlying construct and are best understood as a single
latent factor (Hong & Cheung, 2015). Conversely, findings indicating differences in
specificity to outcomes could suggest that there are unique aspects of cognitive risks, and
that there is value in measuring and examining them independently. For instance, negative
inferential style has predicted future depression, but not anxiety, in youth and adults (Alloy
et al., 2000; Hankin, 2008a; Hankin, Abramson, Miller, & Haeffel, 2004) and some factor
analytic work suggests that several cognitive risk products are better understood as
independent, yet correlated constructs (Adams, Abela, & Hankin, 2007; Hankin,
Lakdawalla, Carter, Abela, & Adams, 2007). Taken together, there appears to be both
overlapping and distinct aspects of these prominent cognitive risks; however, researchers
have not yet examined whether they could be organized in a dimensional latent model that
would organize their shared and unique components.

Surprisingly few studies have empirically examined the structure and organization of these
cognitive risk products. Evidence supporting both single and correlated factor structures
could suggest that cognitive risks may be more optimally organized with a model that allows
for both overlapping and distinct aspects to be disentangled and organized. A latent bifactor
mode/ allows for manifest measures of cognitive risks to be organized into a single latent
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factor that accounts for the common variance across measures (i.e., common factor) as well
as organizes any wnique variance not accounted for by the common factor into specific latent
factors (Holzinger & Swineford, 1937). Bifactor models have been utilized successfully and
validated for a variety of complex psychological phenomena, including intelligence (e.g.,
Carroll, 1993; Holzinger & Swineford, 1937), psychopathology (e.g., Caspi et al., 2014;
Lahey et al., 2012), temperament (Snyder et al., 2015), and executive functioning (Miyake &
Friedman, 2012). However, no study has yet investigated whether a bifactor model might
more accurately organize prominent cognitive risk products for psychopathology.

The present study addresses how several prominent cognitive risk products are organized.
We investigate this question in a sample of early adolescents because it is a high-risk period
when rates of many common internalizing psychopathologies surge (e.g., Costello,
Copeland, & Angold, 2011; Hankin et al., 1998; Merikangas et al., 2010), and many
prominent cognitive risk products have emerged and stabilized into relatively trait-like risks
for psychopathology (Hankin, 2008b). We examine a bifactor model and other plausible
models that have been found in prior literature (i.e., single, hierarchical single, and
correlated factor models). In addition, we examine the construct validity of these structural
models by examining the pattern of associations with important external validators. Given
that cognitive risks have been associated with depression, and that several cognitive risk
products have also been associated with other internalizing outcomes (e.g., anxiety)
(Hankin, Snyder, & Gulley, 2016), external validators include depression symptoms and the
future onset of clinical depression as well as negative affectivity (NA), positive affectivity
(PA), and anxious arousal (AA) symptoms—three important factors organizing overlapping
and relatively specific symptoms of depression and anxiety (Mineka, Watson, & Clark,
1998). Examining the pattern of relationships between dimensions of the structural models
and these external validators enables the evaluation of the w#//ity of structural models. Thus,
we consider both model fit as well as construct validity supported by associations with
external validators as means to evaluate structural models of cognitive product risks to
psychopathology.

Key Cognitive Risk Products and Associations With Internalizing Problems

Dysfunctional attitudes (DA) reflect negative maladaptive self-schemas, or cognitive
structures, which bias information processing (e.g., attention) toward schema-congruent
information (Beck, 1976; Beck & Haigh, 2014). Themes of DA include excessive standards
of perfectionism, performance, contingencies of self-worth, and needing approval from
others (Beck, 1976). A negative inferential style (NIS) is a way of explaining the causes of
negative events as being internal (i.e., due to one’s self and not external circumstances),
stable (i.e., likely to recur) and global (i.e., likely to affect other domains of life).
Additionally, the individual makes negative inferences about the self (e.g., that one is inept)
and consequences of negative events (i.e., other aversive outcomes will follow; Abramson et
al., 1989). Self-criticism (SC) and dependency are maladaptive cognitive-personality styles
(e.g., Blatt, 1974; Blatt & Luyten, 2009; Blatt & Zuroff, 1992). Individuals high in self-
criticism are excessively focused on achievement and status in order to gain approval from
others, whereas those high in dependency experience instability in relationships and have a
sense of self-worth that depends on meeting the needs of others (e.g., Blatt, 1974). Last,
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rumination is a passive, repetitive thinking style where one dwells on the potential meaning,
causes, and consequences of one’s symptoms of distress (e.g., sad mood; Nolen-Hoeksema
& Morrow, 1991).

A large body of evidence supports the concurrent and prospective relationship between these
cognitive risk products and depression. More recently, evidence shows that these cognitive
vulnerabilities contribute to other psychopathologies, particularly other forms of
internalizing disorders (e.g., see Abela & Hankin, 2008; Gibb & Coles, 2005; Riskind &
Alloy, 2006; and Hankin, Snyder, & Gulley, 2016; for reviews). Rumination relates to
anxiety in youth and adults concurrently and prospectively (e.g., McLaughlin & Nolen-
Hoeksema, 2011; Selby, Anestis, & Joiner, 2008); self-criticism relates to social phobia and
posttraumatic stress disorder (PTSD) in adults (e.g., Cox, Fleet, & Stein, 2004; Sharhabani-
Arzy, Amir, & Swisa, 2005); and NIS has been linked to PTSD (e.g., Elwood, Hahn,
Olatunji, & Williams, 2009). These findings are consistent with the perspective that
cognitive risks may be transdiagnostic risks for internalizing psychopathology (Nolen-
Hoeksema & Watkins, 2011).

The Structure of Cognitive Risk Products

Studies that have examined the latent factor structure of sub-sets of these cognitive risk
products find evidence for both sing/e factor and correlated factor structures. These past
studies have varied in terms of the type and breadth of cognitive risk products that were
included in analyses; the inclusion of different measured variables can affect conclusions
regarding factor structure. For instance, some work has focused on traditionally depression-
related risks (e.g., DA, NIS, rumination, self-criticism, dependency) (Adams et al., 2007;
Hankin et al., 2007; Joiner & Rudd, 1996; Reno & Halaris, 1989; Pdssel & Knopf, 2011),
whereas other work has also included traditionally anxiety-related risks (e.qg., intolerance of
uncertainty, fear of negative evaluation) (Hong & Cheung, 2015). Some studies of DA and
NIS find a single factor structure in adults (Reno & Halaris, 1989) and adolescents (Garber,
Weiss, & Shanley, 1993), whereas other work finds a correlated factor structure in adults
(Gotlib, Lewinsohn, Seeley, & Rhode, 1991; Joiner & Rudd, 1996) and adolescents (Gotlib,
Lewinsohn, Seeley, Rohde, & Redner, 1993). Studies including DA, NIS, and rumination
have also found evidence for a single (Hong & Cheung, 2015) and correlated factor
organization in adults (Hankin et al., 2007; Péssel & Knopf, 2011). Finally, work including
NIS, rumination, self-criticism, and dependency found correlated factors in early adolescents
(Adams et al., 2007).

There are two key limitations of prior work. First, studies have varied in terms of whether
manifest indicators are based on global or subscale level scores, which can also affect factor
structure. For instance, Hong and Cheung (2015) used scale level data and found evidence
for a single factor structure, whereas others (e.g., Adams et al., 2007; Hankin et al., 2007)
used subscale level data and found evidence for correlated factor structures. In order to
properly compare alternative cognitive risk product structures, it is important for researchers
to specify models that align as closely as possible with those investigated in prior work.
Second, few studies (Adams et al., 2007; Garber et al., 1993; Gotlib et al., 1993) have
focused on the structure of cognitive risk products in adolescents—a key developmental
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period when several cognitive risk products have stabilized and many common
psychopathologies first onset (e.g., depression) (Hankin et al., 1998).

In short, we still do not know what an optimal structure of cognitive risk products may be. A
bifactor model may be a plausible, more parsimonious structure that integrates prior patterns
of findings suggesting that there are both common and unique components of cognitive
risks. In addition, the bifactor model may offer increased utility relative to correlated and
single factor models because it can allow researchers to investigate how common and
specific dimensions of cognitive risk may relate to different psychopathological outcomes.

Present Study

The main goal of the present study was to appraise if several prominent cognitive risk
products may be more optimally organized with a bifactor model as compared with other
structures that have been found in prior work, specifically, single- and correlated-factor
models. We also evaluated the construct validity and utility of the bifactor model, as well as
single- and correlated-factor models, by investigating relationships with important external
validators. We investigated these questions in a community sample of adolescents aged 11 to
15 years. We expected that a bifactor model would demonstrate good fit and provide
enhanced utility in associating with external validators. We investigated the construct
validity of a bifactor model of cognitive risk by examining concurrent associations with
depression symptoms, NA, PA, AA, and then prospective onset of depressive episodes over a
2-year follow-up. We hypothesized that ¢ would be positively associated with depression
symptoms, NA, and AA, negatively associated with PA, and prospectively predict depressive
episode onsets.

Method

Participants

Participants were recruited from Montreal, Quebec, Canada, and Chicago, Illinois, USA,
through ads placed in local newspapers and the greater community about a study of
adolescent development. Participants were English speaking. The final sample consisted of
382 adolescents (225 girls and 157 boys) drawn from 327 families, along with one parent
from each family. Participants for the current study were those that completed the cognitive
risk, affect, and psychopathology measures at the initial in-person lab visit as well as follow-
up diagnostic interviews. Comprehensive details of the demographic characteristics of both
samples are reported in Abela and Hankin (2011). Adolescents’ ages ranged from 11 to 15
years with a median of 13 years. There were no significant differences between the samples
for adolescent gender, Xz(l) =0.42, ns, age, {380) = 0.62, ns, grade, 4380) = 0.47, ns,
highest level of education completed by mother and father, A1, 380) = 2.10, nsand A1,
330) = 0.62, s, respectively; and family income, A1, 380) = 0.24, ns. The Chicago sample
had a greater proportion of ethnic minority youth, XZ (1) =17.36, p< .001, and youth from
single-parent households, Xz(l) = 8.84, p < .01 compared with the Montreal sample.
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Materials and Procedure

Participants initially completed assessments in-person at a lab visit when adolescents were
between the ages of 11 and 15 years. Two research assistants met with each adolescent-
parent pair. Parents completed a demographics and consent form for themselves and their
child; the adolescent completed an assent form. A research assistant verbally administered
all questionnaires described in the following sections, while the adolescent followed along
and responded to questions using her/his/their own copy. A trained diagnostician
interviewed the child and parent individually about the child’s current and past depressive
symptoms and episode occurrence using the Schedule for Affective Disorders and
Schizophrenia in School-Age Children (K-SADS; Kaufman, Birmaher, Brent, Rao, & Ryan,
1996). Telephone follow-up assessments were conducted during the 2 years following the
initial assessment. At the 6-, 12-, 18-, and 24-month follow-up assessments, a diagnostician
obtained information on the adolescent’s depressive symptoms during the past 6 months
from both the parent and the adolescent using the K-SADS. If a parent—-adolescent pair
missed one of these follow-up assessments, information pertaining to that time interval was
obtained in the subsequent K-SADS administration. Participants were compensated
monetarily.

Child Dysfunctional Attitudes.—Nine items from the Dysfunctional Attitudes Scale
(Weissman & Beck, 1978) were used to assess DA. Items are rated on a 5-point scale with
higher scores indicating greater DA. These items load onto the same factor (Andrews,
Lewinsohn, Hops, & Roberts, 1993) and correlate with a longer version of the scale (r=.93;
Lewinsohn, Joiner, & Rohde, 2001). This scale has prospectively predicted depressive
symptoms and diagnoses in adolescents (Hankin, Wetter, Cheely, & Oppenheimer, 2008;
Lewinsohn et al., 2001). We obtained an alpha of .69, which is similar to prior work (e.g., a
=.74; Lewinsohn et al., 2001).

Negative Inferential Style.—The Adolescent Cognitive Style Questionnaires (ACSQ;
Hankin & Abramson, 2002) assesses NIS with five subscales (internal, stable, global,
consequence, self). Items are scored from 1 to 7 with higher scores indicating greater NIS.
This measure had nine hypothetical negative event scenarios relevant to adolescents.
Participants write down one cause for each of the events and rate the degree to which the
cause is internal, stable, and global; that negative consequences will follow; and that the
cause indicates that the individual is deficient. The ACSQ is reliable and valid in adolescents
(e.g., Calvete, 2011; Hankin & Abramson, 2002; Kindt, Kleinjan, Janssens, & Scholte,
2015; Lakdawalla, Hankin, & Mermelstein, 2007). The hopelessness theory of depression
(Abramson et al., 1989) de-emphasized internal attributions in the conceptualization and
measurement of NIS. Because the ACSQ was intended to assess NIS based on hopelessness
theory, we used the stable, global, consequence, and self-subscales. The following alphas
were obtained: .78 (stable), .83 (global), .85 (consequence), .88 (self) and .94 (total).

Rumination-Brooding.—Brooding was measured with a subset of six items from the
Child Response Styles Questionnaire-Rumination Subscale (CRSQ-RS; Abela, Brozina, &
Haigh, 2002) that were most reflective of brooding—the more maladaptive subcomponent of
rumination (Treynor, Gonzalez, & Nolen-Hoeksema, 2003). Participants indicate how much
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they respond in a certain way when they are feeling sad using a 4-point scale. Higher scores
indicate greater brooding. Two items from the CRSQ-RS were used that overlap with an
extended version of the CRSQ (CRSQ-Ext), which has reliably measured brooding and
related to depressive symptoms in children (e.g., alphas ranged from .78 to .86 over a year;
Verstraeten, Bijttebier, Vasey, & Raes, 2011; Verstraeten, Vasey, Raes, & Bijttebier, 2010).
Four items from the CRSQ-RS were identified as representing brooding given self-blaming
and negative self-evaluative content. We obtained an alpha of .78.

Self-Criticism and Dependency.—Self-criticism and dependency were assessed using 8
items each from the self-criticism and dependency subscales of an abbreviated version of the
Depressive Experiences Questionnaire for Adolescents (DEQ-A; Fichman, Koestner, &
Zuroff, 1994). Participants rate the extent to which statements describe them on a 7-point
scale. Higher scores indicate greater levels of self-criticism/dependency. The scale relates to
depression (Fichman et al., 1994) and shows acceptable consistency (alphas ranging from .
65 to .75 for self-criticism and from .70 to .82 for dependency) (Fichman et al., 1994;
Kopala-Sibley, Zuroff, Hankin, & Abela, 2015). The present study obtained alphas of .61 for
self-criticism and .73 for dependency.

Negative and Positive Affect.—Negative and positive affect were assessed with the
Positive and Negative Affect Scale for Children (PANAS-C; Laurent et al., 1999).
Participants rate how much they have experienced different feelings and emotions (e.g., sad,
excited) during the past few weeks on a 5-point scale. Greater scores indicate higher levels
of PA/NA. The scales relate to anxiety and depression in children (Hughes & Kendall, 2009;
Laurent et al., 1999). The present study obtained alphas of .88 for both NA (15 items) and
PA (12 items).

Anxious Arousal.—Anxious arousal symptoms were assessed using 10 items from the
anxious arousal subscale of the Mood and Anxiety Symptom Questionnaire (MASQ);
Watson & Clark, 1991) to assess somatic tension and hyperarousal symptoms (e.g., heart
racing). Participants rate the extent to which they have experienced each of the symptoms
over the past week on a 5-point scale. This abbreviated measure demonstrates reliability and
validity in adolescents (e.g., Hankin, 2008a, 2008b; Hankin et al., 2008; Lee & Hankin,
2009). The present study obtained an alpha of .74.

Depressive Symptoms.—Depressive symptoms over the past week were assessed via
the 27-item Children’s Depression Inventory (CDI; Kovacs, 1985). The CDI is the most
frequently used measure of depression among adolescents and has demonstrated reliability
and validity (Klein, Dougherty, & Olino, 2005). The present study obtained an alpha of .87.

Depression Diagnoses.—Depression diagnoses were measured using the Schedule for
Affective Disorders and Schizophrenia for School-Age Children (K-SADS; Kaufman et al.,
1996), a semistructured clinical interview that assesses Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-/V) diagnoses in children and adolescents. No other
diagnoses were assessed in this study. The K-SADS was administered to a parent and
adolescent individually and summary diagnoses were based on both reports. The K-SADS is
the most frequently used psychiatric diagnostic interview with youth and is reliable and valid
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(Klein et al., 2005). In the current study, we assessed current and past histories of major
depressive episodes. Diagnostic interviewers completed an intensive training program for
administering the K-SADS, for assigning DSM-/V and research diagnostic criteria
diagnoses, and received weekly supervision (see Technow, Hazel, Abela, & Hankin, 2015
for more details). Interrater reliability for the K-SADS, based on 20% of the sample
interviews, was good (x = .87).

Data Analytic Plan

Overview of Cognitive Risk Factor Structure Analyses.—Confirmatory factor
analyses were conducted with Mplus (L. K. Muthén & Muthén, 2012) using the robust
maximum likelihood estimator (MLR) given the nonnormal distributions of indicators.
Factor variance was set to 1 for all models in order for item loadings to be estimated and
standardized with respect to the latent factor variance (i.e., STD Standardized). For all
models, “good fit” was defined as root mean square error of approximation (RMSEA) equal
to or less than .06; confirmatory fit index (CFI) greater than or equal to .95; and standardized
root mean square residual (SRMR) equal to or less than .08. “Acceptable fit” was defined as
RMSEA equal to or less than .08, and CFI equal to or greater than .90 (Hu & Bentler, 1998,
1999). We prioritized convergence across fit indices as indicating a good model because
researchers have regarded these thresholds as suggested cut-offs and have cautioned against
considering them as universal rules (e.g., Chen, Curran, Bollen, Kirby, & Paxton, 2008; Hu
& Bentler, 1999; Marsh, Hau, & Wen, 2004). The fit of the bifactor, single, and correlated
factor models were compared using Akaike information criteria (AlIC) and Bayesian
information criteria (BIC) because the models were nonnested (lower values indicate better
fit; A > 10 is considered a rough rule of thumb of nonequivalency of models; Burnham &
Anderson, 2003).

Manifest indicators for cognitive risks were created by parceling items using a correlational
parceling approach (Landis, Beal, & Tesluk, 2000; Rogers & Schmitt, 2004). For constructs
that had multiple subscales (i.e., NIS), a facet-representative approach was utilized such that
a parcel was constructed for each subscale of the construct (Kishton & Widaman, 1994;
Little, Cunningham, Shahar, & Widaman, 2002; Little, Rhemtulla, Gibson, & Schoemann,
2013). Both of these approaches aim to group items together that share the highest
overlapping variance and have been recommended for multidimensional constructs because
what is shared among items or facets of constructs is preserved (e.g., Little et al., 2002;
Little et al., 2013; Williams & O’Boyle, 2008). Parceling reduces the indicator-to-sample
size ratio; thus, making the parameter estimates in the model more accurate (e.g., Little et
al., 2013; Williams & O’Boyle, 2008). Item level indicators were not used because there
would not be enough degrees of freedom to estimate latent factor models of external
validators or associations with external validators after estimating the parameters for the full
cognitive risk model.

For each of the individual cognitive risk measures, the bivariate correlations for all items
within each measure were examined. The correlational parceling procedure was as follows:
the two items with the highest correlation were selected for the first parcel, and the next two
items with the highest correlation were grouped into the second parcel and so on. For scales
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that had an odd number of items, this remaining item was assigned to the parcel that it had
the strongest correlation with. As just-identified models have been recommended (Little et
al., 2013), we aimed to have approximately three indicators per construct. Parcel indicators
were composed of two to three items. For the multifaceted measure of NIS, each manifest
indicator was composed of all items within each subscale. Parcels for all models were the
average of all items within the parcel. Table S1 in Supplemental Materials, available in the
online version of the article, shows the items that were within each parcel for latent factors
of cognitive risk.

Model development and testing consisted of two main steps. The first step examined the
latent factor structure of each cognitive risk construct considered individually according to
their respective theoretical conceptualizations. Each individual cognitive risk model was
checked for adequate indicator loadings because weak loadings can be significant with large
sample sizes. A cutoff of .30 was chosen, and indicators falling below this threshold were
removed (Kline, 2010). The second step examined the fit of the bifactor model relative to
single- and correlated- factor models in order to investigate if the bifactor model more
optimally organizes cognitive risks relative to these alternative models. Comprehensive
models of cognitive risk products were constructed that included all cognitive risk product
measures across theoretical paradigms. The next sections detail the specific analytical steps
and results for the individual cognitive risk factor structure analyses and the comprehensive
cognitive bifactor, single factor, and correlated factor models (see Supplemental Materials,
available in the online version of the article, for additional details).

Bifactor Cognitive Risk Structure Analyses.—We followed recommended, standard
procedures for developing, evaluating, and refining a latent bifactor model (Caspi et al.,
2014; Chen, Hayes, Carver, Laurenceau, & Zang, 2012; Chen, West, Sousa, 2006; Friedman
et al., 2008; Lahey et al., 2015; Snyder et al., 2015). The bifactor model of cognitive risk
included all measures of cognitive risk and included a common factor as well as the specific
latent factors from part one of model testing. All indicators were initially loaded directly
onto a common factor, which captures the shared variance across all manifest indicators. In
addition, all indicators were also initially loaded onto their respective cognitive risk measure
factors, which capture the unique variance of each measure of cognitive risk that is not
accounted for by the common factor (e.g., Chen et al., 2006; Chen et al., 2012; Friedman et
al., 2008; Snyder et al., 2015). Because the common factor captures the shared variance
across these cognitive risk measures, the unique cognitive risk measure latent factor
correlations were set to zero (Chen et al., 2006; L. K. Muthén & Muthén, 2012).

The bifactor model was initially tested and respecified based on the pattern of indicator
loadings and the significance of factor variances.! Specific factors were eliminated when
indicator loadings were nonsignificant or negative for the specific factor and strong for the
common factor, or if the specific factor variance was not significantly different from zero. In
each of these cases, results suggest that the variance among the indicators was fully
accounted for by the common factor, so the specific factor should not be considered as a

1The significance of item loadings was tested by setting the factor variance to 1. The significance of factor variances was tested by
setting the first item loading to 1. Model fit remains constant across both of these parameterizations.
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distinct dimension from the common factor. This same criterion for loadings was applied to
the respecification of indicator loadings on the common factor. If factor loadings for
indicators were strong on a specific factor and nonsignificant or negative on the common
factor, the item loadings onto the common factor were removed because this suggested that
the specific factor accounted for variance among indicators that was distinct from the
common factor.

The bifactor model was further evaluated with the following indices (Dueber, 2017;
Rodriguez, Reise, & Haviland, 2016a, 2016b): OmegaH (wH), which reflects the proportion
of variance accounted for by the common factor after accounting for the specific factors
(Reise, Bonifay, & Haviland, 2013); OmegaHS (wHS), which reflects the proportion of
variance accounted for by the specific factors after accounting for the common factor (Reise
et al., 2013); percentage of uncontaminated variance (PUC), which represents the percentage
of covariance terms that only reflect variance from the common factor (Dueber, 2017);
construct reliability (H), which reflects the degree to which a factor is well represented by its
indicators (Rodriguez, Reise, & Haviland, 2016a); factor determinancy (FD), which is the
correlation between factor scores and the factors indicating if factors scores can be used; and
the average relative parameter bias (ARPB), which is the difference between indicator
loadings when they load onto a single latent factor relative to when they load onto a common
factor (in the bifactor model), divided by the common factor loadings in the bifactor model
(Rodriguez, Reise, & Haviland, 2016b).

External Validator Analyses.—To examine the construct validity of the various
structural models, we examined regressions with the latent factors and concurrent
associations with depressive symptoms (CDI), negative affect (NA; PANAS-C), positive
affect (PA; PANAS-C), and anxious arousal symptoms (MASQ) as well as prospective
relationships with clinical depression onset over 2 years controlling for history of clinical
depression at baseline (K-SADS). External validator measures of depression symptoms, NA,
PA, and AA were examined as latent factors with parceled indicators using the same
procedure explained earlier for the cognitive risk models. The external validator measure of
onset of depressive episodes occurring over the 24-month follow-up and the control variable
of history of depression at baseline were categorical, binary (i.e., 0 = no, 1 = yes), and
manifest. Separate regressions were conducted for each external validator. Regressions were
conducted in an SEM framework with Mplus (L. K. Muthén & Muthén, 2012) using MLR
given the nonnormal distributions of indicators. Each external validator (latent or manifest)
was regressed on each latent dimensional model of cognitive risk products. For cognitive
risk models that had multiple dimensions (bifactor, correlated factors), all dimensions were
simultaneously included as predictors of each external validator. Given that rates of
internalizing psychopathology increase throughout adolescence and that gender differences
in some cognitive risks and depression emerge in adolescence (Hankin & Abramson, 2001),
gender and age were controlled for in all regression analyses. The two-stage false discovery
rate (Benjamini, Krieger, & Yekutieli, 2006) was used to hold the family-wise error rate at p
= .05 across all regression analyses.
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Descriptive statistics for manifest measures of cognitive risk, internalizing outcomes and
demographics are provided in Table 1. Correlations between individual manifest measures of
cognitive risks were all significant and ranged from r= .14 to r=.44. Correlations between
individual manifest measures of cognitive risks and internalizing outcomes were
predominantly significant and ranged from r=.11to r= .50 (Table 2).

Individual Measurement Models for Cognitive Risks

Single factor models were created for DA, NIS, self-criticism, dependency, and brooding.
The DA model had four indicators and good fit by CFI, RMSEA, and SRMR (CFI = .99,
RMSEA = .03, SRMR =.02). The NIS model had four indicators and good fit by CFlI,
SRMR and nearly acceptable fit by RMSEA (CFI = .99, SRMR = .02, RMSEA = .096). The
dependency model had four indicators and good fit by CFI, SRMR and nearly acceptable fit
by RMSEA (CFI = .97, SRMR = .03, RMSEA = .09). The self-criticism and brooding
models were just-identified (three indicators), so model fit statistics cannot be computed. All
factor loadings for models were adequate (see Table S1 in Supplemental Materials, available
in the online version of the article, for more details).

Comprehensive Cognitive Risk Structure Models

Bifactor Model.—The initial bifactor model of cognitive risk products included a common
cognitive risk factor and five specific factors for DA, NIS, self-criticism, dependency and
brooding. There were 18 indicators in total. The initial bifactor model had good fit by
RMSEA, SRMR, and acceptable fit by CFl (RMSEA = .05, SRMR = .05, CFI = .93). There
was no significant variance associated with the specific self-criticism factor and loadings
onto this factor were nonsignificant. In contrast, indicators of self-criticism loaded
significantly and strongly onto the common cognitive risk. This suggested that the variance
across indicators of self-criticism was accounted for by the common cognitive risk factor
and not the specific self-criticism dimension. Thus, the specific self-criticism factor was
eliminated. Examination of factor loadings revealed that one indicator of DA did not have a
significant loading for the common cognitive risk factor but did have a significant loading
for the specific DA factor suggesting that the variance for this indicator was not accounted
for by the common factor. This nonsignificant item loading for the common factor was
removed. All other factors had significant variance and all other indicators had significant
factor loadings (Figure 1; see Table S2 in supplemental materials, available in the online
version of the article, for more details).

With these respecifications, model fit was good by RMSEA and SRMR, and acceptable by
CFI (RMSEA = .05, SRMR = .05, CFI = .94) (see Table 3). Additional bifactor model
measurement indices provided added support for the measurement model. The percentage of
reliable variance in total scores attributed to individual differences in the common factor
(wH) was 81%, and the percentage of reliable variance due to specific factors (wHS) was
79% for specific DA; 53% for specific brooding; 52% for specific dependency, and 60% for
specific NIS. This suggests that the variance in scores across cognitive risk measures
predominantly and most reliably reflects the common factor. Similarly, the PUC showed that
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86% of indicator covariances reflect common factor variance. The ARPB was 22%, which
exceeds the 15% threshold (B. Muthén, Kaplan, & Hollis, 1987), suggesting that it would
not be appropriate to treat these cognitive risk measures as purely unidimensional
(Rodriguez et al., 2016b). In terms of construct reliability, A/ was .86, .57, .54, .56, and .75
for the common factor, specific DA, specific brooding, specific dependency, and specific
NIS, respectively. According to the .70 criterion (Hancock & Mueller, 2001), the common
and specific NIS factors are well represented by the indicators and are most likely to
replicate across samples, whereas the specific DA, brooding, and dependency factors may
need more or better indicators (Rodriguez et al., 2016a, 2016b). FD scores were .98, .97, .
95, .95, and .98 for the common factor, specific DA, specific brooding, specific dependency,
and specific NIS, respectively. According to the FD > .90 criterion (Gorsuch, 1983), all
factor scores of the cognitive risk dimensions may be utilized.

Single-Factor Model.—Two single factor models were tested that each represented the
specifications of single factor models that were examined in prior work. Both models
included all 18 manifest indicators across all cognitive measures (DA, NIS, self-criticism,
dependency, brooding) and had adequate item loadings. The first single factor model was
created by allowing all manifest indicators to load directly onto a single latent factor (e.qg.,
see Hankin et al., 2007). Model fit was not acceptable by SRMR, RMSEA, or CFI (SRMR
=.10, RMSEA = .12, CFI = .61). The second single factor model was a hierarchical model
that included all five of the latent factors from each of the individual cognitive risk factor
models (DA, NIS, self-criticism, dependency, brooding). Each of these individual cognitive
risk latent factors then loaded onto a single higher order latent factor (e.g., see Hong &
Cheung, 2015). Model fit was good by RMSEA, SRMR and acceptable by CFl (RMSEA =.
05, SRMR = .06, CFI = .92).

Correlated-Factor Model.—A correlated factor model was created that included all 18
manifest indicators across all cognitive risk product measures and all five of the latent
factors from each of the individual cognitive risk factor models (DA, NIS, self-criticism,
dependency, brooding). Model fit was good fit by RMSEA, SRMR and acceptable by CFI
(RMSEA = .05, SRMR = .05, CFI = .94). All item loadings were adequate. Correlations
between latent factors were weak (7= .23, dependency and DA) to strong (7= .70, self-
criticism and dependency), with all but one relationship falling in the moderate to strong
range (i.e., /s >.30).

Comparing the Different Factor Models for Cognitive Risk and Measurement Invariance

Model fit of the bifactor model (AIC = 17151.85, BIC = 17419.78) was better than the
single factor model (AIC = 17751.85, BIC = 17964.62; AAIC = 600, ABIC = 544.84; see
Table 3). Model fit of the bifactor model was better than the hierarchical single factor model
(AIC =17165.76, BIC = 17398.23) by AIC, but was worse by BIC (AAIC = 13.91, ABIC =
-21.55). Model fit of the bifactor model was similar to the correlated factor model (AIC =
17149.24, BIC = 17401.41) by AIC, but was worse by BIC (AAIC = -2.61, ABIC = -18.37).
Model fit of the correlated factor model was better than the single factor hierarchical model
by AIC and was similar by BIC (AAIC = 16.52, ABIC = —3.18).2 In short, the bifactor,
hierarchical single, and correlated factor models all fit the data well.
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Last, two sets of multiple sample confirmatory factor analyses’ were conducted to examine
measurement invariance (configural [model form], metric [factor loadings], and scalar
[indicator intercepts]) by gender (females vs. males) and site (Montreal vs. Chicago; Chen,
Sousa, & West, 2005; Kline, 2011). Measurement invariance examines the degree to which a
measurement model is psychometrically equivalent across groups and reflects the degree to
which a construct has the same structure and meaning across groups. Configural invariance
means that the same model structure holds across groups (i.e., the two groups have the same
pattern of loadings and factor organization) and that the same factors are being measured
with the same indicators. To examine configural invariance, the same factor model was
estimated in each group. Metric invariance means that groups have equal factor loadings and
that each manifest indicator contributes to the factor to the same degree across groups (i.e.,
the factors have similar meaning). At this level of invariance, the two groups have the same
unit of measurement and relationships between each of the factors and external factors can
be compared across the groups because one unit of change in one group would be the same
as one unit change in the other. To test metric invariance, factor loadings were constrained to
be equal across groups. Scalar invariance means that the origin of the scale (intercept) is the
same across groups. To test scalar invariance, item intercepts were constrained to be equal
across groups. Scalar invariance is necessary for comparing group means because it means
that the groups have the same unit of measurement (factor loadings; metric) as well as the
same origin (indicator intercept) (Chen et al., 2005).

Because chi-square difference tests can be significant with large samples even when the
absolute differences between model estimates are marginal in size (Cheung & Rensvold,
2002; Meade, Johnson, & Braddy, 2008), we compared differences in model fit between
unconstrained and constrained models by examining convergence across CFl and RSMEA
indices such that change in CFI less than or equal to .01, and change in RMSEA less than or
equal to .015 suggests measurement invariance (Chen, 2007; Cheung & Rensvold, 2002;
Meade et al., 2008). Detailed measurement invariance results by gender and site for the
bifactor, hierarchical single, and correlated factors models are located in the Supplemental
Materials, available in the online version of the article. In brief, results suggested that the
bifactor and correlated factors models were invariant across gender at the scalar level, and
the hierarchical single factor model was invariant across gender at the metric level.
Regarding site invariance, results suggested that the bifactor, hierarchical single, and
correlated factor models were invariant at the metric level.

If researchers are interested in examining gender or geographical site differences in the
relationships between cognitive risk product factors and outcomes, results suggest that any
of the models (bifactor, hierarchical single, correlated factors) can be used. If researchers are
interested in examining mean gender differences in these cognitive risk products, results
suggest that the bifactor and correlated factor models can be utilized. If researchers are
interested in examining mean gender differences for the hierarchical single factor model, or
are interested in examining mean differences according to different geographical locations

2.The AIC and BIC model comparisons were incongruent because the BIC penalizes model complexity more heavily than the AIC.
Thus, because the bifactor model has more parameters than both the hierarchical single and correlated factor model, the BIC index for
the bifactor model was penalized more heavily than for the alternative models.
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for any of the models (bifactor, hierarchical single, correlated factors), it is recommended
that the source of potential noninvariance be examined further (e.g., by releasing factor
loading constraints systematically and conducting additional model comparisons) until
partial scalar model invariance is achieved (Putnick & Bornstein, 2016). As these invariance
results did not show consistent and demonstrable problems across gender or sites, we used
the data from all youth (both genders; both sites) to have maximal statistical power to
provide well estimated effect sizes for relations with various external validators (i.e.,
internalizing outcomes) in order to evaluate the external validity and utility of these
structural models by examining associations with internalizing outcomes.

External Validator Regressions

Bifactor Model.—Regression results are reported in Table 4 and Table 7. Links between
each dimension of cognitive risk and external validators are depicted in Figure 2 and in
Supplemental Materials (Figure S1, available in the online version of the article). All
analyses controlled for age and gender. Higher common cognitive risk was associated with
higher depressive symptoms (B = 0.77), higher NA (B = 0.63), lower PA (p = —0.45), and
higher AA (B = 0.62) (all ps < .01). Importantly, higher common cognitive risk predicted an
increased likelihood of experiencing future onset of depressive episode over a 2-year follow-
up even after controlling for history of depression at baseline (odds ratio = 2.30, p< .01).
Significant associations between specific latent cognitive risk factors and external validators
also emerged. Specific-brooding was associated with higher NA (B =0.19, p=.01).
Specific-dependency was associated with lower depression symptoms (f = —0.32) and
higher PA (B =0.29) (ps = .02). Specific-DA predicted a decreased likelihood of
experiencing future onset of depression (odds ratio = 0.52, p=.01).

Hierarchical Single-Factor Model.—Regression results are reported in Tables 5 and 7.
All analyses controlled for age and gender. Higher cognitive risk was associated with higher
depressive symptoms (B = 0.73), higher NA (B = 0.66), lower PA (B = —0.36), and higher
AA (B =0.61) (all ps <.01). Higher cognitive risk predicted an increased likelihood of
experiencing future onset of depression after controlling for history of depression (odds ratio
=1.98, p< .01).

Correlated Five-Factor Model.—Regression results are reported in Tables 6 and 7. All
analyses controlled for age and gender. Higher brooding was associated with higher
depressive symptoms (B = 0.26, p=.04) and higher NA (B = 0.34, p=.01). Higher
dependency was associated with lower depressive symptoms (B = —0.54, p=.02) and higher
PA (B = 0.46, p=.01). Higher self-criticism was associated with higher depressive
symptoms (p = 0.99, p<.01), higher NA (p =0.48, p=.02), and lower PA (B = -0.75, p=.
01). Higher self-criticism predicted a higher likelihood of experiencing future depression
onset (odds ratio = 2.45, p=.01), whereas higher DA predicted a lower likelihood of
experiencing future depression onset (odds ratio = 0.52, p=.03) after controlling for history
of depression at baseline.
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Discussion

The present study examined the validity and utility of a bifactor model of cognitive risk
products using key constructs from several prominent theoretical paradigms, including
Beck’s theory (dysfunctional attitudes), hopelessness theory (negative inferential style),
Blatt’s personality theory (self-criticism, dependency), and response styles theory
(rumination-brooding). Results indicated that the latent bifactor model, as well as the
hierarchical single factor and correlated factor models, exhibited good fit. The bifactor
model consisted of a common cognitive risk factor (¢) as well as multiple specific cognitive
risk dimensions. The construct validity of ¢ was demonstrated with links to internalizing
outcomes that were in line with prior literature and predictions. The usefulness of the
bifactor model was demonstrated by examining patterns of relationships to internalizing
outcomes across the three structural models. Our results suggest that the links to
internalizing outcomes that were found for botf the hierarchical single factor and correlated
factor models were predominantly captured by the bifactor model. Importantly, the latent
bifactor model represented a more parsimonious pattern of relations between dimensions of
cognitive risk and internalizing outcomes as compared with the traditional, widely used
analytical approach of examining these cognitive risk products independently using manifest
measures. Below we discuss the main insights from the study regarding the structure and
organization of cognitive risk products, the relationship of the latent bifactor model of
cognitive risk to internalizing outcomes, and suggested directions for future research.

Structure of Cognitive Risks

Analyses comparing the fit of the bifactor model to two single latent factor (single factor and
hierarchical single factor), and correlated latent factor models showed that the latent bifactor,
hierarchical single, and correlated factor models all fit the data well. However, model fit
alone is not sufficient to justify the use of a particular model (Bonifay, Lane & Reise, 2017;
Snyder & Hankin, 2017). It is important for researchers to consider which structural model
is most well suited for their research question and purpose. A key advantage of the bifactor
model is that it allows for common and unique variance of cognitive risks to be organized
and then these dimensions can be examined in relationship to outcomes. Thus, if researchers
are interested in examining whether common and unique aspects of cognitive risk products
are relatively broadly or specifically related to different forms of psychopathology, the
bifactor model would be most appropriate. In contrast, if researchers are interested in
examining how common orunique aspects of cognitive risk products relate to outcomes,
then a hierarchical single factor or correlated factor model could be used, respectively.

The bifactor model consisted of a common cognitive risk factor (¢) as well as specific
cognitive risk dimensions for measures of dysfunctional attitudes, negative inferential style,
dependency, and brooding. C can be thought of as accounting for what is shared across
cognitive risk measures or the endorsement of a wide span of items across scales. On the
other hand, specific cognitive risk factors reflect unique variance of cognitive risk measures
or patterns of endorsement for specific subscales that are not accounted for by ¢. These
results align with and reconcile prior ostensibly mixed findings supporting both a single
factor (e.g., Hong & Cheung, 2015) and correlated factor structure (e.g., Adams et al., 2007,
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Hankin et al., 2007) and indicate that, despite their origins in distinct theoretical paradigms,
cognitive risks share substantial overlap ana have some unique components. All measures of
cognitive risk products loaded onto the ¢ factor, suggesting that it reflects underlying themes
across cognitive risks. This finding also overlaps with prior work that found a “common
core” of prominent cognitive risk products (Hong & Cheung, 2015).

Examination of factor loadings onto the ¢ factor provides insight into the possible nature of
¢. Variance across selfcriticism indicators was fully accounted for by ¢. The strongest factor
loadings onto ¢ were for self-criticism, brooding on negative-self evaluative content (e.g.,
“There must be something wrong with me or | wouldn’t feel this way”) and negative
inferential style. This suggests that some core features of ¢ could be a tendency to hold
negative self-evaluations and a pessimistic view of the future, to experience hopelessness,
and to dwell on negative self-focused content (Abramson et al., 1989; Blatt, 1974; Nolen-
Hoeksema & Morrow, 1991). The next strongest loadings onto ¢ were for dependency and
dysfunctional attitudes indicators, which reflected relational concerns, and needing approval
from others (Beck, 1976; Blatt, 1974).3

Links Between Cognitive Risks and Internalizing Outcomes

The bifactor model of cognitive risk revealed a clear and theoretically useful pattern of
associations between common and specific dimensions of cognitive risk and internalizing
outcomes. The value of using a latent bifactor model to structure cognitive vulnerabilities
can be seen by comparing the effect sizes for relations between manifest cognitive risks and
internalizing outcomes with the effect sizes for relations between the latent cand unique
cognitive risk dimensions and internalizing outcomes. Using traditional manifest measures,
correlations between individual manifest measures of cognitive risk products and depression
diagnosis onset, NA, PA, and AA reveal a multitude of weak to moderate associations that
do not have as large as an effect size as relations with the latent ¢ factor. The cfactor
emerged as a particularly potent and consistent predictor of all internalizing problems. A
direct comparison of effect sizes of correlations with ¢ relative to average correlations with
manifest cognitive risk measures illustrates that ¢ is more strongly associated with
internalizing outcomes for depression symptoms (7= .75 for cvs. average r= .35 for
manifest risks), AA (r= .62 for cvs. average r =.25 for manifest risks), NA (r= .65 for cvs.
average r =.36 for manifest risks), and PA (r=-.40 for cvs. average r= -.19 for manifest
risks). These findings for manifest cognitive risks, including their effect size, are consistent
with prior literature (e.g., see Hankin, Snyder, & Gulley, 2016 for a review). At the same
time, relationships between internalizing problems and most unique cognitive factors, when
identified via the bifactor model, either decreased in size or did not significantly differ from
zero (Table 2). Thus, in contrast to the traditional approach of examining cognitive risk
products independently in relationship to outcomes using manifest measures, the latent
bifactor model of cognitive risk greatly simplifies and refines the pattern of associations with
internalizing outcomes. Finally, these results suggest that the ¢ factor accounts for the
transdiagnostic nature of several cognitive risks in relating to internalizing problems (cf.,

3.Standardized factor loadings onto cranged from .42 to .73 for self-criticism, brooding on negative-self evaluative content and NIS
indicators; and ranged from .33 to .44 for dependency and DA indicators reflecting interpersonal concerns and contingent self-worth
on others’ approval (see Supplemental Materials for more details, Table S1, available in the online version of the article).
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Hankin, Snyder, Gulley, Schweizer, et al., 2016) given that links with depression symptoms
and diagnosis, as well as associations with broad dimensions associated with internalizing
disorders (negative affectivity, positive affectivity, anxious arousal) were largely driven by c.

In addition to ¢, specific cognitive risk dimensions were also significantly related to external
validators, though associations were sparse and varied depending on the specific cognitive
risk factor and the outcome. Examination of links between specific dimensions and
outcomes yielded two important insights. First, specific aspects of cognitive risk appear to
have varying degrees of strength and specificity in relation to different psychopathological
outcomes, which helps to clarify the extent to which cognitive risk products are
transdiagnostic or specific to different forms of internalizing psychopathology. For instance,
the brooding-specific factor was associated with higher NA, which is consistent with
previous evidence linking brooding to depression and internalizing problems more broadly
(e.g., Holm-Denoma & Hankin, 2010; McLaughlin & Nolen-Hoeksema, 2011; Selby et al.,
2008). Second, two theoretically intriguing links were revealed, both of which were also
observed with the correlated factor model. The dependency-specific factor was associated
concurrently with Jower depression symptoms and Aigher positive affect, and the
dysfunctional attitudes-specific factor was associated with a /ower likelihood of
experiencing a depressive episode over the 2-year follow-up.

Like many psychosocial risks, dependency and DA are a heterogeneous admixture that
appear to include both maladaptive and adaptive elements (e.g., Haeffel et al., 2003; Zuroff,
Mongrain, & Santor, 2004). Dependency encompasses negative themes of loneliness and
fears of abandonment, but also heightened concern for being close to others, which may
have positive effects in some cases. Although dependency is related to depression (Fichman
et al., 1994), negative life events (Shahar & Priel, 2003) and interpersonal problems
(Fichman et al., 1994), it is also associated with agreeableness and support seeking (Zuroff
& Fitzpatrick, 1995), higher perceived social support (Mongrain, 1998; Priel & Shahar,
2000), intimacy in close relationships (Fichman et al., 1994), and positive life events (Shahar
& Priel, 2003). Similarly, DA are thought to reflect rigid rules of living involving
perfectionism, performance, and contingencies of self-worth (Beck, Rush, Shaw, & Emery,
1979). However, some DA, such as perfectionism, may be adaptive when occurring in the
context of high self-esteem, ability, or efficacy (Abramson et al., 2002; Bardone, Vohs,
Abramson, Heatherton, & Joiner, 2000). Thus, our results suggest the possibility that ¢ may
capture those maladaptive aspects of dependency and DA that are shared across cognitive
risks; this allows the unique remaining variance in the specific dependency and DA factors
to reflect the components of these constructs tapping potentially adaptive functions—the
motivation to invest in and seek social support in the case of dependency (Hokanson &
Butler, 1992), or striving to meet high standards in the case of DA (Bardone et al., 2000). In
other words, when the negative aspects of dependency and DA are included in the variance
in ¢, the remaining unique variance can be revealed in a purer manner.

Comparison of Links to Internalizing Outcomes Across Models.—Examination
of the patterns of findings across the bifactor, hierarchical single, and the correlated factor
models suggests that the bifactor model represented the main findings that emerged for both
the hierarchical single factor and correlated factor models. As such, the bifactor model
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appears to demonstrate /ncremental utility by its combining, in one model, the majority of
the external validator results of the two alternative models. The relationships found for cand
the hierarchical single factor closely paralleled one another in magnitude and direction.4 The
bifactor model similarly replicated the main patterns of findings identified with the
correlated factor model. Across both the bifactor and correlated factors models, similar
relations with validators emerged for dimensions tapping self-criticism (¢ and self-criticism
factors); dysfunctional attitudes (specific-DA and DA factors); dependency (specific-
dependency and dependency factors); and brooding (specific-brooding and brooding
factors).5 In other words, results suggest that ¢ corresponds to the hierarchical single factor,
whereas the specific dimensions of the bifactor model generally resemble the dimensions in
the correlated factor model. The bifactor model combined features of both alternative
models and allowed for key links with outcomes to be identified.

Future Directions and Limitations

Not all specific dimensions in the bifactor model were related to internalizing outcomes (i.e.,
specific negative inferential style). We caution that this does not necessarily suggest that
specific cognitive risk factors should be eliminated as they contained significant variance
and could still be related to other outcomes or psychopathologies that were not assessed in
the present study. In the case of NIS, it appears that associations reported in prior work
linking manifest measures of NIS to internalizing problems including depression (Alloy et
al., 2006; Jacobs, Reinecke, Gollan, & Kane, 2008) and PTSD (Elwood et al., 2009) may be
explained by common variance in ¢. Future work may find important links between other
external validators and specific cognitive factors.

Another key future direction for research using this latent bifactor structure of cognitive risk
products is to examine connections with emerging latent factor dimensional models of
psychopathology (e.g., Caspi et al., 2014; Lahey et al., 2015; Snyder, Young, & Hankin,
2016). Such research has the potential to advance our knowledge of how latent cognitive risk
products might contribute to comorbidity and specificity of mental illness (see Hankin,
Snyder, Gulley, Schweizer, et al., 2016). Certain aspects of cognitive risk could be generally
or uniquely associated with different dimensions of psychopathology (e.g., specific
internalizing, specific externalizing, p factor) or particular manifestations of psychiatric
syndromes (e.g., depression). Aspects of cognitive risk that are associated with multiple
psychiatric syndromes or at least one dimension of psychopathology would help to explain
patterns of comorbidity. Dimensions of cognitive risk uniquely associated with particular
psychiatric syndromes could help explain specificity.

4-[3 =0.77 and B = 0.73 for depressive symptoms; B = 0.63 and = 0.66 for NA; B = -0.45and p = -0.36 for PA; p = 0.62 and p =
0.61 for AA; and odds ratios were 2.30 and 1.98 for predicting onset of depressive episodes over 2 years, for cand hierarchical single
factor, respectively.

“The self-criticism factor (correlated factor model) paralleled the majority of findings that emerged for cand internalizing outcomes
(i.e., both factors related to higher depression symptoms and likelihood of depression onset, higher NA, and lower PA). Dimensions
tapping DA predicted lower likelihood for depression onset in the correlated factor model (DA factor) and the bifactor model (specific-
DA factor). Dimensions tapping dependency related to lower depression symptoms and higher PA in the correlated factor model
(dependency factor) and the bifactor model (specific-dependency factor). Dimensions tapping brooding related to higher NA in the
correlated factor model (brooding factor) and the bifactor model (specific-brooding).
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Certain limitations provide avenues for future research. First, our measures of cognitive risk
focused on a subset of prominent cognitive risk product constructs that have primarily been
studied in relation to depression. Future work should examine if a bifactor model of
cognitive risk organizes a wider breadth of cognitive risk products including, for example,
fear of negative evaluation and intolerance of uncertainty, which have traditionally been
studied in relation to anxiety (Hong & Cheung, 2015). Second, our measure of self-criticism
had lower reliability than is typically recommended. However, loadings for self-criticism
indicators were adequate when represented as a latent factor suggesting that error variance
captured at a manifest level was likely reduced when modeled on a latent level.® Third, the
specific brooding, DA, and dependency dimensions in the bifactor model had lower
reliability. Thus, it will be important for future work to utilize more indicators for these
constructs. Fourth, we used self-reports to assess cognitive risks. Self-report methods have
consistently demonstrated validity and utility for predicting mental health outcomes and
understanding risk processes (Haeffel & Howard, 2009; Samuel, Suzuki, & Griffin, 2016),
including for cognitive risks. Still, it will be important for future work to utilize multiple
methods across units of analysis (e.g., behavioral tasks) as part of Campbell and Fiske’s
(1959) multitrait—-multimethod matrix to improve the assessment of construct validity of the
bifactor model of cognitive risk. For instance, including measures of attention biases for
emotional information (e.g., Shechner et al., 2013) or negative self-referential memory
biases (e.g., Taylor & Ingram, 1999) could provide additional information about cognitive
risk processes that is not captured by the self-report measures of cognitive risk products that
were used in present study (e.g., Kelvin, Goodyer, Teasdale, & Brechin, 1999).

Last, to further examine the validity and generalizability of the current bifactor model, future
work should examine replicability in other samples including different age groups and
investigate model stability and change over the life span. A recent prospective study found
that a single latent factor model of cognitive risk (akin to the hierarchical single latent factor
model in the present study) exhibited a stable trajectory across middle childhood in a
community sample (Hong, Lee, Tsai, & Tan, 2017). This suggests that ¢ exhibits stability
starting in middle childhood; this has yet to be investigated.

Over the past several decades, multiple influential cognitive risk paradigms for
psychopathology have been proposed, and key cognitive risk products from these models
have been examined independently in relation to psychopathological problems, particularly
internalizing disorders. The bifactor modeling approach for examining the organization of
constructs has grown in prominence within clinical psychology (e.g., Caspi et al., 2014).
Given concerns regarding such bifactor models (e.g., Bonifay et al., 2017), we did not solely
rely on model fit indices to evaluate the bifactor model. We also incorporated additional
suggested statistics for examining its psychometric properties (Rodriguez et al., 20163,
2016b) and examined construct validity via patterns with external validators (Cronbach &
Meehl, 1955). The present study showed that, rather than considering these cognitive risk

6.1n the single factor model for self-criticism, all standardized factor loadings were significant and were .72 for Indicator 1, .66 for
Indicator 2, and .71 for Indicator 3 (see Supplemental Materials, Table S1, available in the online version of the article, for more

details).

Assessment. Author manuscript; available in PMC 2020 April 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Schweizer et al. Page 20

products as either entirely distinct or overlapping, they can be structured with a bifactor
model, which includes a common cognitive risk factor (shared variance), or ¢, as well as
several specific cognitive risk dimensions (unique variance). C appears to account for the
transdiagnostic nature of multiple cognitive risks and reflects their shared essence. The
hierarchical single factor model and the correlated factor model also fit the data well and
demonstrated links to external validators. This study’s evaluation of structural models to
organize cognitive risk products can inform which model may be optimally matched to
specific investigators’ questions regarding assessment of cognitive risks in psychopathology.
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Figure 1. Bifactor model for cognitiverisks.
Note. The common cognitive risk factor captures what is shared across all cognitive risk

indicators, whereas each specific factor captures what is unique to the indicators in that
measure. Numbers in the boxes are indicator numbers for parcels composed of two or more
items from each cognitive risk measure. Numbers on straight arrows are standardized factor
loadings. The specific self-criticism latent factor has a dashed outline and loadings because
it was subsumed by the common cognitive risk factor.
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Figure 2. Regression effects for bifactor model for cognitiverisks and depression external
validators.

Note. Numbers on straight arrows are standardized regression coefficients for depression
symptoms (top panel) and odds ratios for depression onset (bottom panel). Different
thickness of straight arrows is presented to aid visual comparison of the relative magnitude
of associations between dimensions of cognitive risk and external validators.

*p<.05. **p < .01 (based on the two-stage false discovery rate [FDR]-adjusted p value, or
gvalue).
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Descriptive Statistics for Manifest Measures of Cognitive Risk, External Validators, and Control Variables.

Variable N Range M SD

CDAS 372 9-40 2178 5091
ACSQ 367 36-211 86.20 29.27
DEQ-A, SC 325 850 2678 7.47
DEQ-A, D 322 856 3205 875
CRSQ, Brood 367  0-18 520 370
CDlI 370 0-35 8.85 6.8
MASQ, AA 320 0-25 10.11 514
PANAS-C, NA 378 15-63 2854 943
PANAS-C, PA 378 17-60 4449 830
KSADS, Dep. Dx Onset 369 0-1 0.27 0.45
KSADS, Dep. Dx History 382 0-1 012 032
Age 380 10-15 1257 111
Gender 379 0-1 059 049

Note. CDAS = Child Dysfunctional Attitudes Scale; ACSQ = Adolescent Cognitive Style Questionnaire; DEQ-A, SC = Depressive Experiences

Questionnaire, Self-Criticism subscale; DEQ-A, D = Depressive Experiences Questionnaire, Dependency subscale; CRSQ, Brood = Child
Response Styles Questionnaire, brooding items; CDI = Children’s Depression Inventory; MASQ, AA = Mood and Anxiety Symptom

Questionnaire, anxious arousal items; PANAS-C, NA = Positive and Negative Affect Scale for Children, Negative Affectivity subscale; PANAS-C,
PA = Positive and Negative Affect Scale for Children, Positive Affectivity subscale; KSADS, Dep. Dx Onset = Schedule for Affective Disorders

and Schizophrenia for School-Age Children, major depression diagnosis onset anytime over 2 year follow-up; KSADS, Dep. Dx History =
Schedule for Affective Disorders and Schizophrenia for School-Age Children, lifetime history of major depression diagnosis at baseline.
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