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Abstract

Objective—We aimed to assess dimensional symptomatic predictors of new-onset bipolar
spectrum disorder in youth at familial risk of bipolar disorder (“at-risk” youth).

Method—Offspring aged 6-18 of parents with bipolar-1/11 disorder (n=391) and offspring of
community controls (n=248) were recruited without regard to non-bipolar psychopathology. At
baseline, 8.4% (33/391) of offspring of bipolar parents had bipolar spectrum; 14.7% (44/299) of
offspring with follow-up developed new-onset bipolar spectrum (15 with bipolar-1/11) over eight
years. Scales collected at baseline and follow-up were reduced using factor analyses; factors (both
at baseline and visit proximal to conversion or last contact) were then assessed as predictors of
new-onset bipolar spectrum.

Results—Relative to community control offspring, at-risk and bipolar offspring had higher
baseline levels of anxiety/depression, inattention/disinhibition, externalizing, subsydromal manic,
and affective lability symptoms (p<.05). The strongest predictors of new-onset bipolar spectrum
were: baseline anxiety/depression, baseline and proximal affective lability, and proximal
subsyndromal manic symptoms (p<.05). While affective lability and anxiety/depression were
elevated throughout follow-up in those who later developed bipolar spectrum, manic symptoms
increased up to the point of conversion. A path analysis supported the hypothesized model that
affective lability at baseline predicted new-onset bipolar spectrum, in part, through increased
manic symptoms at the visit prior to conversion; earlier parental age of mood disorder onset also
significantly increased risk of conversion (p<.001). While youth without anxiety/depression,
affective lability, and mania (and with a parent with older age of mood disorder onset) had a 2%
predicted chance of conversion to bipolar spectrum, those with all risk factors had a 49% predicted
chance of conversion.
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Conclusions—Dimensional measures of anxiety/depression, affective lability, and mania are
important predictors of new-onset bipolar spectrum in this population of at-risk youth. These
symptoms emerged from among numerous other candidates, underscoring the potential clinical
and research utility of these findings.

The average individual with bipolar disorder experiences impairing mood symptoms for
about 10 years before obtaining an accurate diagnosis (1-3). While retrospective studies of
adults with bipolar disorder indicate symptom onset during childhood or adolescence, few
were diagnosed before 18 years old (4,5). Diagnostic delays have detrimental consequences
including inappropriate treatments, increased hospitalization, and increased suicide risk (6).
Thus it is crucial to better characterize the prodromal symptoms preceding bipolar disorder
onset.

Multiple lines of evidence indicate the presence of significant psychopathology preceding
bipolar onset. Based on retrospective studies of both adults and children, sleep disturbances,
anxiety, depressive symptoms, affective lability, subthreshold hypomanic symptoms,
behavioral dyscontrol, and irritability have been reported to precede bipolar disorder (3,7-9).
Many of these characteristics have also been identified in youth at genetic risk for bipolar
disorder (10-18).

While the above findings indicate the presence of prodromal symptoms, non-specificity
limits their clinical and research utility. To identify a prodrome that might predict bipolar
disorder, parallel to the concept of ultra-high risk population in the schizophrenia literature
(19), prospective studies are imperative. To date, extant prospective studies have focused
primarily on categorical predictors of bipolar disorder, including both subsyndromal and
syndromal diagnoses. The most important result to emerge from such studies is that
subthreshold hypomanic episodes are an important predictor of bipolar spectrum in
depressed adults (20), depressed adolescents (21,22), and offspring of bipolar parents (23).
Major depressive episodes (23,24) and disruptive behavioral disorders (23) also predict
bipolar spectrum onset in genetically at-risk youth. Anxiety disorders precede onset of mood
disorder in at-risk youth (25,26), and are hypothesized to represent an early stage in the
development of bipolar disorder (27).

One way to improve the characterization of prodromal symptoms is to move from a
diagnostic perspective to a dimensional framework, assessing symptomatology on a
continuum. The current study prospectively assesses the predictive value of several
dimensional measures administered at baseline and follow-up. To our knowledge, only one
study has assessed the prospective impact of dimensional measures, and interpretation was
limited by small number of converters (n=9) (28).

The Pittsburgh Bipolar Offspring Study (BIOS) recently assessed categorical predictors of
bipolar disorder and showed that disruptive disorders, major depressive episodes, and in
particular subthreshold manic episodes were associated with developing bipolar disorder in
at-risk offspring (23). Instead of focusing on mood episodes and categorical disorders, we
use the same sample to assess whether dimensions are predictive of new-onset bipolar
spectrum in at-risk offspring. This analysis first focuses on the impact of dimensional scales
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at baseline, to answer the following important clinical question: which aspects of clinical
presentation from a single encounter predict new-onset bipolar spectrum? Next, we assess
which dimensions are proximal predictors of new-onset bipolar spectrum, and we examine
the trajectory of each significant factor prior to conversion (or last contact). Finally, we
combine these predictors into a path analysis, to test a model for how significant
independent predictors, both at baseline and proximal visit, lead to bipolar onset. We
hypothesized that symptoms at baseline would impact the risk of bipolar spectrum, in part,
through more proximal symptoms.

Methods

Sample

The methods of BIOS have been described in detail in prior reports (23,29). All procedures
were approved by the University of Pittsburgh Institutional Review Board prior to the start
of the study.

Parents with bipolar-1/11 were recruited via advertisement, research studies, and outpatient
clinics. Exclusion criteria were a lifetime diagnosis of schizophrenia, mental retardation, or a
mood disorder secondary to medical illness, substance or medication use. Control parents
were recruited from the community without regard to non-bipolar psychopathology, group-
matched by age, sex, and neighborhood. In addition to the above exclusion criteria, control
parents could not have a first-degree relative with bipolar disorder. The study included all
offspring aged 6 to 18 years, unless the child had mental retardation. We used the entire
sample for the factor analysis and baseline comparisons. For analyses predicting new-onset
bipolar spectrum, we only used offspring of bipolar parents without bipolar spectrum at
baseline (at-risk offspring).

Procedures

Informed consent from the parents and assent from the children were obtained. Parents and
participating biological co-parents (31%) were assessed by direct interview using the
Structured Clinical Interview for DSM-IV. The psychiatric history of non-participating
biological co-parents was obtained from the participant parent using the Family-History
Research Diagnostic Criteria (30).

At baseline and during follow-up visits, parents and their offspring were interviewed using
the Schedule for Affective Disorders and Schizophrenia for School Age Children-Present
and Lifetime Version (K-SADS P/L) for non-mood disorders and the K-SADS Mania Rating
Scale and the depression items from the KSADS-Present \ersion present versions, which
assess symptoms during the worst week over the past month (31,32). Assessments were
performed by interviewers trained with the diagnostic instruments, and were reviewed by a
child psychiatrist; all were blind to parental diagnoses. Summary scores were obtained using
clinical consensus, integrating parent and offspring interviews. Parents and offspring
completed several rating scales covering a range of psychopathology including, among
others, the Child Affective Lability Scale (33) and Child Behavioral Checklist (34) (Table 1,
eMethods). Socioeconomic status was determined using the Hollingshead scale (35).
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Follow-up evaluations were performed every two years to assess for onset of DSM-1V
disorders. Kappa coefficients for all disorders were =0.70. Date of bipolar onset was set to
be the first time the participant met criteria for bipolar disorder, not-otherwise-specified or
DSM-IV criteria for a manic, mixed or hypomanic episode. As detailed elsewhere (and
described in eMethods), operationalized criteria were used for bipolar disorder, not-
otherwise-specified (36). Youth with this diagnosis have comparable family history of
bipolar disorder, suicidality, risk for substance abuse, and psychosocial impairment to those
with Bipolar-1/11 (29,36-38), and have roughly 50% chance of progressing to Bipolar-1/11
within five years (23,39).

Statistical Analyses

Baseline scales were reduced using maximum-likelihood factor analyses in SAS 9.4. The
Kaiser rule, scree test, and Horn’s Parallel Analysis were used to choose optimal factor
solutions. Several rotations were attempted, with the goal of optimizing separation of factors
and minimizing items that did not load onto any factors. While all analyses yielded similar
factor structures, the final solution included four factor analyses [ Parent-Report, Child-
Report, Depression Rating Scale, and Mania Rating Scalé] conducted on the entire
population utilizing an oblimin rotation. For the Depressionand Mania Rating Scales,
individual items were entered into the factor analyses; for the Parent- and Child-Report
factor analyses, we used either full scale scores or, if available, subscale scores based on
previous factor analyses (Table 1, eMethods).

To mitigate the impact of missing data, we imputed results using Multivariate Imputation by
Chained Equations. Offspring who did not have data for an entire factor analysis (n=46)
were excluded. Factor structure did not change with imputation. Extremely rare items (<10
positive responses) were excluded from the factor analysis. If an item loaded on more than
one factor (weight >.3), clinical interpretation was used to determine the appropriate factor.
The Parent-Report, Child-Report, and Depression Rating Scale factor analyses yielded three
factors; the Mania Rating Scale factor analysis did not yield a statistically or conceptually
meaningful separation, and so was analyzed as a single factor (Table 1, eTables 1-3). Factor
scores were derived by multiplying each standardized item score by the corresponding factor
loading, and then summing the products under each factor.

Differences in demographic and clinical characteristics at baseline among bipolar parents
with at least one offspring with bipolar spectrum, bipolar parents without bipolar offspring,
and control parents were assessed using standard statistical methods. Characteristics of
offspring were compared using mixed effects regression models, controlling for within-
family correlation. Mixed models were also used to evaluate differences in factors across
these three offspring groups. Demographic covariates that differed between the three groups
(p<.2) were entered in the analysis; covariates that remained predictors in the multivariate
model (p<.2) were retained. Three control offspring had bipolar spectrum at baseline; these
youth were excluded from all analyses. Analyses were conducted both with and without
adjustment for non-bipolar psychopathology of both biological parents that met the above
threshold criteria.
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Cox regression was used to determine which factors at baseline were individually predictive
of new-onset bipolar spectrum within at-risk offspring, after adjusting for covariates that met
the above retention criteria. This method models events according to duration of follow-up,
thus indicating the impact of each factor on time to disorder onset. Analyses were adjusted
for demographics, parental non-bipolar categorical diagnoses, and offspring non-bipolar
categorical diagnoses (listed in eMethods). To assess whether factors were similarly
predictive of bipolar-1/11, we conducted a sensitivity analysis, removing individuals who had
bipolar not-otherwise-specified at the time of right censorship (i.e. last visit). To determine
which factors explained a significant amount of unigue variance, a penalized regression
model (Lasso; Least Absolute Shrinkage and Selection Operator; see eMethods) including
all individually significant predictors of bipolar spectrum was used. We also assessed for
interactions between child non-bipolar categorical diagnoses and factors to predict new-
onset bipolar spectrum. Relevant regression models were used to determine which scales/
subscales within each of the predictive factors were driving the observed relationship. All
results were adjusted for within-family correlations, using frailty models.

We next assessed factor scores at the visit preceding either bipolar onset or right censorship,
using logistic regression to evaluate proximal predictors of bipolar conversion. Similar to
intake models, we first assessed whether each factor was individually predictive, and then
used Lasso regression to determine which factors were independently predictive. All
analyses were adjusted for multiple comparisons, covariates that met the above statistical
threshold (demographics, parental diagnoses, and child diagnoses), and within-family
correlation. To assess whether group differences persisted across time, we graphed
trajectories of independently predictive factor scores up to the point prior to bipolar
conversion (or right censorship). Finally, we used a path analysis to test the pathways by
which significant baseline and proximal predictors predicted bipolar spectrum onset,
entering variables that were significant predictors in intake and/or proximal models. Of note,
25 participants only had one visit prior to either bipolar spectrum conversion or right
censorship; this visit was used for both the intake and proximal models, but these individuals
only contributed to the proximal time point in the path analysis.

Sample Characteristics

Parents—Compared to controls, both parent groups with bipolar disorder were less
likely to be married at baseline (p<.05) and had higher rates of all DSM-1V disorders (p <.
0001). Compared to controls, bipolar parents with bipolar offspring were younger (p=.006)
and had lower socioeconomic status (p=.04). Bipolar parents with vs. without bipolar
offspring did not significantly differ according to demographics or co-morbidity (eTable 4).
Co-parent depression differed across group (p=.02), and was highest in co-parents of bipolar
parents without bipolar offspring (eTable 5).

Offspring—Offspring characteristics have been described previously (23). Briefly, at

baseline the mean age for all offspring, including bipolar (n=33), at-risk (n=326), and
control offspring (n=220), was 11.7+3.5 years at baseline (19.6+4.5 years at last
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assessment), 48% of offspring were male, and average Hollingshead Socioeconomic Status
score was 35.1+13.6 (middle class). Over 95% of the offspring (n=553) had data from at
least one follow-up visit, with an average of 3.6+1.2 follow-ups (median=4, range 1-6) over
a mean duration of 8.3+2.4 years. Loss to follow-up did not differ between offspring groups.
Compared to at-risk and control offspring, bipolar offspring were born to younger mothers
(p<.005) and less likely to live with both biological parents (p<.05). Except for substance
use disorders, which did not significantly differ across groups, non-bipolar psychopathology
was most prevalent in bipolar offspring followed by at-risk and then control offspring (most
p-values<.01) (eTable 6). In addition to the 33 offspring with bipolar spectrum at baseline,
44 at-risk offspring developed new-onset bipolar spectrum during follow-up; mean age of
conversion was 14.8+4.0 years old.

Factors across Baseline-Defined Groups

Compared with at-risk and control offspring, bipolar offspring had higher scores on all
factors at baseline (most p-values<.0001) (Figure 1, eTable 7). At-risk offspring had
significantly higher scores than control offspring on all factors except for Sleep Problems
(from the Depression Rating Scale); most associations remained significant after adjustment
for parental non-bipolar psychopathology (eTable 8).

Baseline predictors of new-onset bipolar spectrum in at-risk offspring

Of the 299 at-risk offspring with follow-up data available, 44 developed new-onset bipolar
spectrum (15 with bipolar-1/11) over a mean of approximately eight years. Conversion to
bipolar spectrum (regardless of sub-type) was associated with an increase in manic and
depressive symptoms, and decreased global functioning (eTable 9; eFigure 1). Though youth
with bipolar disorder not-otherwise-specified by definition had never meet full criteria for a
(hypo)manic episode, 84% had met subthreshold manic criteria for at least 30 lifetime days,
and 72% reported at least two days meeting criteria during a single week.

Internalizing symptoms, externalizing symptoms, and affective lability significantly
predicted new-onset bipolar spectrum, even after taking into account categorical diagnoses
(Table 2). These symptoms were similarly predictive of bipolar-1/11 (excluding youth with
bipolar disorder not-otherwise-specified) (Table 2). When all baseline factors were entered
together into a penalized (Lasso) Cox regression, Parent-Reported Internalizing
[X2=6.75,p=.009] and Child-Reported Affective Lability [X?=4.00,p=.046] significantly
predicted new-onset bipolar spectrum (Table 3). History of a depressive disorder
[X2=7.04,p=.008], co-parent with bipolar disorder [X2=5.49,p=.02], and earlier parental age
of mood disorder onset [X?=8.42,p=.004] were also predictive. There were no significant
interactions between factors and baseline history of categorical disorders.

The scale that best accounted for the observed relationship between Parent-Reported
Internalizing and bipolar onset were the internalizing subscales of the Child Behavioral
Checklist (eTable 10). Child-Reported Affective Lability was derived from the three Child
Affective Lability Scale subscales (irritability, mania, and anxiety/depression); irritability
was the best independent predictor, but anxiety/depression was also a highly significant
individual predictor (eTable 11).
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Proximal Predictors of new-onset bipolar spectrum in at-risk offspring

Proximal predictors of bipolar spectrum onset were similar to those observed at baseline,
with an important exception. Manic symptomatology, which did not significantly predict
new-onset bipolar spectrum at baseline, was a strong proximal predictor of conversion
(Table 3). A similar pattern was seen when individuals with a final diagnosis of bipolar
disorder not-otherwise-specified were excluded (Table 2). When all factors were entered into
a penalized (Lasso) logistic regression, elevated Child-Reported Affective Lability
[X2=3.85,p=.0498] and Mania Rating Scale [X?=13.49,p=.0002] emerged as significant
predictors of conversion at next visit (vs. right censorship), even after taking into account
categorical diagnoses. Lifetime diagnosis of an anxiety disorder [X?=5.35,p=.021] and
earlier parental age of mood disorder onset [X2=5.96,p=.014] were also significant
predictors. Because of the way we selected the “proximal visit”, youth who converted to BD
were on average younger at this proximal visit than those who were right censored; thus age
at proximal visit was retained as a nuisance covariate. There were no significant interactions
between factors and lifetime history of categorical disorders.

Of the three affective lability subscales, irritability was the most important proximal
predictor of new-onset bipolar spectrum (eTable 12). Most items in the mania rating scale
were significant proximal predictors of bipolar onset. The most significant independent
predictors within this scale (using Lasso regression) were irritability, hyperactivity, and
distractibility; elation was not significant in the combined model, but was a highly
significant individual predictor (p<.0001) of new-onset bipolar spectrum (eTable 13).

Factor Trajectories Prior to Conversion (or Right Censorship)

Trajectories for significant independent baseline predictors (Parent-Reported Internalizing
and Child-Reported Affective Lability) indicated that group differences were robust
throughout follow-up (Figure 2a and 2b). In contrast, Mania Rating Scale increased across
time in youth who would go on to develop new-onset bipolar spectrum (Figure 2c),
consistent with manic symptoms as a proximal predictor of conversion. Trajectories for all
other factors can be found in the eSupplement (eFigure 2).

Path Analysis

Based on previous work indicating that mood lability predicts the development of
subthreshold manic symptoms (40) and hypomania (41), we hypothesized that baseline
Child-Reported Affective Lability would contribute to increased Manic Rating Scale at the
proximal visit. The model was consistent with our hypothesis: all paths tested were highly
significant (most p<.001) and the root mean square error of approximation was 0.000,
indicating excellent fit. Of the covariates independently predictive in the above models
(parental age of mood disorder onset, co-parent with bipolar disorder, history of depressive
disorder at baseline, and lifetime anxiety disorder), only earlier parental age of mood
disorder onset had a significant direct effect on the outcome, when taking into account
dimensional measures (Figure 3). In the path model, history of depressive disorder at
baseline and lifetime anxiety disorder were not significant predictors of new-onset bipolar
spectrum. Adjustment for age at proximal visit did not appreciably alter results, and is
included as a nuisance covariate.
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To assess clinical significance of results, we used the underlying probit regression model to
calculate predicted risk of new-onset bipolar spectrum according to independent predictors
of the outcome. We found that a participant with low levels of affective lability, anxiety/
depression, and manic symptoms (one S.D. below the mean), whose parent had older age of
mood disorder onset (one S.D. above the mean), had only a 2% predicted chance of
conversion over the course of follow-up. In contrast, a participant with high levels of these
symptoms (all one S.D. above the mean), whose parent had younger age of onset (one S.D.
below the mean), had a 49% predicted chance of conversion (a 24-fold increase in risk) over
follow-up (Figure 4). Running the model using parental age of mood onset as a dichotomous
variable showed that defining early parental onset at age 18 yielded similar results.

Discussion

In this sample of at-risk offspring, the most important prospective dimensional predictors of
new-onset bipolar spectrum were anxiety/depressive symptoms (baseline), affective lability
(baseline and proximal), and subthreshold manic symptoms (proximal). Consistent with
previous work (42,43), we also found an increased risk of new-onset bipolar spectrum with
earlier parental age of mood disorder onset (e.g., < 18 y.0). The predicted risk for an
individual with all of these risk factors was over 24-fold higher than the predicted risk for an
individual with none of these risk factors. These predictors were significant above and
beyond categorical disorders, and in fact, the disorders were no longer significant predictors
of bipolar spectrum onset after taking into account dimensions. Interactions between
dimensions and disorders were also not significant, meaning that the effect of dimensions
did not differ according to diagnostic category. Trajectory and path analyses indicated that
anxiety/depression and affective lability were initial predictors of new-onset bipolar
spectrum, and remained consistently elevated in those who would go on to convert. In
contrast, manic symptoms increased up to the visit prior to conversion; affective lability at
baseline predicted new-onset bipolar spectrum, in part, through the increase in manic
symptoms at the proximal visit.

While affective lability emerged as an important predictor of new-onset bipolar spectrum in
this analysis, this symptom might not be regularly assessed by clinicians. In this study, and
in previous work (17), we used the Child Affective Lability Scale (parent and child report) to
assess this domain, which factors into three symptom categories: depression/anxiety,
irritability, and subthreshold mania. Thus, this freely available self-report may be used to
screen offspring of parents with bipolar who are at risk to develop this disorder.

Although child and parent reports were found to be important for different domains, the
current study does not provide evidence that informant is relevant, but rather is likely an
artifact of collected scales. Regarding internalizing symptoms, we did not have a child
equivalent of the Child Behavior Checklist, which was driving the association of parent-
report internalizing with new-onset bipolar disorder. While both parents and children
completed the Child Affective Lability Scale, the parent-report factored into separate
domains, while the child-report factored together; thus there was no parent-reported
Affective Lability factor, per se. Thus, we draw our conclusions about the domains rather
than the informants.
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These findings build on a recent analysis from the BIOS study, which identified
subsyndromal manic ep/sodes as an important categorical predictors of bipolar disorder (23).
We add to this work by finding that subsyndromal manic symptoms (even in the absence of a
mood episode) predict bipolar spectrum onset in at-risk youth. Our results are also consistent
with findings from retrospective and at-risk studies that point to a wide-ranging set of
prodromal symptoms, in particular, anxiety/depression (26,27), affective lability (17,44,45),
and subthreshold manic symptoms (45,46) [reviewed in (9)]. We find that almost all
dimensions are elevated in youth at-risk for disorder (as compared to community control
offspring). However, we add to these previous findings by assessing the degree to which
each dimension prospectively and independently predicts bipolar onset, even after
adjustment for parental and offspring non-bipolar disorders. Using longitudinal data, we also
begin to define both an “initial” prodrome for bipolar disorder (which can occur up to seven
years prior to disorder (47)) and a “proximal” prodrome (two years prior to onset). From a
single clinical encounter, anxiety/depression and affective lability are the best predictors of
future new-onset bipolar spectrum (“initial” prodrome). Progressively increased
subsyndromal manic symptoms (along with affective lability) emerge as the most important
predictors of conversion within the next two years (“proximal” prodrome). Of note, over half
of youth with these symptoms did not develop bipolar spectrum within the follow-up period;
thus the presence of this prodrome does not imply that they will necessarily develop
disorder, but rather identifies the youth who are at highest risk of conversion.

This study has several strengths on which we have capitalized in this analysis. First, the
sample size and length of follow-up have led to adequate numbers of youth developing de
novo bipolar spectrum to prospectively assess predictors of onset, differentiating them from
consequences or correlates of disorder. Second, we collected data on a large number of both
self-report and clinician-administered scales at baseline, allowing for a comprehensive
assessment of mood, anxiety, and behavioral dimensions that could be potentially predictive
of disorder. Thus, we did not constrain our analyses based on theory, but rather used a data-
driven approach to identify independent predictors of disorder. Third, data were available
regarding parental and offspring demographic and clinical characteristics. Adjustment for
such variables established that observed associations were related to bipolar spectrum, and
not confounded by these factors.

This study also has limitations, which should be kept in mind when interpreting results.
First, our results focused on the predictors of bipolar onset within at-risk offspring, thus we
do not know if results would generalize to a population without such a familial risk. Second,
visits were scheduled every two years, so the “proximal” time point was often 1-2 years
prior to bipolar spectrum conversion. Because of this, our analyses might have missed
prodromal symptoms appearing within only months of disorder onset. Third, while we had
adequate numbers of new-onset bipolar spectrum to assess predictors, we had relatively few
youth with bipolar-1/11. However, we had enough power to conduct a sensitivity analysis,
which revealed consistent findings to the primary model, thus mitigating this concern to
some extent. Power to test interactions between dimensions and categorical disorders was
also limited, rendering this analysis exploratory. Fourth, our average age at baseline was
under twelve years old, and many of the at-risk offspring might yet develop bipolar disorder
(particularly those with major depression), since some are only entering the high-risk period
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for developing the disorder. Thus our findings might apply preferentially to cases with
earlier onset, as opposed to those who develop bipolar spectrum during adulthood. Young
age at baseline might also explain discrepancies between our sample and other at-risk
cohorts, such as the fact that substance abuse did not differ across baseline groups [see (23)
for a full discussion]. Fifth, our “Sleep” variable consisted only of items from the KSADS
Depression Rating Scale, and thus did not rigorously characterize sleep. Circadian
dysfunction, when measured more directly, might predict new-onset bipolar disorder.

Despite limitations, these findings have important implications. We find that a diverse array
of dimensional psychopathology is associated with family history of bipolar disorder.
However, a smaller subset of symptoms predict bipolar onset, above and beyond the
presence of categorical diagnoses. From a single assessment, anxiety/depression and
affective lability should raise clinical suspicion that at-risk youth will develop bipolar
spectrum in the future, particularly in those whose parent(s) developed a mood disorder at an
earlier age. As these youth are followed in time, the persistence of affective lability and
emergence of manic symptoms markedly increase the conversion to bipolar spectrum within
the next few years. Clinically, this more specific set of prodromal symptoms might identify
youth who would benefit particularly from early pharmacological and/or psychosocial
interventions and increased surveillance. From a research perspective, the definition of an
“ultra-high risk” population might facilitate the identification of biomarkers and the
evaluation of early interventions.
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Figure 1.

Baseline Differences in each factor across groups, adjusting for demographics. All two-
group comparisons are significant (p<.05) except for S/eep scores between at-risk and
control offspring.
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Figure 2.
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Trajectories for dimensions graphed up to final eligible visit (either the visit prior to
conversion or the visit prior to right censorship). a. Parent-Reported Internalizing, b. Child-
reported affective lability, c. manic rating scale.
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Figure 3.
Path analysis showing significant predictors of new-onset bipolar spectrum from baseline

and proximal visits. Baseline history of depressive disorders, lifetime anxiety disorders, and
co-parent with bipolar disorder were significant in individual models, but did not directly
predict bipolar spectrum onset in the final probit model. Model is adjusted for age at
proximal visit, a nuisance covariate in this analysis. Correlations and beta coefficients
between variables are included. ***p<.001, **p<.01
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Figure 4.

Predicted probability of new-onset bipolar spectrum for risk profiles defined by significant
predictors in the overall probit model. Predicted risk differed substantially between someone
with no symptoms (baseline anxiety/depression, proximal affective lability, and proximal
manic symptoms all 1 S.D. below the mean) vs. someone with all of these symptoms (1 S.D.
above the mean). Predicted risk also differed according to parental age of mood disorder
onset, looking in particular at an individual 1 S.D. below the mean (parent proband
developed mood disorder at 11 years old) vs. 1 S.D. above the mean (parent proband
developed mood disorder at 29 years old). Results are adjusted for age at proximal visit, a
nuisance covariate in this analysis.
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Table 1

Results of factor analyses conducted separately for Parent-Report, Child-Report, and Depression Rating Scale

Parent-Report

Factor Items
Mood and Feelings Questionnaire, Screen for Child Anxiety Related Disorders
Internalizing (all subscales), Child Behavioral Checklist (anxious/depressed, withdrawn,

somatic complaints, social problems, thought problems)

Externalizing

Child Affective Lability Scale (irritability subscale), Child Affective
Dysregulation Scale (all subscales), Disruptive Behavioral Disorders Rating
Scale (opposition/defiance, crime), Children’s Hostility Inventory (all
subscales), Child Behavioral Checklist (rule-breaking behavior, aggressive
behavior)

Inattention/Disinhibition

Child Affective Lability Scale (mania subscale), Disruptive Behavioral
Disorders Rating Scale (inattention, hyperactivity), Child Behavioral Checklist
(attention problems)

Child-Report

Internalizing

Mood and Feelings Questionnaire, Screen for Child Anxiety Related Disorders
(all subscales)

Externalizing

Children’s Hostility Inventory (all subscales)

Affective Lability

Child Affective Lability Scale (all subscales)

Depression Rating Scale

Depressive/Atypical Symptoms

Depressed mood, irritability/anger, reactivity, diurnal mood variation, guilt,
negative self-image, hopelessness, aches and pains, anhedonia, fatigue, poor
concentration, psychomotor retardation, social withdrawal, daytime sleepiness,
hypersomnia, anorexia, increased appetite, craving for sweets, weight gain,
leaden paralysis, rejection sensitivity

Sleep Problems

Initial/middle/terminal insomnia, circadian reversal, non-restorative sleep

Suicidality

Suicidal ideation, number/seriousness/lethality of suicide attempts, recurrent
thoughts of death
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