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Abstract Behavioral Approach System (BAS) sensitivity has
been implicated in the development of a variety of different
psychiatric disorders. Prominent among these in the empirical
literature are bipolar spectrum disorders (BSDs). Given that
adolescence represents a critical developmental stage of risk
for the onset of BSDs, it is important to clarify the latent
structure of BAS sensitivity in this period of development. A
statistical approach especially well-suited for delineating the
latent structure of BAS sensitivity is taxometric analysis,
which is designed to evaluate whether the latent structure of
a construct is taxonic (i.e., categorical) or dimensional (i.e.,
continuous) in nature. The current study applied three mathe-
matically non-redundant taxometric procedures (i.e.,
MAMBAC, MAXEIG, and L-Mode) to a large community
sample of adolescents (n = 12,494) who completed two sepa-
rate measures of BAS sensitivity: the BIS/BAS Scales Carver
and White (Journal of Personality and Social Psychology, 67,
319-333. 1994) and the Sensitivity to Reward and Sensitivity
to Punishment Questionnaire (Torrubia et al. Personality and
Individual Differences, 31, 837-862.2001). Given the signif-
icant developmental changes in reward sensitivity that occur
across adolescence, the current investigation aimed to provide
a fine-grained evaluation of the data by performing taxometric
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analyses at an age-by-age level (14-19 years; n for each
age > 883). Results derived from taxometric procedures,
across all ages tested, were highly consistent, providing strong
evidence that BAS sensitivity is best conceptualized as dimen-
sional in nature. Thus, the findings suggest that BAS-related
vulnerability to BSDs exists along a continuum of severity,
with no natural cut-point qualitatively differentiating high-
and low-risk adolescents. Clinical and research implications
for the assessment of BSD-related vulnerability are discussed.
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Introduction

Bipolar spectrum disorders (BSDs) can be severe mental ill-
nesses that typically follow a chronic course, with a 50%
relapse rate within the first year and 70% within five years
(Pari et al. 2014). Their associated societal and economic bur-
den is considerable (Fagiolini et al. 2013; Kleine-Budde et al.
2014). Indeed, BSDs rank among the 10 most debilitating
health conditions worldwide (Kupfer 2005). Children with
BSDs receiving clinical care exhibit poorer functioning and
greater rates of psychiatric hospitalization relative to same-age
peers in clinical care (Findling et al. 2010). These disorders are
associated with increased risk for adverse outcomes in adult-
hood, including chronic physical health conditions, substance
abuse, suicide, and all-cause mortality (Cassidy et al. 2001,
Hoang et al. 2011; Mclntyre et al. 2006; Osby et al. 2001).
Recent evidence suggests that the initial prodromal period
of bipolar disorder may last for a significant period of time
(27.1 £ 23.1 months; Van Meter et al. 2016a, b).
Unfortunately, although clinical intervention early in the
course of these disorders has potential to produce long-term
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reductions in severity and associated impairment (McGorry
et al. 2011), most individuals with BSDs do not receive treat-
ment until at least six years after disorder onset (Wang et al.
2005). Advancing our ability to characterize vulnerability to
these disorders is therefore important, insofar as it may lead to
earlier identification of at-risk individuals, and thus, a larger
window of opportunity for prevention and early intervention.
The current study focused on characterizing the latent struc-
ture of one vulnerability to BSDs within a theoretical frame-
work increasingly studied within the context of these disor-
ders, the Behavioral Approach System (BAS) or reward hy-
persensitivity model.

The Behavioral Approach System (BAS) Model and BSDs

BAS sensitivity, or reward sensitivity more broadly, has re-
ceived substantial theoretical and empirical interest in the
study of a variety of clinical and non-clinical participants,
including substance use disorders (Franken and Muris 2006;
Hommer et al. 2011), unipolar depression (Alloy et al. 2016),
and normative development (Galvan 2013). Among the most
well-articulated and empirically studied models of BAS sen-
sitivity is that describing the etiology of BSDs. According to
this prominent theoretical model of BSDs, high BAS sensitiv-
ity is an important risk factor for these disorders (Alloy et al.
2015; Alloy et al. 2016). Specifically, the BAS is a psychobi-
ological system involved in regulating approach motivation
and behavior in the pursuit of goals and rewards (Gray
1991). The BAS is stimulated by reward-relevant stimuli
and modulates goal striving and behavior related to goal at-
tainment (Urosevi¢ et al. 2008). It is theorized that BAS hy-
persensitivity may serve as an etiological factor in the devel-
opment of BSDs, leading to manic symptoms when it is elic-
ited by goal striving/attainment and depressive symptoms
when it is dampened by goal non-attainment (Alloy and
Abramson 2010; Alloy et al. 2015, 2016; Depue and Iacono
1989; Urosevic et al. 2008). Therefore, BAS hypersensitivity
has been conceptualized as a vulnerability that may lead to the
experience of both poles of bipolar disorder.

A range of evidence corroborates the tenets of the BAS or
reward hypersensitivity model of BSDs. Indeed, research sug-
gests that among adolescents, BAS hypersensitivity predicts
the first onset of BSDs (Alloy et al. 2012a, b). Moreover,
among those diagnosed with BSDs, BAS hypersensitivity has
been found to predict the recurrence of BSD mood episodes
(Alloy et al. 2008), increases in manic symptoms (Meyer et al.
2001), and the transition from milder to more severe forms of
BSDs (Alloy et al. 2012a, b). Moreover, symptom-level evi-
dence supports this model, suggesting that life events charac-
terized by goal-attainment or goal-striving predict manic and
hypomanic symptom increases among those with BSDs (e.g.,
Johnson et al. 2000, 2008; Nusslock et al. 2007). Furthermore,
high goal-directed activity is one of the most common
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symptoms across pediatric bipolar subtypes (for a review, see
Van Meter et al. 2016a, b). Although no studies have examined
whether neurophysiological indices of BAS sensitivity predict
the onset of BSDs, electroencephalogram (EEG) studies have
provided preliminary support for the BAS model of BSD de-
velopment. For example, research suggests that those with
BSDs are likely to have greater left frontal cortical activity
(hypothesized to play a role in BAS sensitivity) during engage-
ment in challenging tasks in the pursuit of goals (Harmon-Jones
et al. 2008). Moreover, prospective research suggests that ele-
vated left-frontal EEG activity in the resting state predicts a
greater likelihood of transitioning to more severe forms of
BSD (Nusslock et al. 2012).

Adolescence as a Period of Risk for BSD Onset

In characterizing the latent structure of vulnerability to BSDs
within the conceptual framework of the BAS/reward model,
the current investigation focused specifically on adolescence,
with analyses repeated at each age (in addition to in the whole
sample), for several reasons. Relative to early childhood and
adulthood, adolescence is a time of particular sensitivity to
reward, in part accounting for increases in risky behaviors
observed during this period of development (Blakemore and
Robbins 2012; Casey et al. 2008; Galvan 2013). Indeed, it is
during this period of development that a key brain region in
reward sensitivity, the ventral striatum (VS), involved in the
anticipation and receipt of rewards, undergoes significant mat-
uration (Delgado et al. 2000). Neuroimaging research sug-
gests that the VS exhibits greater reactivity during adoles-
cence as compared to other periods of development during
the receipt of rewards (Ernst et al. 2005; Galvan et al. 20006).
Simultaneously, adolescents exhibit significant brain develop-
ment in the prefrontal cortex, a region responsible for cogni-
tive control (Davey et al. 2008; Lupien et al. 2009; Miller and
Cohen 2001). Thus, it is also a time of increased cognitive
capability to focus on goal-directed behavior (Casey et al.
2005). Adolescence is therefore a particularly apt period for
the study of BAS-related vulnerability to BSDs. Additionally,
conducting especially fine-grained analyses (i.e., by age) is
important in accounting for meaningful developmental chang-
es in reward sensitivity and capability to pursue goal-directed
behavior that occur across this period of development
(Collado et al. 2014; Steinberg et al. 2009).

The study of vulnerability to BSDs is also particularly rel-
evant to adolescence, with increasing awareness of this devel-
opmental period as an age of risk for these disorders. Recent
epidemiological estimates of BSDs in adolescents range from
2.1% for 12-month prevalence (Kessler et al. 2012) to 2.9%
for lifetime prevalence (Merikangas et al. 2010). A recent
meta-analysis of epidemiological studies found the prevalence
rate across 12 studies to be 1.8% (Van Meter et al. 2011). In
comparison, epidemiological estimates of the prevalence rate
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of BSDs in adults range from 2.6% for 12 months to 3.9% for
lifetime. When taken together, these findings suggest that the
majority of individuals afflicted with these disorders may ex-
perience their first onset during adolescence. Indeed, an initial
peak in risk for the onset of these disorders appears to occur
around ages 15-19 (Alloy et al. 2016; Oedegaard et al. 2009),
and there is some evidence that age 17 may be the earliest
high-risk period for BSDs onset (Bellivier et al. 2003, 2001).
Collectively, these findings lend support to the view that char-
acterizing vulnerability to BSDs during adolescence may be
of special clinical value, inasmuch as the potential improved
understanding of initial risk may facilitate earlier prevention,
prior to disorder manifestation, and intervention early in the
course of these disorders, thereby reducing risk for associated
negative long-term outcomes and impairment.

Characterizing the Latent Structure of BAS-Related
Vulnerability to BSDs

A statistical approach especially well suited for delineating the
latent structure of BAS sensitivity is taxometric analysis. This
family of statistical techniques is specifically designed to eval-
uate whether the latent structure of a construct is taxonic (i.c.,
categorical) or dimensional (i.e., continuous) in nature. That
is, whereas traditional statistical methods (e.g., latent class
analysis, cluster analysis) are more vulnerable to detecting
spurious taxa (Solomon et al. 2001), taxometric analysis is
specifically appropriate for addressing this question because
instead of assuming or imposing a specific latent structure on
the data, it simultaneously compares the existing data to both
categorical and continuous models to evaluate with which
they better fit (Fraley and Waller 1998). This statistical ap-
proach has been empirically validated (Ruscio et al. 2004;
Waller and Meehl 1998), and has been increasingly applied
to various forms of psychopathology, including negative
symptoms of schizophrenia (Ahmed et al. 2015), psychopathy
(Murrie et al. 2007), attention-deficit/hyperactivity disorder
(Marcus and Barry 2011), and depression (Hankin et al.
2005; Liu 2016; Richey et al. 2009), as well as cognitive
vulnerability to depression (Gibb et al. 2004).

It is worth noting that three studies thus far have applied
taxometric techniques to elucidate the latent structure of mania
but with mixed results (Ahmed et al. 2011; Prisciandaro and
Roberts 2011; Prisciandaro and Tolliver 2015). One of these
found support for a taxonic solution, but with significant di-
mensional variation within the taxon (Ahmed et al. 2011),
whereas support for a dimensional conceptualization of mania
was reported in the two remaining studies (Prisciandaro and
Roberts 2011; Prisciandaro and Tolliver 2015). Thus, further
research is needed to clarify the latent structure of BSDs. This
is particularly important for resolving diverging views toward
conceptualizing BSDs specifically and psychopathology more
generally (i.e., the dimensional approach promoted with the

Research Domain Criteria; Insel et al. 2010; and the categor-
ical conceptualization of mental disorders in DSM-5;
American Psychiatric Association 2013).

Furthermore, although taxometric studies of mania are etio-
logically informative insofar as dimensional constructs are
multi-determined, whereas taxonic ones may conceivably
emerge from single risk factors (Meehl 1977; Meehl and
Golden 1982), it should not be assumed that dimensional out-
comes originate from similarly dimensional risk factors and
taxonic syndromes from categorical ones. To provide just one
example from the mood disorders literature to illustrate this
point, two studies have found evidence of a dimensional latent
structure for adolescent depression (Hankin et al. 2005; Liu
2016), despite a variant in the serotonin transporter gene (5-
HTTLPR; i.e., a taxonic risk factor) being implicated in risk
for this disorder (Thapar et al. 2012). Thus, it cannot be as-
sumed from support for dimensionality in BSDs that underly-
ing risk factors (e.g., BAS sensitivity) are likewise dimensional,
or that evidence of BSDs being categorical is suggestive of
similarly taxonic processes of risk. To date, one taxometric
study has been conducted on temperamental risk for BSDs
(Meyer and Keller 2003). Although some support was found
for hypomanic-hyperthymic temperament existing along a con-
tinuum, this early study was limited by its reliance on a single
taxometric procedure (i.e., an absence of consistency tests that
are now a standard part of taxometric research). Additional
taxometric studies of the latent structure of risk factors for
BSDs, such as BAS sensitivity, are therefore warranted.

The Current Study

The current investigation provides the first taxometric analysis
of the latent structure of vulnerability to BSDs, focusing spe-
cifically on BAS sensitivity. A challenge that should be men-
tioned in conducting taxometric studies is the minimum n of
300 that is generally recommended to ensure valid analyses.
Taxometric analyses with smaller samples tend to produce un-
stable curves in the resulting graphical output, and thus, are
biased toward spurious taxonic findings (Meehl 1995).
Additionally, samples substantially larger than the minimum
required for taxometric analysis (# > 300), such as is the case
in the current study, may offset potential concerns of low taxon
base rates insofar as they yield a sufficiently higher raw number
of cases of the putative taxon (Ruscio and Ruscio 2004)." In
drawing from a large community sample of adolescents, the
current study is uniquely well suited for conducting fine-
grained, age-by-age analyses (n for each age > 883).

! The smallest raw number of cases of the simulated putative taxon in our
analyses, across all age groups, was 430 for 16-year-olds.
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Table 1 Summary of taxometric analyses
Indicator correlations Comparison curve fit index

Age group Tl sample Ptaxon T complement Cohen’s d MAMBAC MAXEIG L-Mode Mean
All ages (n = 12,494) 0.369 0.060 0.056 1.297-1.485 0.278 0.209 0.103 0.197
14-year-olds (n = 903) 0.363 0.073 0.037 1.301-1.505 0.325 0.221 0.181 0.242
15-year-olds (n = 1124) 0.327 0.036 0.012 1.249-1.469 0.265 0.165 0.162 0.197
16-year-olds (n = 883) 0.369 0.062 0.035 1.324-1.522 0.154 0.313 0.151 0.206
17-year-olds (n = 902) 0.378 0.059 0.059 1.272-1.580 0.254 0.163 0.189 0.202
18-year-olds (n = 4802) 0.376 0.083 0.053 1.295-1.487 0.261 0.265 0.154 0.227
19-year-olds (n = 3880) 0.374 0.071 0.059 1.293-1.508 0.229 0.244 0.126 0.200

Cohen’s d, difference between the putative taxon and complement standardized using pooled within-group variances weighted by degrees of freedom; -
Mode, latent mode; MAMBAC, means above minus below a cut; MAXEIG, maximum eigenvalue

Methods
Participants

Participants in the current study were drawn from the first
phase of a two-phase screening procedure for inclusion in a
study designed to examine the onset of BSDs among adoles-
cents (Project TEAM; Alloy et al. 2012a, b). A total of 12,494
students from 13 Philadelphia public high schools (ages 14—
18) and two universities (ages 17—19) were screened during
the first phase of the screening process; they completed mea-
sures assessing demographic information as well as two self-
report questionnaires measuring BAS sensitivity. Those scor-
ing in the highest 15th percentile (categorized as High BAS)
or middle 40th—60th percentile (categorized as Moderate
BAS) on both self-report measures of BAS sensitivity were
invited to complete the Phase II screening procedures to de-
termine eligibility for participation in the prospective study
(for more information, see Alloy et al. 2012a, b). Given the
focus of the current study on characterizing the latent structure
of BAS-related vulnerability to BSDs, all Phase I participants
were retained in the analyses (n = 12,494).% As detailed in
Table 1, the number of participants at each age well exceeds
the minimum of 300 recommended to conduct age-by-age
analyses (Meehl 1995). Participants ranged in age from 14
to 19 (mean = 17.54 years; SD = 1.56) and were 63.51%
female and 8.15% Hispanic. The racial composition of the
sample was 58.86% White, 21.09% African American,
12.46% Asian, and 7.58% other. Participants who were ages
18 or older provided their own written consent. For partici-
pants who were under 18, we obtained written parental

2 Restricting analyses to participants who completed the Phase II screening
would also be problematic insofar as it significantly increases the possibility of
spurious findings. That is, conducting taxometric analysis with participants
selected using a measure of the construct of interest, producing a non-
continuous distribution on the measure, substantially heightens the likelihood
of detecting a pseudotaxon, and thus should be avoided (Ruscio et al. 2006).
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consent and written assent from the adolescent. The current
study’s procedures were approved by the Temple University
Institutional Review Board.

Measures

The Behavioral Inhibition System/Behavioral Activation
System Scale (BIS/BAS; (Carver and White 1994) was the first
measure administered to assess individuals’ BAS sensitivity.
The questionnaire, which assesses both BAS sensitivity and
behavioral inhibition system sensitivity, includes 20 items using
a4-point Likert-type scale ranging from strongly disagree (1) to
strongly agree (4). A BAS-Total score is calculated by sum-
ming all BAS items, with higher scores indicating higher BAS
sensitivity. The BAS-Total scale comprises three subscales:
BAS-Reward Responsiveness (BAS-RR), BAS-Drive (BAS-
D), and BAS-Fun Seeking (BAS-FS). The BAS-RR (5-items)
assesses positive response to rewards, the BAS-D (4 items)
assesses persistence in pursuit of a desired reward, and the
BAS-FS (4 items) assesses a willingness impulsively to seek
out rewarding stimuli. The three BAS subscales were used as
separate taxometric indicators in the analyses. The BIS/BAS
subscales have demonstrated good internal consistency and
test-retest reliability (Carver and White 1994). In the current
study, the BAS subscales evidenced adequate to good internal
consistency (BAS-D =0.73; BAS-FS =0.63; BAS-RR =0.70).

The Sensitivity to Punishment and Sensitivity to Reward
Questionnaire (SPSRQ); Torrubia et al. 2001) was the second
self-report measure administered to assess BAS sensitivity. The
SPSRQ was designed to improve upon weaknesses observed in
the BIS/BAS scales’ item content, to augment its construct
validity, and to be more theoretically aligned with Gray’s
BIS/BAS theory (Torrubia et al. 2001). This measure comprises
two subscales, assessing sensitivity to reward (SR) and punish-
ment (SP); in the current study, the SR subscale was used to
measure BAS sensitivity (Alloy et al. 2012a, b). The SR sub-
scale includes 24 items assessed with “yes” and “no” responses.



J Abnorm Child Psychol (2018) 46:1333—-1349 1337
Table 2 Correlations between
taxometric indicators and age for Variable 1 2 3 4 5
the full sample
1. Age -
2. BAS drive 0.05%#* -
3. BAS fun-seeking 0.01 0.44% %% -
4. BAS reward responsiveness —-0.02* 0.40%#* 0.41 %% -
5. SPSRQ — reward 0.03%:* 0.37%#%% (.35 0.25%# -
Mean 17.54 10.69 11.62 16.55 11.99
Standard deviation 1.56 2.27 2.12 2.27 4.33

BAS, Behavioral Approach System; SPSRQ, Sensitivity to Punishment and Sensitivity to Reward Questionnaire

#p < 0.05, #p < 0.01, ***p < 0.001

Research suggests that the SR subscale has evidenced good
internal consistency and test-retest reliability (Torrubia et al.
2001). In the current study, the SR subscale was included in
analyses as a taxometric indicator.” The internal consistency of
the SR subscale was good (Cronbach’s « = 0.76).

Data Analysis

Taxometric analysis requires multiple indicators reflecting dif-
ferent aspects of the underlying construct of interest, and col-
lectively, these indicators should have content validity. In de-
ciding upon appropriate taxometric indicators to use in analy-
sis, one common approach is to adopt the theoretically or
empirically derived subscales of the study measures. The three
BAS subscales of the BIS/BAS and the Sensitivity to Reward
subscale of the SPSRQ were therefore selected as taxometric
indicators in the current study.

A central feature of taxometric methods is the implemen-
tation of multiple mathematically non-overlapping procedures
that yield non-redundant results, with each procedure provid-
ing a consistency test for the others. Consistency in results
produced across multiple procedures provides confidence in
the conclusions drawn regarding the latent structure of the
construct of interest. Three distinct taxometric procedures
were adopted in the current investigation: MAMBAC (mean
above minus below a cut; Meehl and Yonce 1994), MAXEIG
(maximum eigenvalue; Waller and Meehl 1998), and L-Mode
(latent mode; Waller and Meehl 1998).

MAMBAC requires at least two valid indicators, one func-
tioning as the input indicator and another functioning as the
output indicator. The difference in mean scores of the output
indicator above and below a sliding cut-off score on the input
indicator is plotted on the y-axis as a function of the input
indicator cut-points on the x-axis. This procedure is repeated
for every possible pair of indicators, with each indicator in a
pair alternating as the input and output indicator. Thus, two

3 The BAS-RR subscale and the SPSRQ SR subscale were included as sepa-
rate taxometric indicators in the analyses due to the relatively low correlations
between these scales at each age. Additionally, the correlations between these
indicators were comparable or lower than the remaining correlations across
taxometric indicators, supporting the validity of maintaining the distinction
between the BAS-RR and SPSRQ SR subscales.

graphical MAMBAC plots are generated for each pair of indi-
cators. In the current study, 50 cuts were made along each input
indicator. A final MAMBAC curve is produced by averaging
the results of these analyses.

For MAXEIG, at least three indicators are required. One
indicator functions as the input indicator, and the interrelation-
ship between the remaining indicators is evaluated in a series of
overlapping “windows” (i.e., subsamples) ordered along the
input indicator. Based on optimal analysis parameters (Walters
and Ruscio 2010), the sample in the current study was split into
25 windows with 90% overlap between adjacent windows. The
covariance matrix for the output indicators (variance values are
replaced with 0’s ensuring that only covariances remain) in each
window is factor analyzed, and the eigenvalue of the first prin-
cipal factor is then plotted on the y-axis of a graph, with the
windows of the input indicator on the x-axis. This procedure is
repeated with each indicator functioning as the input indicator.

L-Mode similarly requires at least three indicators. This is a
factor analytic procedure for disambiguating between taxonic
and dimensional structures. It calculates the factor scores of
cases on a one-factor latent variable, with the factor score
density plot of the entire distribution then plotted. A bimodal
distribution of factor score estimates indicates a taxonic latent
structure. A continuous latent structure, however, is indicated
by a distribution of factor score estimates that is unimodal.

For each taxometric procedure, simulated taxonic and di-
mensional comparison data were generated, approximating all
distribution properties of the empirical data known to influence
the shape of taxometric curves. That is, the simulated data were
identical to the research data in terms of surface-level statistical
properties of the observed indicators, such as sample size,
means, standard deviations, indicator skew, and inter-indicator
correlations, differing only in terms of latent structure.
Additionally, and following procedures adopted in prior
taxometric studies (e.g., Ruscio 2010), the three taxometric
techniques were initially conducted without comparison data
S0 as to obtain mean base rate estimates of the putative taxon,
which were then used in generating the simulated data.* The

4 Mean estimated taxon base rates were: .50 across all ages, .61 for 14-year-
olds, .57 for 15-year-olds, .49 for 16-year-olds, .54 for 17-year-olds, .51 for 18-
year-olds, and .52 for 19-year-olds.
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results for the empirical data were directly compared with those
for simulated taxonic and dimensional data to ascertain which
they most closely matched. Data for each model (i.e., taxonic
and dimensional) were simulated 100 times to approximate
sampling distributions for each model for each of the three
taxometric procedures used in the current study. This approach
of comparing the empirical data to simulated models of
taxonicity and dimensionality with identical statistical proper-
ties allows for a much more accurate comparison than would be
the case with a prototypical model.

The comparison curve fit index (CCFI) was calculated for
each taxometric procedure as an objective measure of the de-
gree to which the results matched the simulated taxonic or
dimensional comparison data (Ruscio et al. 2007). It compares
the root-mean-square residual of the fit between the curve for
the actual data and for each of the simulated comparison
curves. CCFI values range from 0 (dimensional structure) to
1 (taxonic structure), with 0.50 being equally consistent with
dimensional and taxonic structures (Ruscio et al. 2010). CCFI
values between the dual thresholds of 0.45 and 0.55 are re-
flective of ambiguous results (Walters and Ruscio 2013).
These dual thresholds have an accuracy rate of 98.2% for
MAMBAC, 95.8% for MAXEIG, and 97.3% for L-Mode
(Ruscio et al. 2010). The CCFI is a relatively recent develop-
ment in taxometric research, but an important advancement
that appears to have resulted in appreciably reduced rates of
pseudotaxa in the taxometric literature (Haslam et al. 2012).
All analyses were conducted using Ruscio’s (2013) taxometric
packages for the R programming language in MRO 3.3.2.

Results
Indicator Suitability

Indicator properties, including correlations, and validity, were
evaluated to determine suitability for taxometric analysis.
Indicator correlations are required to be substantially smaller
within the putative taxon and complement groups than within
the full sample to avoid nuisance covariance (Ruscio et al.
2006). The traditional recommendation is for within-group
indicator correlations to be <0.3, and full sample indicator
correlations to be >0.3 (Meehl 1995). More recently, it has
been suggested that a more important consideration is for a
sizeable difference to exist between the full-sample and
within-group indicator correlations (Ruscio et al. 2006;
Walters 2008). This condition was satisfied in analyses across
all age groups, with full sample »s > 0.327, and taxon and
complement s < 0.083. Another recommendation is that the
constructed indicators separate the putative taxon from its
complement at Cohen’s d > 1.25 to achieve an acceptable
minimum validity (Meehl 1995; Meehl and Yonce 1996).
This condition also was generally satisfied across all age
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groups in the current study.” A summary of indicator validity,
as well as indicator correlations in the full sample, the putative
taxon, and complement, are presented in Table 1.

Descriptive Analyses

Full sample correlations, means, and standard deviations for
age and the four taxometric indicators are summarized in
Table 2. Correlations between indicators ranged from
r =0.25 to r = 0.44. Age was weakly correlated with the
taxometric indicators, with rs ranging from —0.02 to 0.05.

Taxometric Analyses

MAMBAC analyses produced 12 curves for each age group.
The average of each set of 12 curves was compared to simu-
lated categorical and dimensional MAMBAC data. Clear and
consistent support for a dimensional solution was observed
across and within each age, with CCFIs < 0.325. Similarly,
MAXEIG curves resembled simulated dimensional data much
more closely than simulated categorical data, with CCFIs <
0.313. Again, across and within each age, L.-Mode procedures
yielded unimodal distributions and CCFIs < 0.189, thus pro-
viding unambiguous support for a dimensional latent structure
for BAS sensitivity. Finally, the mean CCFIs (< 0.242) across
all three taxometric procedures for each age group and the full
sample were clearly supportive of the view that BAS sensitiv-
ity exists along a continuum. Figure 1 illustrates the averaged
MAMBAC, MAXEIG, and L-Mode curves, respectively, rel-
ative to simulated categorical and dimensional data, and
CCFlIs for each analysis are summarized in Table 1.

Discussion

The current study sought to characterize the latent structure of
vulnerability to BSDs as conceptualized within the BAS/
reward model. Specifically, we applied taxometric procedures
to data from 12,494 adolescents to ascertain if BAS-related
vulnerability to BSDs aligned more with a categorical or con-
tinuous latent structure. In recognition of the significant de-
velopmental changes in reward sensitivity that occur across
adolescence, the current investigation provided a fine-grained
evaluation of the data, with taxometric analyses being con-
ducted at an age-by-age level. The results of these analyses
were consistent in yielding unambiguous support for a dimen-
sional solution across all age groups, reflecting the stability of
the latent structure of this construct across adolescence. More

3 Although the BAS-RR subscale falls just short of this condition for analyses
with data from 15-year-olds (Cohen’s d = 1.249), it does not compromise the
validity of the analyses for this age group, especially given the high validity of
the remaining three indicators.
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values, and the light lines indicating the minimum and maximum

specifically, BAS-related vulnerability to BSDs appears to
exist along a continuum of severity, with no natural cut-
point qualitatively differentiating a group of high-risk individ-
uals from those at lower risk. This consistency in findings
across age aligns with the finding that the indicators of BAS
sensitivity were consistent across age. It should be noted that
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simulated values at each data point. The top panels illustrate results for
averaged MAMBAC curves, the middle panels portray averaged
MAXEIG curves, and the bottom panels depict results for averaged L-
Mode curves

the absence of differences regarding taxonic versus dimen-
sional solutions across age should not be taken to indicate that
there are no age differences in reward sensitivity. Although
evidence of taxonicity for some age groups and dimensional-
ity for others would be supportive of the existence of devel-
opmental differences, the absence of such differences cannot
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Fig. 1 (continued)

be inferred from consistency in taxometric solutions across
age groups. That is, it is entirely possible that important age
differences in reward sensitivity exist with this construct still
being dimensional across age.

The finding that BAS sensitivity exists along a natural con-
tinuum has several important implications for the study and
treatment of BSDs. First, among existing theoretical conceptu-
alizations of risk for BSDs, diathesis-stress models figure prom-
inently (Alloy et al. 2006; Johnson and Roberts 1995).
According to these etiological models of BSDs, exposure to
certain life events appear to confer heightened risk for a bipolar
episode (e.g., goal striving or attainment events and schedule-
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disrupting life events in the case of mania, and negative or goal
non-attainment life events in the case of depressive episodes;
Alloy et al. 2015; Johnson 2005). Not all individuals exposed to
these life events, however, go on to experience a manic or
depressive episode. Rather, these life events are believed to
interact with pre-existing diatheses in vulnerable individuals,
leading to the development of affective episodes.

Although certain important features of this basic diathesis-
stress conceptualization of BSDs have yet to be empirically
evaluated, the current findings may lend some measure of clar-
ity, and thereby inform future research in this area. In particular,
within this basic etiological model of BSD, several
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Fig. 1 (continued)

characterizations of relevant diatheses are hypothetically possi-
ble and have different theoretical implications (Monroe and
Simons 1991). For example, if a distinct threshold or cut-
point exists for a given diathesis, only individuals with a dia-
thetic loading above the cut-point would be at risk for
experiencing an affective episode when confronted with etio-
logically relevant life events of sufficient magnitude, and indi-
viduals with diathetic loadings below the cut-point should be
relatively impervious to the effects of these life events. In such
cases, the diathesis is necessary but not sufficient to trigger an
affective episode. A taxonic latent structure for a given diathesis
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would be entirely consistent with this possibility. The findings
of the current study do not fit this model well. Alternatively, if
no diathetic cut-point exists, a titration model may potentially
be more applicable. According to this model, the etiological
importance of life events and a given diathesis are dependent
on each other, such that a high diathetic loading may be suffi-
cient to trigger an affective episode in the presence of relatively
minor life events, whereas a low diathetic loading similarly
would require relatively major life events to precipitate an af-
fective episode. A dimensional latent structure, as observed in
the current study, is congruent with this possibility. Finally, it
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should be noted that although BAS-related vulnerability to
BSDs appear to be more supportive of a titration model of risk
for these disorders, it cannot be inferred that this model holds
true in general for other diatheses for BSDs. Indeed, genetic
diatheses, with their inherent diathetic thresholds, have been
identified for these disorders (Nurnberger et al. 2014).

In addition to advancing our theoretical understanding of
the etiology of BSDs, clarifying the latent structure of vulner-
ability to these disorders is important insofar as it may directly
inform design considerations in future studies. Specifically,
evidence of a dimensional latent structure for BAS-related
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vulnerability for BSDs indicates that large, unselected samples
of'the population of interest may be particularly well suited for
evaluating the association between this diathesis and BSDs
(Ruscio et al. 2006). This is not to say, however, that adopting
cut-points to categorize participants is necessarily inadvisable
for studying dimensional diatheses in relation to a clinical
outcome. Whereas reducing dimensional constructs into arti-
ficial dichotomies is problematic because of its attendant loss
of measurement precision and statistical power, as well as
increased risk for spurious findings in some cases
(MacCallum et al. 2002; Maxwell and Delaney 1993;
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Fig. 1 (continued)

Ruscio and Ruscio 2002), the alternative of selecting for and
studying individuals with particularly high diathetic loading
on the diathesis of interest may be justifiable in certain situa-
tions. As an example, and in contrast to the practice of dichot-
omizing continuous scores on a dimensional variable, the
high-risk research design involves screening for and selecting
participants based on high and low loadings on a diathesis,
and then comparing these individuals in relation to the clinical
outcome (Carter and Garber 2011; Goodman and Gotlib 1999;
Haeffel et al. 2005; Just et al. 2001). This strategy ensures
greater variability in the diathesis of interest, which
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substantially enhances the ability statistically to detect inter-
actions through reducing standard errors and without
compromising parameter estimates (Carter and Garber 2011;
McClelland and Judd 1993). Such an approach may be
adopted to amplify statistical power when available resources
do not permit a longitudinal assessment of the diathesis in
relation to a relatively low-base rate clinical outcome, such
as BSDs, in an otherwise larger unselected sample.

From a clinical perspective, the findings of the current
study highlight the challenge of accurately identifying indi-
viduals at risk for BSDs in a way that effectively informs
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preventive strategies. That is, the absence of a discrete taxon
for BAS-related vulnerability to BSDs underscores the impor-
tance of evaluating this diathesis as part of a larger constella-
tion of relevant risk factors in determining who is particularly
in need of early prevention efforts. Additionally, evidence that
BAS-related vulnerability to BSDs exists along a continuum
of severity is informative for clinical intervention protocols
specifically targeting this diathesis; in contrast to taxonic di-
atheses that are hypothesized to change in a digital all-or-none
manner (Strube 1989), dimensional constructs should exhibit
a more graded response to intervention efforts. Importantly,
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although not the clinical areas of focus in the present investi-
gation, BAS sensitivity has been implicated in a range of other
psychological disorders. For example, BAS hyposensitivity is
correlated with the presence of unipolar depression, with some
evidence that it may be a vulnerability factor for this disorder
(for a review, see Alloy et al. 2016). Moreover, research sug-
gests that BAS hypersensitivity is associated with and may
underpin substance use (e.g., Franken and Muris 2006;
Hommer et al. 2011). Thus, the findings in the present study
suggest similar guidance to the approach to these and related
disorders in terms of both prevention and intervention. Our
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findings offer interesting insight from a non-clinical perspec-
tive as well. Developmental and personality researchers may
consider investigating the latent structure of BAS sensitivity
further over the course of early childhood and adulthood in
order to inform our understanding of this personality feature in
the general population over the life course.

This study is notable for being the first investigation of
vulnerability to BSDs to apply modern taxometric techniques.
Moreover, it focused on a period of development — adoles-
cence — of particular clinical relevance, a time when many
individuals experience their first onset of these disorders.
Given the low lifetime prevalence of BSDs in adolescents,
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especially relative to other forms of psychopathology (e.g.,
depression, externalizing disorders, and substance use
disorders; Merikangas et al. 2010), and the consequently quite
substantial sample size required for adequately conducting
taxometric analyses with related constructs (Meehl 1995;
Ruscio et al. 2006; Ruscio and Ruscio 2004), the current study
was uniquely suited for this purpose.

Nonetheless, the limitations of this study are worth noting.
In particular, the indicators of BAS sensitivity were entirely
derived from self-report data. Self-report measures may be
limited inasmuch as individuals have imperfect insight into
the processes underlying their behavior. This is especially

@ Springer



1346

J Abnorm Child Psychol (2018) 46:1333—1349

the case for affective and cognitive processes occurring, at
least in part, outside of the individual’s conscious awareness
(Nisbett and Wilson 1977). Additionally, several studies have
found modest correlations between self-report and behavioral
or physiological measures of several constructs, including
conceptually related ones such as anhedonia (Rizvi et al.
2016) and self-control (Duckworth and Kern 2011). In ac-
counting for this pattern of findings, several researchers have
suggested that self-report and behavioral measures may, in
some measure, reflect different aspects of the same underlying
construct (Amstadter et al. 2012; Cyders and Coskunpinar
2011; Lobbestael et al. 2008; McHugh et al. 2011). For these
reasons, it would be important for future taxometric research
to adopt a multi-method approach to measuring vulnerability
to BSDs (e.g., by including a behavioral measure of reward
sensitivity). At present, taxometric studies employing mea-
sures of the same construct across multiple units of analysis
are exceedingly rare.
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