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Abstract

Past psychiatric diagnoses are central to patient case formulation and prognosis. Recently,
alternative classification models such as the Hierarchical Taxonomy of Psychopathology (HiTOP)
proposed to assess traits to predict clinically-relevant outcomes. The current study directly
compared personality traits and past diagnoses as predictors of future mental health and
functioning in three independent, prospective samples. Regression analyses found that personality
traits significantly predicted future first onsets of psychiatric disorders (AR2=06-.15), symptom
chronicity (AR?=.03-.06), and functioning (AR?=.02—.07), beyond past and current psychiatric
diagnoses. Conversely, past psychiatric diagnoses did not provide an incremental prediction of
outcomes when personality traits and other concurrent predictors were already included in the
model. Overall, personality traits predicted a variety of outcomes in diverse settings, beyond
diagnoses. Past diagnoses were generally not informative about future outcomes when personality
was considered. Together, these findings support the added value of personality traits assessment
in case formulation, consistent with HITOP model.
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Diagnostic assessment typically includes evaluation of past (i.e., remitted) diagnoses.
Although past diagnoses serve various functions in clinical practice, one of the key reasons
for their assessment is to inform prognosis (Croft et al., 2015; Kendell & Jablensky, 2003;
Koerner, Hood, & Antony, 2011). Indeed, studies have demonstrated that after adjusting for
current diagnoses, past diagnoses predicted psychiatric and functional outcomes, including
financial difficulties, loneliness, and substance use (Copeland, Wolke, Shanahan, & Costello,
2015; Ormel et al., 2017). However, assessment of past diagnoses usually relies on
retrospective recall of episodes that happened decades earlier. This approach often leads to
symptom underreporting and inconsistency over time (Andrews, Anstey, Brodaty, Issakidis,
& Luscombe, 1999; Bromet, Dunn, Connell, Dew, & Schulberg, 1986; Copeland, Shanahan,
Costello, & Angold, 2011; Moffitt et al., 2010; Olino et al., 2012; Takayanagi et al., 2014).
These limitations may lower prognostic value of past diagnoses.

Personality traits constitute enduring dispositions to a pattern of thoughts, feelings, and
behaviors that underlie mental health (Hur, Stockbridge, Fox, & Shackman, 2018; Krueger
& Tackett, 2006; Shackman et al., 2016; Widiger, 2011). Personality traits are established
as major predictors of future psychopathology, related functional impairment, and life and
treatment outcomes (Bucher, Suzuki, & Samuel, 2019; Jeronimus, Kotov, Riese, & Ormel,
2016; Karsten, Penninx, Verboom, Nolen, & Hartman, 2013; Lahey, 2009; Ozer & Benet-
Martinez, 2006; Roberts, Kuncel, Shiner, Caspi, & Goldberg, 2007; Waszczuk et al., 2018).
For example, Roberts et al. (2007) found that the association of personality with future
outcomes was as strong as that of cognitive ability and socioeconomic status. Neuroticism in
particular is known to be a major predictor of poor mental health and functioning, however,
all broad personality dimensions have shown robust associations with future outcomes
(Bucher et al., 2019; Ozer & Benet-Martinez, 2006).

When compared directly to psychiatric diagnoses, personality traits were superior in
predicting future functioning outcomes (Morey et al., 2007; Morey et al., 2012), in line with
the broader evidence of clinical utility of personality traits in assessment of functional status
(Hopwood et al., 2011; Hopwood et al., 2007). Moreover, one study has found that after
accounting for personality traits, past psychiatric diagnoses were no longer predictive of
new onsets and recurrences of internalizing disorders (Conway, Craske, Zinbarg, & Mineka,
2016). Overall, the evidence indicates that the assessment of personality traits is informative
for predicting future outcomes, and might fully account for the prognostic ability of past
psychiatric diagnoses. Specifically, to date the predictive utility of personality traits has been
demonstrated in direct comparison to past diagnoses of internalizing disorders.

Recently, the Hierarchical Taxonomy of Psychopathology (HiTOP) model has emerged as
an alternative approach to classifying and conceptualizing psychopathology (Kotov, Krueger,
& Watson, 2018; Kotov et al., 2017; Krueger et al., 2018). Importantly, HiITOP does not
focus on past symptoms or diagnoses, and instead includes traits. In particular, personality
traits form the base of HiTOP alongside psychopathology (Widiger et al., 2018). The
classification proposed by the HITOP model demonstrates research and clinical utility,

with the model postulating inclusion of personality traits assessment for patient outcome
prediction (Kotov et al., 2021; Ruggero et al., 2019; Widiger et al., 2018).
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The aim of the current study was to directly compare prognostic utility of personality
traits and past diagnoses in predicting a wide range of future mental health outcomes. The
majority of the diagnoses investigated in the study were from the internalizing domain.
Specifically, using three independent, longitudinal samples, we compared predictions of
future first onsets of internalizing and externalizing psychiatric disorders (Sample 1),
symptom chronicity (Sample 2), and long-term functional outcomes (Sample 3). We
hypothesized that for all future outcomes studied in this paper, personality traits will provide
an additional prediction over and above current and past psychiatric diagnoses, supporting
the view that personality traits should be routinely assessed in clinical practice alongside
diagnostic interviews. Furthermore, we report associations between individual personality
traits and future outcomes, to inform about incremental contributions of specific traits.

Sample 1 — Community adolescents

Participants—~Participants came from the Adolescent Development of Emotions and
Personality Traits (ADEPT) study. The ADEPT cohort at enrollment consisted of 550
adolescent females from Suffolk County, New York, USA (mean age=14.39, SD=.63,
range=13-15 years, 88.5% Caucasian, 67.6% with at least one college educated parent)
(Michelini et al., 2020). Exclusion criteria were history of DSM-IV Major Depressive
Disorder (MDD) or Dysthymia prior to enrollment, an intellectual disability, an absence of
a biological parent willing to participate, an inability to read or understand questionnaires,
and a lack of fluency in English. Both adolescents and parents provided written informed
consents and the study was approved by the Stony Brook University’s IRB.

The current study focuses on N=469 participants for whom personality traits and both past
and current diagnoses were available at waves 3 (hereon referred to as baseline) and wave 5
(hereon referred to as 20-month follow-up). Wave 3 was selected as a baseline to ensure a
sufficient number of past diagnoses. The analytic sample had baseline mean age=15.85 years
old (SD=0.63, range=15-17) and was 87.8% Caucasian.

Diagnoses—DSM-1V diagnoses were assessed at baseline and 20-month follow-up,

using the semi-structured diagnostic interview Kiddie Scheduled for Affective Disorders

and Schizophrenia for School-Aged Children, Present and Lifetime Version (KSADS-PL)
(Kaufman et al., 1997). Interviews were conducted by extensively trained research staff
under the supervision of clinical psychologists. The KSADS-PL has excellent reliability and
validity in diagnosing adolescent psychopathology (Kaufman et al., 1997). The analyses
focused on five diagnostic classes: Any depressive disorder, Any anxiety disorder, Any
eating disorder, Any substance use disorder, and Any behavioral disorder. The inter-rater
reliability was good [« range: .68 (Depression NOS) to .94 (Any Anxiety Disorder) based on
25 interviews].

Personality traits—Adolescents completed the 44-item self-report Big Five Inventory
(BFI) at baseline (John, Donahue, & Kentle, 1991). The BFI measures five personality
traits; extraversion, agreeableness, conscientiousness, neuroticism, and openness to new
experiences, using a Likert scale ranging from 1 (disagree strongly) to 5 (agree strongly).
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This measure is commonly used to assess personality in adults and adolescents (Soto, John,
Gosling, & Potter, 2011) and demonstrates good reliability and validity (John & Srivastava,
1999), including in our sample (a=.76-86).

Functioning—Adolescents completed two age-appropriate measures of functioning. The
revised version of School Attitude Assessment Survey (SAAS-R) (McCoach & Siegle,
2003) was used to measure factors associated with students’ academic achievement. Three
subscales were assessed and combined into a total score: Attitudes Toward Teachers,
Attitudes Toward School, and Motivation/Self-Regulation. The response scale ranges from
1 (strongly disagree) to 7 (strongly agree). The scale demonstrates sound psychometric
properties in youth (Dedrick, Shaunessy-Dedrick, Suldo, & Ferron, 2015; Suldo, Shaffer,

& Shaunessy, 2008). The Multidimensional Scale of Perceived Social Support (MSPSS)
(Zimet, Dahlem, Zimet, & Farley, 1988) was used to measure adolescents’ subjective social
support from three sources: family, friends, and a significant other. Reponses ranged from 1
(very strongly disagree) to 7 (very strongly agree). Good psychometric properties have been
found with the MSPSS in several studies with adolescents and young adults (Canty-Mitchell
& Zimet, 2000; Zimet, Powell, Farley, Werkman, & Berkoff, 1990).

Sample 2 - Trauma-exposed primary care patients

Participants—~Participants were recruited from the World Trade Center (WTC) Health
Program in the USA between October 2014 and February 2016, where they were receiving
health monitoring or treatment (medical or psychiatric) (Dasaro et al., 2015). All participants
were exposed to the 9/11 disaster and were recruited for a study (N=202) focused on the
daily relationships between PTSD and physical health, and oversampled for high PTSD
symptoms (Dornbach-Bender et al., 2019). The current study focuses on N=133 participants
who completed optional baseline personality trait assessments (mean age=53.72, SD=8.85,
range=35-85, 85% male, 85% Caucasian, 76% completed at least some college education).
The analysis subsample did not differ from the total sample on any baseline demographic
characteristics, symptoms, and diagnoses (Table S1 in the Supplementary Materials). The
1-year follow-up symptom data were available from the monitoring records of the WTC
Health Program. The study was approved by the Stony Brook University IRB, and all
participants provided a written informed consent.

Diagnoses—The past and current PTSD, MDD, and Panic disorder diagnoses were
derived at baseline using the Structured Interview for the DSM-IV (SCID) (First, Spitzer,
Gibbon, & Williams, 1997). The assessment was administered by trained interviewers under
the close supervision of clinical psychologists. Previous assessments of reliability of the
trained interviewers in independent studies in this population demonstrated good inter-rater
agreement for Axis | diagnoses, including x=.82 for current PTSD diagnosis (Bromet et al.,
2016; Gonzalez et al., 2017).

Personality traits—The Personality Inventory for DSM-5 (PID-5) (Krueger, Derringer,
Markon, Watson, & Skodol, 2012), a 220-item questionnaire with a four-point response
scale (O=very false to 3=very true), was used to measure five higher-order maladaptive
personality traits (Krueger et al., 2012). The PID-5 domains broadly map on domains
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of normal personality: negative affectivity corresponds to neuroticism, detachment to low
extraversion, disinhibition to low conscientiousness, and antagonism to low agreeableness,
with the PID-5 including an additional psychoticism domain instead of openness to
experience (Krueger & Markon, 2014; Thomas et al., 2012). Psychometric properties of the
PID-5 are well-documented (Krueger et al., 2012; Krueger & Markon, 2014), and internal
consistencies were very high in the current sample (a=.91-.95).

Symptoms and functioning—PTSD symptoms were measured at baseline and 1-year
follow-up using the Posttraumatic Stress Disorder Checklist-Specific Version (Weathers,
Litz, Herman, Huska, & Keane, 1993), a 17-item self-report questionnaire assessing, on a
five point scale (1=not at all to 5=extremely), the severity of WTC-related DSM-IV PTSD
symptoms in the past month. The scale demonstrates excellent psychometric properties
(Blanchard, Jones-Alexander, Buckley, & Forneris, 1996; Dobie et al., 2002; Wilkins, Lang,
& Norman, 2011), and had an excellent internal consistency in the current sample (a=.95).

Depression symptoms were assessed at baseline using the 20-item General Depression scale
of the Inventory of Depression and Anxiety Symptoms, expanded version (IDAS-I1) (Watson
etal., 2012). The IDAS-1I measures symptoms in the past two weeks, rated on a 5-point
scale (1=not at all to 5=extremely). Depression symptoms at 1-year follow-up were assessed
using the Patient Health Questionnaire (PHQ-9) (Kroenke, Spitzer, & Williams, 2001), a
9-item questionnaire on a 4-point scale (0=not at all to 4=nearly every day). The internal
consistency was very high (a=.92).

Global mental health functioning was assessed at baseline and 1-year follow-up using the
mental subscale from a 12-item Short-Form Health Survey (Ware, Keller, & Kosinski, 1998;
Ware, Kosinski, & Keller, 1996). The mental subscale taps the vitality, social functioning,
and role functioning difficulties caused by mental health problems. The scale is normed to a
general USA population mean of 50 and a SD of 10; higher scores represent better mental
health functioning.

Family life impairment was assessed using the Sheehan Disability Scale (SDS) (Sheehan,
1986). Participants rated the extent to which their symptoms interfered with family life
or home responsibilities during the last month, using a 10-point Likert scale (O=Not at

all impaired, 5=Moderately impaired, 10=Very severely impaired). The measure is well
validated (Leon, Olfson, Portera, Farber, & Sheehan, 1997).

Sample 3 — Psychiatric patients

Participants—~Participants were drawn from the Collaborative Longitudinal Personality
Disorders Study (CLPS) (Gunderson et al., 2000), a multisite, naturalistic longitudinal study.
The CLPS enrolled 668 participants in Northeastern USA aged between 18 to 45 years old,
who had either personality disorders or current depression without any personality disorder.
The current study focuses on N=604 participants for whom both past and current diagnoses
were available at baseline for Axis | disorders (mean age=32.72, SD=8.09, range=18-45
years old; 65% female, 70.1% Caucasian). Written informed consent was provided by all
participants. The study was approved by each collaborating site’s IRB.
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Diagnoses—The past and current Axis | diagnoses were assessed at baseline using

the SCID for DSM-1V (First et al., 1997). Participants were interviewed in person by
experienced interviewers with master’s or doctoral degrees in mental health disciplines, who
underwent extensive standardized training and received regular supervision (Zanarini et al.,
2000). The current study focuses on Axis I diagnoses of MDD, PTSD, Panic, Other Anxiety
disorders, OCD, and Eating disorders. The inter-rater reliability ranged from fair to excellent
[x range: .56 (OCD) to .88 (PTSD)] (Zanarini et al., 2000).

Personality traits—Participants completed the 240-item NEO Personality Inventory—
Revised (Costa & McCrage, 1992), which was designed to assess dimensions of the
five-factor model of personality: neuroticism, extraversion, openness to experience,
agreeableness, and conscientiousness. Internal consistency reliabilities for the five domains
in this sample at the baseline assessment ranged from .87 to .92.

Functioning—Functioning was assessed at baseline, 2-year, and 10-year follow-ups. The
Global Assessment of Functioning (GAF) (Endicott, Spitzer, Fleiss, & Cohen, 1976) is a
commonly used clinician-rated single item score, ranging from 1 to 100, that indicates an
overall symptom severity and level of functioning. The Longitudinal Interval Follow-Up
Evaluation (LIFE) (Keller et al., 1987) is a semi-structured interview that was used to assess
psychosocial functioning. Three domains of functioning were assessed: interpersonal, work,
and recreation. Both outcome measures are well validated (Jones, Thornicroft, Coffey, &
Dunn, 1995; Startup, Jackson, & Bendix, 2002; Warshaw, Keller, & Stout, 1994).

Analytic approach

The incremental prediction of future outcomes by personality traits vs. past diagnoses was
evaluated using regression models. Analyses controlled for current diagnoses at baseline
and, where needed, baseline levels of the outcome variables (entered first in the model as
covariates). Next, two sets of regressions were conducted for each outcome. In the first set,
past diagnoses at baseline were included as the first block of predictors, and the incremental
validity of baseline personality traits entered as the second block of predictors was tested.
In the second set, baseline personality traits were included as the first block, and the
incremental validity of the block of past diagnoses was tested. Each outcome constituted

a dependent variable in a separate regression model. The incremental prediction of past
diagnoses vs personality traits was compared using AR? analysis of deviance chi-square
tests. All analyses were conducted in SPSS version 25.

Specifically, in Sample 1, logistic regressions were used to prospectively predict 20-months
psychiatric disorder first onsets, grouped by domain. Blocks were all current baseline
diagnoses (i.e., from all domains), all past diagnoses, and personality traits at baseline.
Moreover, linear regression analyses were used to prospectively predict the 20-month
functioning outcomes. Blocks were baseline functioning, all current baseline diagnoses, all
past diagnoses, and personality traits at baseline. In Sample 2, linear regression analyses
were used to prospectively predict the 1-year course of psychiatric symptoms. Blocks were
baseline psychiatric symptoms, current baseline internalizing diagnoses, past internalizing
diagnoses, and personality traits at baseline. In Sample 3, linear regression analyses were
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used to prospectively predict 2- and 10-year functioning outcomes. Blocks were baseline
functioning, current baseline internalizing diagnoses, past internalizing diagnoses, and
personality traits at baseline.

Sensitivity analyses—Finally, to ensure that covariates, in particular current diagnoses,
do not affect the pattern of results, analyses were repeated including only the two predictor
blocks: past psychiatric diagnoses and baseline personality traits (entered in both orders).
Second, to compare the prediction of lifetime diagnoses vs. personality traits, past and
current diagnoses were collapsed into lifetime diagnoses. The main regression analyses
were repeated with lifetime diagnoses as a predictor block and without including current
diagnoses. For example, in Sample 2, baseline psychiatric symptoms were entered first,
followed by lifetime diagnoses and personality traits at baseline (entered in both orders).

Incremental predictions

Descriptive statistics for measures included in three samples are reported in Table 1. The
incremental predictions by personality traits and past diagnoses across all outcomes are
summarized in Figure 1.

In Sample 1, after adjusting for current and past baseline diagnoses, personality traits
provided a significant incremental prediction of the first onsets of depressive (AR?=.06),
anxiety (AR?=.15), and behavioral disorders (AR?=.10) at 20-month follow-up, but not of
the first onsets of substance use and eating disorders (Table 2). Conversely, after adjusting
for current baseline diagnoses and personality traits, past diagnoses provided no significant
incremental prediction of first onsets. Jointly, baseline diagnoses and personality traits
accounted for R2=.18-.34 in first onsets of disorders, with personality accounting for 17.6%
to 62.5% of the total variance explained by the models.

Furthermore, in Sample 1, after adjusting for current functioning, and current and past
baseline diagnoses, personality traits provided a significant incremental prediction of
functional outcomes at 20-month follow up (AR?=.02—-.03) and uniquely accounted for 7.4%
to 8.8% of the total variance in functional outcomes. Conversely, after adjusting for current
functioning, current baseline diagnoses and personality traits, past diagnoses provided no
significant incremental prediction of future functioning. Notably, after adjusting for baseline
functioning, current diagnoses predicted social attitudes (AR%=.02), but not perceived social
support at 20-month follow up.

In Sample 2, after adjusting for baseline symptoms, and both current and past internalizing
diagnoses, personality traits provided significant incremental prediction of change in PTSD
symptoms (AR?=.03), depression symptoms (AR?=.05), and mental health functioning
(AR?=.06) a year later, but not family life impairment (Table 3). Conversely, past
internalizing diagnoses did not provide any significant incremental prediction when baseline
symptoms, current internalizing diagnoses, and personality traits were included in the
model. Notably, after adjusting for baseline symptoms, current internalizing diagnoses

did not provide any incremental prediction of 1-year PTSD and depression symptoms,
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but predicted 1-year mental health functioning and family life impairment (AR2=.05-.06).
Jointly, baseline symptoms, internalizing diagnoses and personality traits accounted for
R2=.54-.80 in 1-year symptom course, with personality accounting for 3.8% to 9.7% of the
total variance explained by the models.

In Sample 3, after adjusting for baseline functioning, and both current and past internalizing
diagnoses, personality traits provided significant incremental prediction of 2-year and 10-
year outcomes on GAF (AR?=.03) and LIFE ratings (AR?=.03-.07), except the 10-year
LIFE work functioning (Table 4). Conversely, past internalizing diagnoses did not provide
any significant incremental prediction when baseline functioning, current internalizing
diagnoses, and personality traits were included in the model. Moreover, for 2-year

and 10-year LIFE outcomes, current internalizing diagnoses also did not provide any
incremental prediction over and above the baseline functioning, but they predicted GAF
outcomes (AR?=.03 and .04 at follow-up years 2 and 10, respectively). Jointly, baseline
functioning, internalizing diagnoses, and personality traits accounted for R?=.14-.35 in
2-year functioning outcomes, and R%=.12—.28 in 10-year functioning outcomes. Personality
accounted for 8.6% to 35.7% of the total variance explained by the models predicting 2-year
outcomes, and 17.9% to 50.0%. of the total variance explained in 10-year outcomes.

Associations with individual personality traits

The associations between individual personality traits at baseline and future outcomes

are reported in Table S2 in the Supplemental Materials. Across the three Samples, in
unadjusted models personality traits were in general significantly associated with all
outcomes. Specifically, neuroticism/negative affectivity and conscientiousness/disinhibition
demonstrated the largest number of associations with outcomes. In final regression models
adjusted for covariates, past and current diagnoses, and other personality traits, only a
handful of significant unique associations remained. Most prominently, agreeableness was
uniquely associated with the first onsets of any behavioral (OR=.54) and any substance

use disorders (OR=.66) in Sample 1, as well as GAF at 2-year follow up (f=.11) and

GAF and LIFE interpersonal at 10-year follow up (f=.13 and .14, respectively) in Sample
3. Extraversion was uniquely associated with the first onsets of any anxiety diagnoses
(OR=.65) in Sample 1, 2-year LIFE interpersonal (f=.13) and 10-year LIFE recreation
(p=.19) outcomes in Sample 3, while detachment was uniquely associated with PTSD and
Depression symptoms (f=.15 and .07, respectively) in Sample 2. Openness to experience
was uniquely associated with positive school attitude in Sample 1 (=.09), and 2-year LIFE
recreation (p=.18) and 10-year GAF and LIFE recreation (f=.10 and .12, respectively)
outcomes in Sample 3. Neuroticism was uniquely associated with the first onsets of

any depressive (OR=1.52) and any anxiety disorders (OR=2.40) in Sample 1, family life
impairment (B=.21) in Sample 2, and GAF at 10-year follow up (B=-.13) in Sample 3.
Finally, conscientiousness was only associated with positive school attitude (f=.15) outcome
in Sample 1 and 2-year LIFE work ($=.13) outcome in Sample 3 in fully adjusted models.

Sensitivity analyses

The sensitivity analyses found that past diagnoses were generally not predictive over and
above personality traits when current diagnoses and other concurrent covariates were not
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accounted for, with five exceptions. In Sample 1, when current diagnoses were excluded
from the models, past diagnoses predicted first onsets of substance use and school attitude at
20-months follow up, over and above personality (AR?=.08 and .02, respectively, Table 5).
In Sample 3, when baseline functioning and current internalizing diagnoses were excluded
from the models, past internalizing diagnoses were significant predictors of 2-year and 10-
year functional outcomes on GAF, and 2-year LIFE recreation, over and above personality
(AR2=.03-.04, Table 5). Conversely, past internalizing diagnoses were not predictive of
symptoms change over and above personality traits in Sample 2.

Finally, the sensitivity analyses comparing lifetime (past and current) diagnoses and
personality traits, while controlling for baseline covariates, are reported in Supplementary
Table S3, available online. In Sample 1, lifetime diagnoses predicted first onsets of
depressive disorders and substance use, over and above personality traits (AR?=.16 and

.10, respectively). In Sample 2, lifetime internalizing diagnoses did not predict outcomes
beyond personality and baseline traits. Finally, in Sample 3, lifetime internalizing psychiatric
diagnoses demonstrated prediction of functional outcomes over and above baseline
functioning and personality traits for 2-year GAF and LIFE interpersonal (both AR?=.03).

Discussion

The current multi-sample study found that personality traits significantly predicted future
first onsets of psychiatric disorders, symptom chronicity, and functional impairment, over
and above past psychiatric diagnoses. Moreover, past psychiatric diagnoses, which were
largely from the internalizing domain, did not provide incremental prediction of the majority
of these important outcomes when personality traits were already included in the model.
This suggests that traits may capture relevant prognostic information contained in past
diagnoses, in addition to other features that are important for prognostic predictions. Overall,
personality traits are informative for patient prognosis and should be routinely assessed in
clinical practice alongside diagnostic interviews.

Personality traits constituted a significant predictor of almost all future outcomes assessed in
this study. The results complement earlier findings in the CLPS sample, which demonstrated
significant contributions of personality traits to predicting future patient functioning, over
and above personality disorder diagnoses (Morey et al., 2007; Morey et al., 2012). However,
here we extended these findings to Axis | diagnoses, mainly from the internalizing domain,
and investigated predictions separately for past and present diagnoses. Moreover, when
predicting future outcomes, personality traits were predictive beyond corresponding baseline
self-reported symptoms and clinician-rated functioning. This is consistent with previous
findings demonstrating that personality traits predict future psychopathology even when
baseline symptoms are already included in the models (Jeronimus et al., 2016; Karsten et al.,
2013; Klein, Kotov, & Bufferd, 2011; Ormel et al., 2013; Waszczuk et al., 2018).

Traits may be predictive of future outcomes because they capture the general disposition
to experience certain symptoms and states, as evidenced by their good correspondence

to the average levels of symptoms and experiences captured by ecological momentary
assessments (DeYoung et al., 2020). Moreover, personality traits, symptoms, and disorders
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share etiological mechanisms, and traits might index common vulnerabilities (Durbin &
Hicks, 2014; Klein et al., 2011). Notably, the current pattern of results was consistent across
measures of both normal and maladaptive personality traits, in line with the evidence that
they largely map onto the same latent dimensions (Widiger & Presnall, 2013; Widiger et al.,
2018).

Conversely, past diagnoses, which were largely from the internalizing domain, contributed
little prognostic utility when personality traits were included in the models. Specifically,
past diagnoses contributed no incremental predictions when both current diagnoses and
personality traits were included in the models, and predicted only five outcomes over

and above personality traits in models without current diagnoses. This pattern of results

is consistent with one previous study demonstrating that after accounting for personality
traits, past internalizing disorder diagnoses were no longer predictive of new onsets and
recurrences of internalizing disorders (Conway et al., 2016). The current study extends
this work by predicting symptoms chronicity and various forms of functioning in three
independent samples.

This pattern of findings could be due to several possible factors that challenge the validity

of past diagnostic data, in particular biases in retrospective recall (Andrews et al., 1999;
Bromet et al., 1986; Copeland et al., 2011; Moffitt et al., 2010; Olino et al., 2012;
Takayanagi et al., 2014). For example, half of individuals hospitalized due to depression

did not receive a past depression diagnosis when interviewed 25 years later (Andrews et al.,
1999). This might be caused by forgetting past symptoms, especially if they occurred during
a single episode, or due to cognitive reframing of past experiences, so that they are no longer
recounted in a way that supports the assignment of a diagnosis (Streiner, Patten, Anthony,

& Cairney, 2009). Moreover, it is possible that in a proportion of participants, in particular
in community settings, diagnoses reflect an isolated episode of psychiatric illness followed
by a full recovery (Glazer et al., 2019; Monroe & Harkness, 2011; Spencer, Biederman, &
Mick, 2007), contributing little prognostic value for future outcomes. As such, the results are
consistent with the idea that past episodes predict future outcomes if they reflect or make a
lasting impact on person’s traits. These possibilities remain to be tested directly.

Past diagnoses predicted substance use first onsets and four functional outcomes over and
above personality traits in models without current diagnoses. Similarly, when past and
current diagnoses were combined into lifetime diagnoses, they were predictive of first
onsets of depressive disorders and substance use, as well as several future functional
outcomes, over and above personality traits. This is consistent with the assessment of
functioning being integral to deriving psychiatric diagnoses. However, diagnoses did not
contribute an incremental prediction of future PTSD and depression symptoms, over and
above baseline symptoms. This finding compliments previous literature demonstrating
that symptoms outperform diagnoses in predicting patients’ functioning and medication
prescriptions (Conway et al., 2018; Waszczuk, Kotov, Ruggero, Gamez, & Watson, 2017;
Waszczuk, Zimmerman, et al., 2017).

The current results might to some degree be driven by differences in statistical properties
between traits and categorical diagnoses. Specifically, traits might serve as better predictors
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in statistical models due to their dimensional assessments that capture a full range of
severity. Conversely, diagnostic interviews contain skip-out rules and don’t routinely support
scoring disorder criteria continuously, but it is possible to modify SCID administration to
achieve reliable dimensional symptom counts (Shankman et al., 2018). It is also possible
that imperfect inter-rater reliabilities and other psychometric limitations affected predictions
by diagnoses. Field trails demonstrated that categorical diagnoses routinely do not meet
accepted inter-rater reliability standards (Regier et al., 2013), but the same disorders often
showed excellent reliability when conceptualized dimensionally (Markon, Chmielewski, &
Miller, 2011; Shea et al., 2002).

The results support HiTOP’s core focus on traits and symptoms in the present, and its
assertion that personality traits are informative for prognostic decision-making (Ruggero et
al., 2019; Widiger et al., 2018). The integration of personality traits assessment into clinical
practice is feasible and in line with the DSM-5 inclusion of the self-report Personality
Inventory for DSM-5 as an alternative to categorical personality disorders (Bach, Markon,
Simonsen, & Krueger, 2015; Krueger et al., 2012; Krueger & Markon, 2014; Rodriguez-
Seijas, Eaton, & Krueger, 2015). Moreover, mental health clinicians surveyed on this issue
have usually been supportive and rated personality traits as clinically useful, in particular
for patient communication purposes (Glover, Crego, & Widiger, 2012; Morey, Skodol, &
Oldham, 2014).

Although the current study demonstrates the incremental utility of personality traits in
aggregate, agreeableness and extraversion emerged as top unique predictors of future
outcomes, beyond covariates, diagnoses, and other personality traits. Agreeableness and
extraversion have previously been shown to prospectively associate with mental health and
functioning (Bucher et al., 2019; Hakulinen et al., 2015; Laursen, Pulkkinen, & Adams,
2002; Ozer & Benet-Martinez, 2006; Tackett, Hernandez, & Eisenberg, 2019). Both traits
appear to capture information that is not included in diagnoses, possibly pertaining to

the quality of interpersonal relationships (Braveman, Egerter, & Williams, 2011; Swickert,
2009; Tackett et al., 2019). Nonetheless, even personality traits thought to correspond more
directly to internalizing psychopathology, such as neuroticism, showed unique associations
with future disorder first onsets and functioning. This might be due to traits better capturing
general underlying vulnerability, across the entire dimension of risk. Overall, the results
support previous calls for assessments of all personality traits simultaneously in clinical
practice (Bucher et al., 2019).

Strengths of the current study include a comprehensive personality trait and clinical
outcomes assessment that was collected alongside a structured diagnostic interview of past
and present psychopathology in three independent, longitudinal samples. However, several
limitations are notable. First, shared methods variance might explain why self-reported traits
outperform interview-derived diagnoses in predicting future symptom outcomes. However,
this confound cannot account for the findings that personality is also a better predictor of
interviewer-derived future disorder onsets and long-term functioning. Moreover, the majority
of diagnoses in the study come from the internalizing domain, thus it is possible that
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diagnoses from other domains would demonstrate a better incremental prediction. Relatedly,
in Sample 2, the use of different measures of depression symptoms at baseline and 1-year
follow up might have limited the precision of adjusting for baseline symptoms.

Second, prediction in statistical models cannot tell us about clinician prognosis in real-life
clinical settings. In particular, while statistically significant, some of the incremental effect
sizes achieved by adding personality traits to the prediction models might not be clinically
meaningful. Third, the community adolescent sample did not present with a high number

of past eating disorders and substance use diagnoses, which might have contributed to

the low prognostic utility of past diagnoses for future disorder incidents in this sample.
Moreover, the exclusion of adolescents with a history of MDD or dysthymia at enrollment
(approximately 18 months prior to the baseline time point of the current study) might have
impacted the ability of any past depressive diagnoses to predict future first onsets. However,
onset of many disorders occur in adulthood, so psychiatric history in youth can have limited
prognostic information (Kessler et al., 2007; Kessler et al., 2005). Personality traits can
provide a more comprehensive indication of vulnerability in developmental populations than
past diagnoses.

Fifth, the current study does not explicate the mechanisms though which personality

is associated with future psychiatric outcomes. Many pathways are plausible, including
personality sharing an underlying vulnerability, or constituting an indirect or direct causal
factor, for future outcomes (Durbin & Hicks, 2014; Klein et al., 2011; Krueger & Tackett,
2003). Overall, a mechanistic understanding of complex personality-psychopathology
relationships is needed for extending the current clinical implications beyond the outcome
prediction, towards informing intervention approaches that target personality vulnerabilities
directly.

Conclusions

The current multi-sample study demonstrated that personality traits predict future mental
health outcomes, over and above diagnoses. Past psychiatric diagnoses, which were largely
from the internalizing domain, were generally no longer informative about future outcomes
when personality traits were included in predictive models. Together, these findings suggest
that in order to improve the prediction of future psychiatric outcomes, clinicians should
consider incorporating personality traits in patients’ assessments and case formulations.
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Figure 1 —. Incremental predictions of mental health outcomes by personality traits and past

diagnoses.

Notes: Asterisk denotes significant AR? at p<.05 when the predictor was added to the model
in the final regression block, after accounting for all other predictors.
In the community adolescents sample, the effect size for analyses of first onsets is reported

as Nagelkerke pseudo R2.
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Diagnoses, personality traits, symptoms, and functioning measures in each study

Table 1 —

Sample 1, Community adolescents (ADEPT study), N=469

Current diagnoses at baseline

Any depressive disorder

Any anxiety disorder

Any eating disorder

Any substance use

Any behavioral disorder

Past diagnoses at baseline

Any depressive disorder

Any anxiety disorder

Any eating disorder

Any substance use

Any behavioral disorder

First onsets by 20-month follow-up
Any depressive disorder

Any anxiety disorder

Any eating disorder

Any behavioral disorder

Any substance use

Personality traits (BFI) at baseline
Neuroticism

Extraversion

Conscientiousness

Agreeableness

Openness to experience
Functioning at baseline

School attitude

Perceived social support
Functioning at 20-month follow up
School attitude

Perceived social support

Sample 2, Trauma-exposed primary care adult patients (WTC study), N=133

N (%)

18 (3.8%)
105 (22.4%)
11 (2.3%)
11 (2.3%)
29 (6.2%)

49 (10.4%)
82 (17.5%)
6 (1.3%)

9 (1.9%)
18 (3.8%)

36 (7.7%)
24 (7.2%)
22 (4.7%)
15 (3.2%)
34 (7.2%)
Mean (SD)
2.82 (.85)
3.67 (.86)
3.68 (.71)
4.06 (.67)
3.89 (.57)

15.82 (3.27)
17.21 (3.08)

16.34 (3.18)
17.45 (3.09)

Current diagnoses at baseline
PTSD

MDD

Panic

Past diagnoses at baseline
PTSD

MDD

Panic

Clin Psychol Sci. Author manuscript; available in PMC 2022 August 11.

N (%)

26 (18.8%)
21 (15.1%)
9 (6.5%)

27 (20.3%)
34 (25.6%)
5 (3.8%)
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Personality traits (PI1D-5) at baseline
Negative Affectivity

Detachment

Disinhibition

Antagonism

Psychoticism

Current symptoms/functioning at baseline

PTSD symptoms
Depression symptoms
Mental health functioning

Family life impairment

Current symptoms/functioning at 1 year follow-up

PTSD symptoms
Depression symptoms
Mental health functioning

Family life impairment

Mean (SD)
46.9 (8.97)
48.49 (9.53)
49.28 (10.52)
46.15 (8.19)
46.08 (8.31)

35.02 (14.86)
40.49 (13.86)
43.95 (12.25)
3.34(3.07)

39.38 (17.28)
8.18 (7.04)
43.71 (12.24)
3.61 (3.06)

Sample 3, Adult psychiatric patients (CLPS study), N=604

Current diagnoses at baseline
MDD

PTSD

Panic

Other Anxiety disorders
OoCD

Eating disorders

Past diagnoses at baseline
MDD

PTSD

Panic

Other Anxiety disorders
OoCD

Eating disorders
Personality traits (NEO-PI-R) at baseline
Neuroticism

Extraversion
Conscientiousness
Agreeableness

Openness to experience
Functioning at baseline
GAF

LIFE interpersonal

LIFE work

LIFE recreation

Functioning at 2-year follow-up
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N (%)

279 (46.2%)
138 (22.8%)
123 (20.4%)
235 (38.9%)
78 (12.9%)
106 (17.5%)

241 (39.9%)
52 (8.6%)

43 (7.1%)

28 (4.6%)

18 (3.0%)

63 (10.4%)
Mean (SD)
119.86 (24.14)
93.15 (22.29)
101.01 (24.88)
114.70 (19.24)
117.97 (21.63)

57.73 (10.71)
2.75 (.90)
1.91 (.96)
3.03 (1.20)
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GAF

LIFE interpersonal

LIFE work

LIFE recreation

Functioning at 10-year follow-up
GAF

LIFE interpersonal

LIFE work

LIFE recreation

59.86 (13.08)
2.45 (.86)
2.32 (1.02)
2.46 (1.19)

61.36 (13.33)
2.47 (.89)
2.73 (1.06)
2.56 (1.09)

Notes: GAF — The Global Assessment of Functioning; LIFE - The Longitudinal Interval Follow-up Evaluation
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Table 2 —

Page 23

Incremental prediction by past diagnoses vs personality traits of disorder first onsets and functional outcomes
in community adolescents (Sample 1)

20-month Outcomes Model 1 Model 2
Predictor added RZ AR? opR2 p Predictor added RZ AR? opR2 p
Any Depressive diagnoses Current diagnoses 27 Current diagnoses 27
first onsets i .
Past diagnoses 28 .01 3.6% .07 Personality .33 .06 18.2% <.01*
Personality 34 06 17.6% <.01* Past diagnoses 34 01 29% .29
Any Anxiety diagnoses first Current diagnoses .07 Current diagnoses .07
onsets
Past diagnoses .08 .01 125% .79 Personality 22 15 682% <.01*
Personality 24 15  625% <.01* Past diagnoses 24 02 83% .54
Any Eating diagnoses first Current diagnoses .06 Current diagnoses .06
onsets
Past diagnoses .09 .03 333% .29 Personality .08 .02 25.0% .72
Personality A1 .01 9.1% .83 Past diagnoses 11 .03 273% .38
Any Behavioral diagnoses Current diagnoses .03 Current diagnoses .03
first onsets i .
Past diagnoses .08 .05 625% .19 Personality 13 11 84.6% .04*
Personality 19 .10 52.6% .04* Past diagnoses 19 05 263% .19
Any Substance use diagnoses  Current diagnoses .10 Current diagnoses .10
first onsets i .
Past diagnoses 14 04 286% .10 Personality 16 .06 375% .04*
Personality 18 .05 278% .09 Past diagnoses 18 .03 16.7% .26
School attitude Current school .29 Current school .29
attitude attitude
Current diagnoses .31 .02  6.5% .03* Current diagnoses .31 .02  6.5% .03*
Past diagnoses 31 .00 0.0% .28 Personality 33 .03 91% 01*
Personality 34 .03 88% .01* Past diagnoses 34 .01 2.9% .28
Perceived social support Current perceived .22 Current perceived .22
social support social support
Current diagnoses 24 .02 83% .08 Current diagnoses 24 .02 83% .08
Past diagnoses 25 .01 4.0% .10 Personality 26 .02 7.7% .03*
Personality 27 02  74% .04* Past diagnoses 27 01 37% 14

Notes: Current and past diagnoses included: any depressive disorders, any anxiety disorders, any eating disorders, any substance use, and

behavioral disorders. Personality traits included: neuroticism, extraversion, conscientiousness, agreeableness, and openness to experience.

The effect size for analyses of first onsets is Nagelkerke pseudo R2. Percentage R2 denotes the proportion of the total variance explained by the

predictor added. P-value denotes significant AR? at p<.05.
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Table 3 -

Page 24

Incremental prediction by past diagnoses vs personality traits of symptom course in trauma-exposed primary
care adult patients (Sample 2)

1-year Outcomes Model 1 Model 2
Predictor added R2 AR? opR? p Predictor added RZ AR? opR2 p
PTSD symptoms Current PTSD symptoms .75 Current PTSD symptoms .75
Current diagnoses 76 .01 1.3% 44 Current diagnoses 76 .01 1.3% 44
Past diagnoses g7 .02 2.6% .10 Personality 79 .03 3.8% .01*
Personality .80 .03 38%  .02* Pastdiagnoses 80 .01  13% .25
Depression symptoms ~ Current Depression .52 Current Depression .52
symptoms symptoms
Current diagnoses 56 .03 54% .07 Current diagnoses 56 .03 54% .07
Past diagnoses 57 01 18% 71 Personality 61 05 82% .02*
Personality 61 .05 82% .03*  Past diagnoses .61 .00 0.0% .90
Mental function Current Mental function .50 Current Mental function .50
Current diagnoses 55 05 9.1% .03*  Current diagnoses 55 .05  9.1% .02*
Past diagnoses 56 .01 1.8% .50 Personality 61 .06 9.8% .01*
Personality 62 06 9.7% .01*  Past diagnoses 62 01 16% .56
Family life impairment ~ Current Family life 41 Current Family life 41
impairment impairment
Current diagnoses A7 .06 128% .02* Current diagnoses A7 06 12.8% .02*
Past diagnoses 49 02 41% 31 Personality 52 .05 9.6% .04*
Personality 54 05 93% .07  Past diagnoses 54 .02 37% .35

Notes: Current and past diagnoses included PTSD, MDD, and panic disorders. Personality traits included negative affectivity, detachment,
disinhibition, antagonism, and psychoticism.

Percentage R2 denotes the proportion of the total variance explained by the predictor added. P-value denotes significant AR? at p<.05.

Clin Psychol Sci. Author manuscript; available in PMC 2022 August 11.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Waszczuk et al.

Table 4 —

Page 25

Incremental prediction by past diagnoses vs personality traits of long-term functioning outcomes in adult
psychiatric patients (Sample 3)

2-year Outcomes  Model 1 Model 2
Predictor added R2 AR? opR? p Predictor added RZ AR? opR2 p
GAF Current GAF .28 Current GAF .28
Current diagnoses 31 .03 97%  <01* Currentdiagnoses 31 .03 97%  <.01*
Past diagnoses 32 .01 31% 48 Personality 34 03 88%  <.01*
Personality 35 .03 86%  <.01* Pastdiagnoses 35 01 29% .32
LIFE interpersonal  Current LIFE 27 Current LIFE 27
interpersonal interpersonal
Current diagnoses 29 .02 6.9% .07 Current diagnoses 29 .02 6.9% .07
Past diagnoses 30 .01 33% .20 Personality 31 02 65%  <.01*
Personality 32 .03 94%  <.01* Pastdiagnoses 32 .01 31% .10
LIFE work Current LIFE work .06 Current LIFE work .06
Current diagnoses .08 .02 25.0% .10 Current diagnoses .08 .02 250% .10
Past diagnoses 09 01 11.1% .69 Personality 13 .05 385% <.01*
Personality 14 05 357% <.01* Pastdiagnoses 1401 7.1% 72
LIFE recreation Current LIFE recreation .08 Current LIFE recreation .08
Current diagnoses 09 01 111% 44 Current diagnoses 09 01 111% 44
Past diagnoses 11 .02  182% .08 Personality 15 .06  40.0% <.01*
Personality 17 .06 353% <.01* Pastdiagnoses A7 .02 11.8% .07
10-year Outcomes
GAF Current GAF .18 Current GAF .22
Current diagnoses 22 .04 182% .01* Current diagnoses 27 .04 148% .01*
Past diagnoses 23 01  43% 40 Personality 28 .05 17.9% <.01*
Personality 28 .05 17.9% <.01* Past diagnoses 22 .01 45% .39
LIFE interpersonal ~ Current LIFE A1 Current LIFE 11
interpersonal interpersonal
Current diagnoses 12 .01 8.3% A7 Current diagnoses 12 .01 83% 47
Past diagnoses A3 .01 7.7% .78 Personality 16 .04 25.0% <.01*
Personality 17 .04 235% .01* Past diagnoses 17 01 59% .83
LIFE work Current LIFE work .04 Current LIFE work .04
Current diagnoses .05 .02 400% .80 Current diagnoses .05 .02 40.0% .80
Past diagnoses .08 .03 375% .55 Personality 10 .04 40.0% .23
Personality 12 .03 25.0% .35 Past diagnoses 12 .02 16.7% .72
LIFE recreation Current LIFE recreation .05 Current LIFE recreation .05
Current diagnoses .07 .02 28.6% .30 Current diagnoses .07 .02 286% .30
Past diagnoses .07 .00 0.0% .93 Personality 14 07  50.0% <.01*
Personality 14 .07 50.0% <.01* Pastdiagnoses 14 .00 0.0% 97

Notes: GAF — The Global Assessment of Functioning; LIFE - The Longitudinal Interval Follow-up Evaluation

Current and past diagnoses included MDD, PTSD, panic, anxiety disorders, OCD, and eating disorders. Personality traits included: neuroticism,

extraversion, conscientiousness, agreeableness, and openness to experience.
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Percentage R2 denotes the proportion of the total variance explained by the predictor added. P-value denotes significant AR? at p<.05.
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Table 5 -

Page 27

Incremental prediction by past diagnoses vs personality traits of (a) disorder first onsets and functioning in
community adolescents in Sample 1, (b) symptoms and functioning in trauma-exposed primary care adult
patients in Sample 2, and (c) long-term functioning outcomes in adult psychiatric patients in Sample 3

Model 1 Model 2

Predictor added R? AR2 9%R? p Predictor added R2 AR?2 9R? p
(a) 20-month Outcomes in Sample 1, Community adolescents
Any Depressive diagnoses first Past diagnoses .10 Personality 18
onsets Personality 20 .11 55.0% <.01* Pastdiagnoses 20 .02  10.0% .10
Any Anxiety diagnoses first onsets Past diagnoses .07 Personality 19

Personality 23 16 69.6% <.01* Pastdiagnoses 23 .04 174% .20
Any Eating diagnoses first onsets Past diagnoses .08 Personality .05

Personality 10 .02 20.0% .72 Past diagnoses 10 .05 50.0% .12
Any Behavioral diagnoses first Past diagnoses .06 Personality 11
onsets Personality 15 .10 66.7% .04* Past diagnoses 15 .05 333% .24
Any Substance use diagnoses first Past diagnoses 13 Personality .09
onsets Personality 17 .04 235% .15 Past diagnoses 17 .08 47.1% <.01*
School attitude Past diagnoses .09 Personality 22

Personality 24 15  625% <.01* Pastdiagnoses 24 .02 83% .02*
Perceived social support Past diagnoses .04 Personality 12

Personality 13 .09 69.2% <.01* Past diagnoses A3 .01 7% .23
(b) 1-year Outcomes in Sample 2, Trauma-exposed primary care adult patients
PTSD symptoms Past diagnoses .05 Personality .48

Personality 50 .45 90.0% <.01* Past diagnoses 50 .02 4.0% .29
Depression symptoms Past diagnoses .03 Personality 48

Personality 48 45 93.8% <.01* Past diagnoses 48 .00 0.0% .86
Mental function Past diagnoses .01 Personality 45

Personality 46 45 97.8% <.01* Pastdiagnoses 46 01 22% .52
Family life impairment Past diagnoses .02 Personality .35

Personality 36 .34 94.4% <.01* Pastdiagnoses 36 .01 2.8% .93
(c) Outcomes in Sample 3, Adult psychiatric patients
2-year Outcomes
GAF Past diagnoses .04 Personality 11

Personality 15 11 733% <.01* Pastdiagnoses 15 .04 267% <.01*
LIFE interpersonal Past diagnoses .02 Personality .08

Personality .10 .08  80.0% <.01* Past diagnoses 10 .02 20.0% .23
LIFE work Past diagnoses .02 Personality .08

Personality .07 .05 714% <.01* Pastdiagnoses .09 01 111% .16
LIFE recreation Past diagnoses .04 Personality A1

Personality 14 10 714% <.01* Pastdiagnoses 14 .03 214% .02*
10-year Outcomes
GAF Past diagnoses .04 Personality 13
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Model 1 Model 2

Predictor added R2 AR? R? p Predictor added RZ AR? 9R? p

Personality 16 .12 75.0% <.01* Past diagnoses 16 .03 18.8% .02*
LIFE interpersonal Past diagnoses .01 Personality .08

Personality .09 .08 889% <.01* Pastdiagnoses .09 01 111% .77
LIFE work Past diagnoses .05 Personality .05

Personality 19 04 211% .24 Past diagnoses .09 .04 444% .38
LIFE recreation Past diagnoses .01 Personality 12

Personality 12 11 91.7% <.01* Past diagnoses 12 .00 0.0% 91

Notes. GAF — The Global Assessment of Functioning; LIFE - The Longitudinal Interval Follow-up Evaluation

In Sample 1, past diagnoses included: any depressive disorders, any anxiety disorders, any eating disorders, any substance use, and behavioral
disorders. In Sample 2, past diagnoses included PTSD, MDD, and panic disorders. In Sample 3, past diagnoses included MDD, PTSD, panic,

anxiety disorders, OCD, and eating disorders.

In Samples 1 and 3, personality traits included: neuroticism, extraversion, conscientiousness, agreeableness, and openness to experience. In Sample
2, personality traits included negative affectivity, detachment, disinhibition, antagonism, and psychoticism.

In Sample 1, the effect size for analyses of first onsets is Nagelkerke pseudo R2,

Percentage R2 denotes the proportion of the total variance explained by the predictor added. P-value denotes significant ARZ gt p<.05.
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