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Abstract

Objective: With each recurrence the prognosis of bipolar disorder (BD) worsens, indicating the
need to identify the factors associated with increased recurrence risk. The course of BD is
heterogenous and although risk factors for recurrence for the group as a whole have been reported
in the literature, identification of risk factors for a specific individual are crucial for developing
personalized treatments.

Method: 363 recovered BD youths/young adults from the Course and Outcome of Bipolar Youth
(COBY) study were included. Participants were evaluated on average every 7-months for a median
of 12.5 years and interviewed with standard instruments. Risk factors of recurrence from the
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literature were utilized to build a Risk Calculator (RC) to predict recurrence risk at different time
intervals.

Results: Approximately 80% of participants had at least one syndromal recurrence and 60% had
> 2 recurrences, particularly depressions. The 6-month and 1, 2, 3, and 5-year RC showed an
accuracy between 72% to 82% for predicting any mood recurrences, and up to 80% for depression
and 89% for hypo/mania (sensitivity/specificity both 0.74). The most influential recurrence risk
factors were shorter recovery lengths, younger age at assessment, earlier mood onset, and more
severe prior depression. Although important, other factors associated with recurrence risk, such as
interepisodic subsyndromal mood symptoms and comorbidities did not influence the RC score
beyond factors noted above.

Conclusion: The RC provides a useful tool for predicting an individual’s recurrence risk of
depression and/or hypo/mania in BD youths and for developing personalized interventions and
informing research. Replication studies are warranted.

Keywords

youth; bipolar disorder; longitudinal course; personalized medicine; risk calculator

Introduction

Bipolar Disorder (BD) is a recurrent illness that impacts psychosocial functioning and
increases the risk for substance abuse and suicidality.1'2 Moreover, as each recurrence
worsens prognosis, identifying persons at high risk of future episodes is a crucial need.

Among the factors associated with elevated risk of mood recurrences across age in BD are
age, early age of mood onset, severity, number of past recurrences, subthreshold residual
mood symptomatology, BD subtype, psychosis, comorbid disorders, lack of treatment and/or
poor adherence, and family psychopathology (Supplement 1, available online).114 However,
since the course of BD is heterogeneous, with some people having more recurrences and
others a more benign course, these predictors, while important at the group /level, do not
answer a crucial clinical question necessary to tailor treatments for a specific person: What
is the risk of recurrence for an individual with BD?

Recently, person-specific mathematical models, referred to as risk calculators (RC), have
been developed to identify the optimal group of factors that predict the likelihood that an
individual will develop a specific condition in the future.1516 For example, RCs have been
successfully validated and implemented to predict the personalized risk of medical illness
such as cancer or cardiovascular conditions. 17:18 These RCs have become very useful tools
to inform about the prognosis and treatment for a specific patient,15-18

Risk prediction models have been developed to predict the onset and persistence of
depression, psychosis, suicidality, response to treatment for depression, medication side
effects, and in one study, the onset of BD in depressed adult patients.1516:19-25 | youths,
the Pittsburgh Bipolar Offspring Study (BIOS) developed a RC to predict the 5-year risk of
developing BD in offspring of parents with BD.2! The presence of subthreshold manic
symptoms, depression, anxiety, and mood lability, poor functioning, and early parental age

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2021 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Birmaher et al.

Method

Page 3

of mood disorder onset predicted onset of BD with 76% discrimination. Finally, the Course
and Outcome for Bipolar Youth (COBY) study, by including early-onset mood
symptomatology, anxiety, mood lability, and family psychopathology, built and externally
validated a RC which predicted the risk of developing BD I/l in youths with subthreshold
manic symptoms to BD-I/Il with 71% discrimination. 26 The above RC is useful for
predicting new onset BD in children and adolescents who have not yet developed it and
whose parents have BD. However, it cannot be used to predict recurrences in youths that
already have this disorder or to predict the recurrence of depressive episodes.

In a prior publication, COBY reported the 4-year course and factors associated with
increased risk for mood recurrences for the group as a whole.® The goal of the current paper
is, for the first time, to build a RC to predict the personalizedrisk of a depressive or hypo/
manic recurrence for youths with BD who have been followed for over 12 years though the
COBY study. To make the time-frame of this RC comparable to those published in
medicine, we built our RC to predict the recurrence risk over 5-years following recovery of a
mood episode, though other intervals of prediction were also analyzed.

COBY’s methods have been previously documented.*-® Relevant to this paper, COBY
initially enrolled 413 BD youths who fulfilled DSM-1V criteria for BD-I, and BD-Il and an
operationalized COBY criteria for BD-NOS (For the BD-NOS criteria, see Supplement 2,
available online). To develop the RC, participants needed to have a history of a full-threshold
mood episode and had to be in recovery (at least 2 months of no or minimal mood
symptoms), which allowed 363 participants to be included in the RC sample (mean age at
intake: 12.6£3.2; mean age at the last follow-up: 24.5 + 4.6; BD-I: n=218, BD-II: n=25, and
BD-Not Otherwise Specified (NOS): n=120; Table 1). To be included in the RC analyses,
participants with BD-NOS at intake were required to: 1) have had a full threshold mood
episode, 2) have recovered from this episode for least 8 weeks, and 3) have at least one
threshold mood episode after this recovery period.

Participants were interviewed approximately a median of every 7.4 months for a median
duration of 12.5 years with an 88% rate of retention. As compared to retained participants,
dropouts were less likely to live with both biological parents were more likely to have
ADHD and family history of conduct disorder.

Participants were mainly recruited from outpatient clinics (67.6%) and directly interviewed
for psychiatric disorders using the Schedule for Affective Disorders and Schizophrenia for
School-Age Children-Present and Lifetime Version (K-SADS-PL).27 Participants with
schizophrenia, 1Q < 70, autism, and mood disorders secondary to substances, medications,
or medical conditions were excluded.

Week-by-week longitudinal change in psychiatric symptoms and treatment was assessed
using the Longitudinal Interval Follow-up Evaluation (LIFE) and quantified using the
instrument’s Psychiatric Status Rating (PSR) scale.?8 The PSR uses numeric values linked to
the DSM-1V2 criteria and participants’ functioning. For mood disorders, PSR=1-2 indicates
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no or minimal symptoms, 3-4 subthreshold mood symptoms, and = 5 for syndromal
symptomatology (For details regarding the PSR scoring see Supplement 3, available online).
As defined in the literature (e.g.,39), recovery was defined as two consecutive months with
PSR=1-2 and recurrence by a PSR score of = 5 for at least one week for hypomania/mania/
mixed symptoms, and at least two weeks for major depressive episode. The consensus scores
obtained after interviewing parents and their children were used for the analyses.

Parents were evaluated using the Structured Clinical Interview (SCID),3! and were
interviewed about first/second-degree family members with a modified Family History
Screen.32 The family psychopathology presented in this paper represents the summary of
data collected during the full length of the study.

Socio-economical-status was ascertained using the Hollingshead Scale.33

Research staff were trained to reliably administer the interviews, and child psychiatrists/
psychologists confirmed all diagnoses during consensus conferences. The overall KSADS-
PL kappas for psychiatric disorders were = 0.8 and for the subthreshold mood disorders
ascertained through the PSR >0.75.

Each participating University’s Institutional Review Board approved the study, and consent
and/or assent was obtained from the participants and their parents.

Statistical Analysis

Kaplan-Meier estimation and mixed regressions were used for descriptive analysis of
recurrence rates and predicted risk scores.

The RC was built following the criteria recommended by Fusar-Poli and colleagues.16
Participants’ recovery periods were divided into six-month intervals beginning with the
onset of the recovery, which enabled analysis of the effect of current recovery length on
future recurrence-risk. Each datapoint defined the multinomial outcome variable as
recurrence status (depressive recurrence vs. hypo/manic recurrence vs. no recurrence) over
the next 5-years from each distinct point during recovery.

To avoid overfitting the model, the RC was built with predictors based on factors from the
existing literature, rather than the results from COBY or the results of the prior RC that
predicted risk of developing BD I/11 in youths with subthreshold manic symptoms.28 To
optimize the practicality and disseminability of the RC, the most reproducible risk factors
published in the literature were included: past and present duration of the remissions (or the
corresponding, number of recurrences), severity of mood symptoms (i.e., maximum PSR
scores recorded during the previous episode), age, age of mood onset, and first and/or
second degree family history of mania (Supplement 1, available online).1=14 In addition, we
also explored the influence on the RC of other factors that have been associated with
increased risk for recurrence such as interepisodic subsyndromal mood symptoms,
suicidality, psychosis, abuse, comorbidities (e.g., ADHD), and non-manic/hypomanic family
psychopathology (Supplement 1, available online).

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2021 October 01.
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Initial prediction models implemented various survival analysis designs, such as competing
risk regression34 and recurrent events Cox regression.3> However, these parametric
techniques failed to account for both the multinomial and recurrent nature of the outcome
variable. Thus, the final model was trained via boosted multinomial classification trees,36:37
a useful model for these data since it implicitly incorporates interactions between predictors
and has been previously demonstrated to effectively predict depressive episodes.2®
Predictions were then calibrated via Platt scaling.38 To avoid overfitting, approximately half
of the sample was used to train the model, while the other half was used to independently
test the model. Further, the training sample was divided into five folds so that Platt scaling
could be performed via cross-validation.3? An algorithm was employed to optimize balance
between randomized sets and folds in number of observations and recurrences per
subsample. Randomization was performed at the participant level, meaning that when a
participant was randomized into a given fold, all of his/her observations were assigned to
that one fold. For additional statistical information, see Supplement 4, available online.

To test the validity of the model, discrimination was assessed via the area under the receiver
operating characteristic curve (AUC) on the testing sample (evaluating predicted probability
of any recurrence). Test sensitivity, specificity, and positive predictive value were assessed at
a range of risk-thresholds. Calibration was tested via Hosmer-Lemeshow testing (by
predicted risk decile) and by plotting and comparing observed vs. predicted recurrence-risk.
To test the predictive importance of each variable, two measures were used: (1) Friedman’s
relative influence statistic3” (calculated via cross-validation) and (2) the decrement in AUC
with removal of that variable from the model (significance of decrements tested via 95%
bootstrap interval). After the final model was trained and tested, the addition of other factors
that have been associated with increased risk for mood recurrences were evaluated
(Supplement 1, available online).

The effectiveness of the RC to predict recurrences was also evaluated for 6 months and
1,2,3, and 5 years. Finally, sensitivity analyses were also performed to assess the RC
including only BD-1/11 observations, and then only BD-1 observations, as well as considering
PSR = 4 instead of PSR > 5, because a PSR= 4 includes participants with substantial
subthreshold mood symptoms.

Rates of Recovery/Recurrences.

During a median follow-up time of 12.5 years (mean age at the last assessment: 24.5+4.6),
participants had a median of two recovery periods with a median recovery length of 2.1
years with a range between 8 weeks to 15 years. Over 80% (294/363) of participants had at
least one syndromal recurrence (Kaplan-Meier estimated risk = 83%), and 204 experienced
> 2 recurrences (estimated risk = 60%; range: 2-15), with most recurrences being
depressions (71%).

The estimated median time until first recurrence after initial recovery was 1.5 years (range:
56 days — 11.8 years). The proportion of participants who had depressive or hypo/manic
recurrences increased over time, but at progressively decreasing rates, until approximately
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the three-year point, after which cumulative incidence stabilized (Figure S1, available
online). Thus, for the RC analyses, participants’ six-month recovery periods were truncated
at an upper bin of 3+ years.

Five-year Risk Calculator.

The training/testing subsample randomization resulted in a training set of 182 participants
with 1155 observations and a testing set of 181 participants with 1263 observations. There
were no between-subsample significant differences in length of follow-up, percent of follow-
up in recovery, length of recovery periods, number of recurrences, polarity of recurrences, or
on any demographic, clinical, or family psychiatric history factors. Overall, the training/
testing set partitioning procedure yielded subsamples with a high degree of balance. The test
AUCs of the boosted multinomial regression’s risk predictions were 0.82 (95% bootstrap
interval: 0.81, 0.84), 0.80 (0.78,0.82) and 0.89 (0.85,0.91) for any mood, depressive, and
hypo/manic episodes, respectively. The calibration plot (Figure S2, available online)
indicated that predicted and observed recurrence-risk were consistent through the range of
risk-scores, and the median predicted 5-year risk in the testing sample (0.52) closely
matched the observed rate of recurrences in the testing sample (event rate=0.55). Further,
predicted risk and observed rates of conversion within decile did not significantly differ
(Hosmer-Lemeshow X2:5.33, df=8, p=0.7), indicating no evidence of miscalibration. Table
2 shows test prediction metrics at a range of predicted risk thresholds. Optimal sensitivity
and specificity were both 0.74 at a predicted risk threshold of approximately 0.50, with
positive predictive value of 0.78. Of the eleven factors included in the model (Table 3), five
accounted for over 80% of the overall relative influence to increase the recurrence risk. In
order of influence, the five factors were: 1) prior recovery lengths (higher risk with shorter
recoveries), 2) age at the time of the assessment (higher risk with younger age), 3) current
recovery length (higher risk with shorter recovery), 4) severity of the previous DSM major
depressive episode (PSR =5), and 5) age of mood disorder onset (higher risk with earlier
onset). The only factors associated with a significant decrement in the AUC when removed
were age at the time of the assessment, age of mood onset, and current recovery length.

When evaluating predictor importance differentially by polarity of the next recurrence,
current recovery length was most predictive of depressive recurrences, presence of hypo/
manic symptoms in most prior episodes was most predictive of manic episodes, and age, age
of mood disorder onset, and prior recovery length were strong predictors of both depressive
and manic recurrences.

In addition to the eleven factors noted above, we explored the influence of other factors that
have been reported in the literature to be associated with increased recurrence-risk including
history of suicide attempts, psychosis, inter-episodic subthreshold mood symptoms, polarity
of the index episode, abuse, comorbid disorders (e.g., ADHD, SUD), and family history of
unipolar depression and non-mood psychopathology (Table 4). These factors exerted
minimal additional influence in the model above and beyond the effects of the eleven factors
noted above (Table 3).

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2021 October 01.
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Risk Calculator for 6-months and 1, 2, and 3-years (Figure 1):

The RC using the same predictors in the 5-year model was also effective when predicting
any mood recurrence-risk at 6 months and 1, 2, and 3 years after recovery with AUCs of
0.72,0.75, 0.78, and 0.80, respectively, and showed strong calibration (Hosmer-Lemeshow
p-values ranging from 0.3-0.7). Similar AUCs were found for depressive recurrences. For
hypomanic/manic recurrences, the AUCs were around 0.89 for all time intervals.

Sensitivity Analyses.

AUCs were comparable when training and testing the model including only BD-I/11
observations (0.83) and then only BD-I observations (0.85), and the same above-noted five
predictors made up the top 80% of overall relative influence in both retrained models. Also,
the model was trained and tested when the definition of recurrence included subthreshold
manic symptoms (PSR = 4) instead of threshold manic symptoms (PSR = 5) yielding an
AUC =0.82.

Low Base Rate but Clinically Severe Risk Factors.

The relative influences of suicide attempts and psychosis on the RC were less than 1%,
indicating low predictive influence relative to the other factors in the model (Table 4).
However, given the clinical significance of these factors, we further analyzed whether
adding suicide attempts or psychosis to the model would substantially change estimated risk
scores in the subsample with these factors. Comparing standardized risk scores estimated by
models with versus without each factor in the model amongst participants with the
respective factor, we found that the mean difference in standardized risk-scores was virtually
zero (both p-values~1). Further, linear mixed regressions found that participants with history
of psychosis and suicide attempts already had significantly higher risk-scores, as estimated
by the original RC (p-values<0.01).

Discussion

Similar to the youth and adult literature,1.7:9-11.12 we found that among recovered BD youth
during a median of 12.5 years of follow-up, about 80% had at least one syndromal
recurrence, and 60% experienced = 2 recurrences, particularly major depressions.
Participants had a median of two recovery periods during follow-up, and the median
recovery length was 2.1 years. Using eleven predictors of mood recurrence from the BD
literature that are commonly ascertained in clinical practice (Table 3), we successfully built a
practical and potentially, disseminable RC. Utilizing these factors, the 5-year RC showed
excellent discrimination with an AUC of approximately 0.82 for any recurrences and 0.8 to
0.89 for the depression and hypo/manic recurrences, respectively, and a sensitivity and
specificity both at 0.74 with a positive predictive value of 0.78. Similar findings were found
when the analyses were done with only BD-I youths or when the definition of recurrence
included significant subthreshold mood symptoms (PSR= 4) instead of threshold symptoms
(PSR = 5). The AUCs for any mood recurrence-risk at 6 months and 1,2, and 3 years ranged
from 0.72 to 0.80 (Figure 1). Similar findings were observed for depressive recurrences. For
hypo/manic recurrences, the AUCs were around 0.89 for all time intervals.

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2021 October 01.
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Of the eleven factors associated with increased risk recurrence included in the RC, five
accounted for over 80% of the overall relative influence to increase the recurrence risk
including shorter current and previous recovery lengths, younger age at the time of
assessment, earlier mood onset, and more severe depression in the previous episode. When
predicting differentially by episode polarity, current recovery length was most predictive of
major depressive recurrences, and presence of hypo/manic symptoms in most prior episodes
was most predictive of hypo/manic episodes. This last finding corroborated prior reports
indicating that the polarity of the initial mood episodes predicts the polarity of future
episodes.1:2°

It is important to emphasize that there are other factors that have been reported in the BD
literature to be associated with recurrence risk (e.g., inter-episodic subsyndromal mood
symptoms, comorbid disorders, trauma, suicidality, psychosis) (Supplement 1, available
online).1~14 Each of these factors in isolation are important, but perhaps due to the fact that
they tend to co-occur with the factors included in the RC (e.g., more severe depressive
episodes are associated with more suicidality), they did not influence the RC score above
and beyond'the factors included in the model. For example, the recurrence-risk was not
underestimated for participants with suicidality or psychosis because even without including
these risk factors in the model, these participants had significantly higher risk scores.
However, it is important to note that given the severity of some of the symptoms (e.g.,
suicidality and psychosis), clinicians are advised to consider the gravity of these conditions
when evaluating a patient with a low risk score.

The proposed RC showed AUCs that are comparable to RCs developed to predict psychasis,
new onset of BD in offspring of parents with BD, and medical illnesses (AUCs ~ 0.7-0.8).
15-25 Thys, it can be used for biological and treatment studies, such as comparing the
biological differences and differential treatment response between youths/young adults with
low and high-risk scores. A clinician could utilize the RC, which already considers the
inherent heterogeneity of the course of BD,1-3:911.12 to predict the person-level risk for
recurrences by polarity at different points of time after recovery. This information can
inform the management of individual patients and is valuable for the patients and their
families to enhance their understanding of illness prognosis and become more involved in
their treatment. For example, a high-risk score may indicate the need for more frequent
follow-ups, and more intensive treatment to avoid recurrences.

The results of this study should be considered within the context of the following
limitations. Most participants were Caucasian recruited from University settings limiting the
generalizability of the results. Nonetheless, course and outcome in non-clinically referred
BD youth have been shown to be similar to those in referred populations.*0 COBY recruited
participants with childhood/adolescent-onset BD. Thus, it is unclear to what extent the
results apply to adult-onset BD. Type of treatment and adherence to treatment can also
influence the risk of recurrence.! However, we did not measure adherence and since the
effects of treatment are confounded by indication, treatment was not included in the RC. The
monitoring of symptoms using the PSR in research settings, and in our study, is more
systematic than what is typically done in clinical practice. Thus, the need to externally
validate the calculator in routine clinical practices. Despite that COBY is a prospective
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longitudinal study, the assessment of symptoms since the last assessment are retrospective
and subject to recollection bias. Finally, the presence of factors associated with high-risk for
recurrence are not stable and may change over time, and as new findings are available, new
factors (e.g., genetic and neuroimaging) may be added.

In conclusion, although knowing the factors associated with recurrence-risk across a BD
sample is informative, given the heterogeneity of the course of BD, determining the
individual recurrence-risk is critical to personalize the treatment for a specific-person. For
this purpose, we proposed a simple, cost-effective, and disseminable RC to predict mood
recurrences and the polarity of the recurrences that includes a limited number of self-
explanatory factors that usually are part of the regular management of BD. Thus, the RC
offers a potentially useful clinical and research tool to predict the individual progression of
the illness and guide treatment. Further validation in an independent sample is warranted.

For illustration, the RC instructions for obtaining information about mood PSR scores and
other factors may be found at www.pediatricbipolar.pitt.edu (under Resources), and are also
included in the Supplements 3 and 5 available online. The following vignettes are examples
of the clinical use of the RC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Vignette

Adam is a 17-year-old male with history of bipolar disorder (BD) since he was 10 years
old, and he has both a parent and a grandparent with BD. His last episode was 2 years
ago and lasted about 12 weeks. This episode was manifested with depressive symptoms,
and the most severe depressive score (using the rating scale provided in eSupplement 3
was 5. Before the last mood episode, Adam was well for one year. Since age 10, he has
had more than 2 episodes mainly manifested by depression. Entering this information
into the risk calculator yielded risk scores of 0.19, 0.39, 0.66, and 0.73 for years 1, 2, 3,
and 5, respectively. These results indicated that Adam was at 19%, 39%, 66%, and 73%
predicted risk to have a mood recurrence in the next 1, 2, 3, and 5 years, respectively.
Overall, the 5-year predicted risk of a depressive episode is 69% as compared to 4% for a
manic episode.

Based on the above information, Adam’s therapy and pharmacological treatment should
focus mainly on preventing depression. Adam and his family should be informed that he
is at high risk to have a depressive episode. Thus, he and his family should be advised to
seek treatment as soon as the depressive symptoms begin to occur and educated about the
importance of adhering to treatment to avoid further recurrences.

In contrast, Jane is a 16-year-old patient with similar clinical characteristics to Adam, but
has infrequent mood episodes and no family history of bipolar disorder. The risk
calculator for Jane showed very low 1-5-year risk scores, and consequently, much less
likelihood of having a recurrence in the next 5 years. This case raises the question of
whether patients with very low risk for recurrence should be treated with ongoing
pharmacotherapy, an issue that warrants further research.
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Figure 1. Area Under the Curve (AUC) by Length of Prediction Interval of Youths With Bipolar
Disorder (Training: n=182, Testing: n=181)

Note: PSR = Psychiatric Status Ratings (PSR) from the Longitudinal Interval Follow-Up
Evaluation (LIFE); PSR 1-2 = no or minimal symptoms, PSR 3-4 = subthreshold mood
symptoms, PSR = 5 = syndrome symptomatology; Recovery = 2 months with PSRs 1-2;
Recurrence= PSRs = 5 for at least 1 week for hypo/mania, and at least 2 weeks for a major

depressive episode.
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Demographic and Clinical Characteristics of Youths with Bipolar Disorder (Training: n=182, Testing: n=181)

Intake Demographic Variables

Mean Age at Intake (SD) 12.6 (3.2)
Mean Age at the last follow-up (SD) 24.5 (4.6)
Mean Socioeconomic Status (SD) 3.4 (1.2)
Sex (% Female) 171 (47.1%)
Race (% Caucasian) 299 (82.4%)
Live with Both Biological Parents (%) 161 (44.4%)
Intake Clinical Variables
Mean Age of Mood Disorder Onset (SD) 9.4 (3.9)
Bipolar Disorder (BD) Subtype
BD-I 218 (60.1%)
BD-II 25 (6.9%)
BD-NOS 120 (33.1%)
Generalized Anxiety Disorder (%) 52 (14.3%)
ADHD (%) 208 (57.3%)
Disruptive Behavioral Disorders (%) 165 (45.5%)
Psychosis (%) 83 (22.9%)
Physical/Sexual Abuse (%) 72 (19.8%)
Polarity of the Index Episode (%)
Depression 51 (14.0%)
Mania 69 (18.9%)
Hypomania 30 (8.2%)
Mixed 62 (17.0%)
Not Otherwise Specified 153 (41.9%)
Mean Total Number of New Recurrences (SD)
Depression 23(1.7)
Mania 1.3(0.8)
Hypomania 1.5(0.9)
Mixed 1.1(0.3)
Lifetime (intake plus follow-up) Family History
Depression (%) 322 (88.7%)
Mania/Hypomania (%) 211 (58.1%)
Anxiety (%) 269 (74.1%)
ADHD (%) 168 (46.3%)
Conduct Disorder (%) 126 (34.7%)
Psychosis (%) 64 (17.6%)
Substance Use Disorder (%) 254 (70.0%)
Suicidality (%) 188 (51.8%)
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Note: Disruptive behavior disorders indicates oppositional defiant disorder and/or conduct disorder. Substance use disorder indicates all alcohol and
substance abuse and dependence. ADHD = attention-deficit/hyperactivity disorder;
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Table 2.

Predictive Metrics for Range of Recurrence-Risk Score Cutoffs for the 5-year Risk Calculator for Youths With
Bipolar Disorder (Training: n=182, Testing: n=181)

Predicted Risk Cutoff Decision Statistics (Any Recurrence)

Risk Score Cutoff | Proportion of Sample in Risk Group | Sensitivity | Specificity | Positive Predictive Value

0.40 0.67 0.87 0.57 0.72
0.45 0.60 0.81 0.66 0.75
0.50 0.53 0.74 0.74 0.78
0.55 0.44 0.65 0.83 0.82
0.60 0.37 0.58 0.89 0.86

Optimal Sensitivity/Specificity = 0.74 at Cutoff = 0.50
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Individual Predictive Value of Each Factor Included in the Risk Calculator of Youths With Bipolar Disorder
(Training: n=182, Testing: n=181)

hypo/manic symptoms?

Across-Fold Test AUC Decrement if Removed from Model
. . Average
Predictor Domain Factors Relative A Recurrence Depressive Manic
Influence Y Recurrence Recurrence
Age at assessment 16.23% ~0.025% -0.019 -0.010
E:szfrgfaphid':am“y Age of mood disorder onset 7.31% ~0.016% ~0.0214 -0.020
Family History of Mania (1 o _ _ _
stvs. 2nd vs. Both) 2.09% 0.003 0.007 0.004
Maximum PSR major o _ _ _
depression score 10.36% 0.007 0.008 0.007
Number of weeks with o _ _ B
Factors From the Previous | threshold major depression >5%% 0005 0.007 0.005
Episode ; ;
Maximum PSR hypofmania 3.63% 0.000 -0.003 ~0.002
Number of weeks with o _ _
threshold hypo/mania 1.56% 0.000 0.005 0.006
Recovery Factors Current recovery length 15.84% -0.009 ~0.0307 -0.005
Prior recovery length 31.19% -0.016 -0.014 -0.011
Number of Recurrences 0 _ B
past Episode History (None vs. 1vs. 2+) 0.33% 0.000 0.003 0.003
Factors . .
Episodes mostly include 5.88% 0.000 ~0.008 ~0.012

Note: AUC = area under the receiver operating characteristic curve; PSR = psychiatric status ratings from the Longitudinal Interval Follow-Up
Evaluation (LIFE); PSR 1-2 = no or minimal symptoms, PSR 3-4 = subthreshold mood symptoms, PSR = 5 = syndrome symptomatology;
Recovery = 2 months with PSRs 1-2; Recurrence = PSRs = 5 for at least 1 week for hypo/mania, and at least 2 weeks for a major depressive

episode.

aSignificantIy different from zero after bootstrapping 95% Cls.
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Additional Demographic and Clinical Factors Evaluated for the 5-year Risk Calculator for Youths With
Bipolar Disorder (Training: n=182, Testing: n=181)

Effect of Adding Individual Predictors

Effects of Adding Full Predictor

Domain
Additional Predictor Variables
. Relative
AUC Increment | Relative Influence AUC Increment Influence
Demographics
Female 0.000 0.05
Caucasian 0.001 0.52
SES 0.000 0.92 0.002 244
Living with both biological parents 0.001 1.32
Comorbid Diagnoses
Any Comorbid Diagnosis 0.000 0.04
GAD 0.000 0.00
ADHD 0.000 0.06
DBD 0.000 0.31 0.005 2.34
Psychosis 0.001 0.25
SuUD 0.004 1.78
History of Physical/Sexual Abuse 0.000 0.18 0.000 0.18
Suicidality
Lifetime Suicide Attempt 0.000 0.06
Lifetime Threshold Suicidal Ideation 0.000 0.14 0.000 0.20
Expanded Family History
Depression 0.000 0.64
ADHD 0.001 1.11
CD 0.002 1.38 0.011 7.56
Anxiety 0.000 1.02
SuD 0.007 412
Suicidality 0.003 1.44
Most Severe Mood Symptoms Lifetime
Major Depression 0.001 1.86 0.001 341
Hypo/mania 0.000 1.70
Out-of-Episode Subthreshold Mood Symptoms
(Presence vs. Absence)
Subthreshold Major Depression 0.000 0.19 0.001 0.58
Subthreshold Hypomania 0.000 0.39
Index Episode Polarity 0.002 2.00 0.002 2.00
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Note: ADHD = attention-deficit/hyperactivity disorder; BD = bipolar disorder; DBD = disruptive behavior disorders (incorporating oppositional
defiant disorder and/or conduct disorder); GAD = generalized anxiety disorder; PSR = Psychiatric Status Ratings from the Longitudinal Interval
Follow-Up Evaluation (LIFE); PSR 1-2 = no or minimal symptoms, PSR 3-4 = subthreshold mood symptoms, PSR =5 = syndrome
symptomatology; Recovery = 2 months with PSRs 1-2; Recurrence = PSRs > 5 for at least 1 week for hypo/mania, and at least 2 weeks for a major
depressive episode; SES = socioeconomic status; SUD = substance use disorder (incorporating all alcohol and substance abuse and dependence);
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