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IMPORTANCE Early identification of individuals at high risk for the onset of bipolar spectrum
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disorder (BPSD) is key from both a clinical and research perspective. While previous work has
identified the presence of a bipolar prodrome, the predictive implications for the individual
have not been assessed, to date.
OBJECTIVE To build a risk calculator to predict the 5-year onset of BPSD in youth at familial
risk for BPSD.
DESIGN, SETTING, AND PARTICIPANTS The Pittsburgh Bipolar Offspring Study is an ongoing
community-based longitudinal cohort investigation of offspring of parents with bipolar I or II
(and community controls), recruited between November 2001 and July 2007, with a median
follow-up period of more than 9 years. Recruitment has ended, but follow-up is ongoing. The
present analysis included offspring of parents with bipolar I or II (aged 6-17 years) who had
not yet developed BPSD at baseline.
MAIN OUTCOMES AND MEASURES This study tested the degree to which a time-to-event
model, including measures of mood and anxiety, general psychosocial functioning, age at
mood disorder onset in the bipolar parent, and age at each visit, predicted new-onset BPSD.
To fully use longitudinal data, the study assessed each visit separately, clustering within
individuals. Discrimination was measured using the time-dependent area under the curve
(AUC), predicting 5-year risk; internal validation was performed using 1000 bootstrapped
resamples. Calibration was assessed by comparing observed vs predicted probability of
new-onset BPSD.
RESULTS There were 412 at-risk offspring (202 [49.0%] female), with a mean (SD) visit age of
12.0 (3.5) years and a mean (SD) age at new-onset BPSD of 14.2 (4.5) years. Among them, 54
(13.1%) developed BPSD during follow-up (18 with BD I or II); these participants contributed a
total of 1058 visits, 67 (6.3%) of which preceded new-onset BPSD within the next 5 years.
Using internal validation to account for overfitting, the model provided good discrimination
between converting vs nonconverting visits (AUC, 0.76; bootstrapped 95% CI, 0.71-0.82).
Important univariate predictors of outcome (AUC range, 0.66-0.70) were dimensional
measures of mania, depression, anxiety, and mood lability; psychosocial functioning; and
parental age at mood disorder.
CONCLUSIONS AND RELEVANCE This risk calculator provides a practical tool for assessing the
probability that a youth at familial risk for BPSD will develop new-onset BPSD within the next
5 years. Such a tool may be used by clinicians to inform frequency of monitoring and
treatment options and for research studies to better identify potential participants at ultra
high risk of conversion.
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ffspring of parents with bipolar disorder (BD) are at risk
for a broad range of psychopathology, including bipolar spectrum disorder (BPSD).1,2 Research indicates that they also have a higher rate of anxiety, unipolar mood
disorders, and behavioral disorders,2-5 along with a range of
difficulties, including mood lability, anxiety, and attention
problems.6-9 However, identifying which offspring will go on
to develop BPSD remains a major challenge. Multiple studies
have pointed to a prodrome that precedes the onset of BD, lasting at least 2 years10 and up to 10 years.11 The most consistent
symptom predictors of BD (in youth and adults) are subthreshold manic symptoms, subthreshold and full-threshold depressive symptoms, mood lability, and anxiety,1,10,12,13 which are
not necessarily specific for BD. Despite this progress, it remains unclear how these factors combine to influence the prognosis of an individual at familial risk.
The challenge of risk prediction is not unique to psychiatry. Over the past few decades, other fields of medicine have
used risk predictive models to assess how a combination of risk
and protective factors influence the risk of developing
disorders.14 From these models, risk calculators can be constructed, which allow the clinician to enter in relevant variables and estimate the probability that a particular outcome
will occur during a given period.15 The most well-known is
probably the Framingham Risk Score for cardiovascular disease, which is used regularly in primary care to stratify risk of
future myocardial infarction and thus appropriately intervene to decrease risk.16
While risk calculators have been used widely in nonpsychiatric medical disorders, the development of such models
in psychiatry has been limited. A recent review article identified 43 adult studies that generated risk predictive models.17
Most of these models were for depression and psychosis, with
only one for BD; the use of internal and external validation
within these studies was somewhat limited. Adding significantly to this literature, the authors of the North American Prodrome Longitudinal Study (NAPLS) generated a risk calculator from their data to predict the 2-year onset of psychosis in
a sample of very high-risk adolescents and young adults.18 They
tested a model based on predictors from the literature and
found adequate levels of discrimination (able to distinguish
those who converted vs those who did not) and calibration (predicted and observed risk matched within each stratum of the
risk calculator). Furthermore, they were able to test this model
on a completely independent data set and found that the discrimination and calibration were very good.19 More recently,
a risk calculator was developed to predict psychosis in adults
initially seen for treatment of nonpsychotic psychiatric disorders, which also yielded very good discrimination.20
Herein, we build a risk calculator to determine the risk of
conversion to BPSD in youth at familial risk for the disorder
using data from the ongoing community-based longitudinal
Pittsburgh Bipolar Offspring Study (BIOS).1,2 The BIOS is a cohort investigation of offspring of parents with bipolar I or II (and
community controls), recruited between November 2001 and
July 2007, with a median follow-up period of more than 9 years.
Recruitment has ended, but follow-up is ongoing. Such a risk
calculator would have both clinical and research utility. From
842

Key Points
Question Can a risk calculator be developed to predict, on the
individual level, the risk of developing bipolar spectrum disorder in
youth at familial risk for the disorder?
Findings In an ongoing cohort study that included 412 offspring of
parents with bipolar disorder (54 of whom developed bipolar
spectrum disorder during follow-up), predictors from the literature
were used to construct a risk calculator to distinguish those who
would develop bipolar spectrum disorder in the next 5 years vs
those who would not. The model (which included mood and
anxiety symptoms, general psychosocial functioning, and parental
age at mood disorder onset) discriminated with an area under the
curve of 0.76, indicating good discrimination, comparable to risk
calculators used clinically in other areas of medicine.
Meaning This risk calculator is an important practical tool to
inform clinical decisions (eg, frequency of monitoring) and
research studies (eg, to help identify an ultra–high-risk group for
studies of biomarkers and prevention).

a research perspective, a risk score could be used to identify
individuals at ultra high risk of conversion, which would allow for more efficient testing of biomarkers that precede conversion and therapies that might prevent or delay onset. From
a clinical perspective, this risk score could be used to monitor
the risk of conversion over time and might also help clinicians weigh risks and benefits of using certain psychotherapy
or pharmacological interventions.

Methods
The methods of BIOS have been described in detail in prior
studies13,21 and are described in detail in the eMethods in the
Supplement. All procedures were approved by the University
of Pittsburgh Institutional Review Board.

Sample
Parents with bipolar I or II were recruited via advertisement,
research studies, and outpatient clinics. The study recruited
offspring who were originally aged 6 to 18 years, unless the
child had an illness that interfered with participation in the
study (eg, mental retardation or autism). We used any visit
where the offspring was aged 6 to 17 years. For the present
analysis, we excluded youth with BPSD at baseline (n = 33),
leaving 480 offspring, 412 of whom were younger than 18 years
at baseline and had at least one follow-up visit.

Procedures
Written informed consent from the parents and written assent
from the children were obtained. Participating parents were assessed by direct interview using the Structured Clinical Interview
for DSM-IV. At baseline and during follow-up visits, parents and
their offspring were interviewed using the Kiddie Schedule for
Affective Disorders and Schizophrenia for School-Age Children–
Present and Lifetime Version (K-SADS-PL) for nonmood disorders, the K-SADS Mania Rating Scale (KMRS) and the depression
items from the KSADS–Present Version (KDRS), which assess
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symptoms (both subthreshold and threshold) during the worst
week over the past month.22,23 Summary scores were obtained
using clinical consensus, integrating parent and offspring interviews. Parents and offspring completed several rating scales (at
baseline and follow-up visits) covering a range of psychopathology, including (among others) the Children’s Affective Lability
Scale (CALS)24 and the Screen for Child Anxiety Related Emotional Disorders (SCARED).25 We used the Children’s Global Assessment Scale (CGAS)26 as a basic quantification of functioning
at home and school for children and adolescents.
Follow-up evaluations were performed every 2 years to assess for the onset of DSM-IV disorders. Date of bipolar onset was
set to be the first time the participant met criteria for BD not otherwise specified (BD-NOS) or DSM-IV criteria for a manic, mixed,
or hypomanic episode. As detailed elsewhere, operationalized
criteria were used for BD-NOS.27 Youth with this diagnosis have
a family history of BD, suicidality, risk for substance abuse, and
psychosocial impairment comparable to those with BD I or
II,21,27-29 and 50% progress to BD I or II within 5 years.1,30

Statistical Analysis
To make use of the full extent of longitudinal data, we used
assessment as the unit of analysis, allowing us to use presenting symptoms at both baseline and relevant follow-up visits
and to model the time to new-onset BPSD (or censoring) separately from each assessment. Inclusion of data from follow-up visits allows us to incorporate symptoms that might occur closer to BPSD conversion, which is especially important
because some prodromal symptoms seem to emerge proximal to conversion.13 We included all index assessments that
were (1) before the onset of BPSD, (2) before age 18 years, and
(3) followed by at least one additional assessment. Index assessments for participants after age 18 years were excluded because different self-report scales were used in youth vs adults.
We used baseline-resetting Cox proportional hazards regression to model the time to event (conversion or right censoring) from each index assessment using a frailty model parameterization to account for clustering of visits within
individual. Because of the wide range of follow-up from each
index assessment, we used the model to assess the predicted
cumulative hazard (ie, risk) at 5 years. The median follow-up
time for baseline-resetting Cox proportional hazards regression was 5.9 years, thus allowing for sufficient data to test cumulative hazard within a 5-year window.
To avoid the circular logic of testing the prognostic power of
variables that have previously shown to be predictive within the
BIOS sample, we used the results from a recent meta-analysis10
that identified prodromal symptoms in children and adults who
later develop BD. This meta-analysis generated an objective list
of 26 items found to be fairly common (>25%) in individuals before conversion, including subsyndromal manic symptoms, subsyndromal depressive symptoms, mood lability, general psychosocial functioning, and anxiety. To specifically capture these
symptoms, we modified the KMRS and KDRS (only including
items found to be common in the meta-analysis); CALS, SCARED,
CGAS, child age, and parental age at mood disorder onset (in the
bipolar proband) were also entered as predictors (Box). We use
child-reported CALS and SCARED in the primary analysis. Parenjamapsychiatry.com
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Box. Predictors in Risk Calculator Based on the Recent
Meta-analysis by Van Meter and Colleagues10
Measure

1. Modified KMRS (elation, irritability, decreased need for sleep,
unusually energetic, increase in goal-directed activity, motor
hyperactivity, grandiosity, accelerated speech, racing thoughts,
poor judgment, inappropriate laughter, people seeking, increased
productivity, distractibility, and mood lability)
2. Modified KDRS (depressed mood, irritability, negative
self-image, fatigue, difficulty concentrating, psychomotor
agitation, insomnia, daytime sleepiness, anorexia, weight loss,
and suicidal ideation)
3. SCARED (child reported)
4. CALS (child reported)
5. CGAS
6. Offspring age at visit
7. Parental age at mood disorder onset
Abbreviations: CALS indicates Children’s Affective Lability Scale;
CGAS, Children’s Global Assessment Scale; KDRS, K-SADS–Present Version;
KMRS, K-SADS Mania Rating Scale; K-SADS, Kiddie Schedule for Affective
Disorders and Schizophrenia; and SCARED, Screen for Child Anxiety Related
Emotional Disorders.

tal age at mood disorder onset was entered because several investigations have shown that BD with earlier onset is more likely
to be familial.31
To avoid overfitting, training and testing were performed and
internally validated via the algorithm by Harrell et al32 for bootstrap optimism correction using 1000 bootstrapped resamples
(eMethods in the Supplement). Discrimination and calibration
were evaluated within this bootstrap procedure; discrimination
was measured using the time-dependent area under the curve
(AUC), predicting the 5-year risk of an event.33 Calibration was
assessed by (1) plotting observed vs predicted probability of conversion to BPSD and (2) using the Hosmer-Lemeshow test. Sensitivity, specificity, and positive predictive value were assessed
at a range of thresholds. To test the predictive importance of each
variable, we used (1) the 5-year AUC of a model with only that variable and (2) the decrement in the AUC with removal of that variable (or subset of variables) from the full model. Bootstrapped
95% CIs were calculated for both measures to assess statistical
significance. To ensure that the findings were not driven by youth
who developed BD-NOS (but not BD I or II), we ran a sensitivity
analysis removing youth who had a diagnosis of BD-NOS at their
most recent visit. Further supplemental analyses were used to
test additional potential demographic and clinical predictors of
BPSD. Specifically, we tested the change in AUC with the addition of each variable and calculated bootstrapped 95% CIs to assess statistical significance.

Results
Study Findings
Previous studies2,34 have described the baseline characteristics
of the BIOS sample. Offspring of bipolar parents (n = 412) were
(Reprinted) JAMA Psychiatry August 2017 Volume 74, Number 8
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Figure 1. Frequency Distributions of 5-Year Risk Among Converters
to Bipolar Spectrum Disorder and Nonconverters
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Figure 2. Calibration Plot of Model-Predicted 5-Year Risk
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Shown are predicted and observed frequencies of new-onset bipolar spectrum
disorder across a range of predicted risks. Predicted and observed frequencies
are similar, indicating that the model is well calibrated. The diagonal straight line
represents perfect calibration.

followed up for a median of 9.5 years; during that time, 54 (13.1%)
developed new-onset BPSD (9 BD I, 9 BD II, and 36 BD-NOS). Our
sample consisted of 1058 visits (with a median of 2.0 years between visits). Of these visits, 104 (9.8%) were “converting,” meaning that they preceded the onset of BPSD over the remaining
follow-up period (median, 5.9 years); 67 visits (6.3%) were followed by conversion to BPSD within the next 5 years. The mean
(SD) visit age was 12.0 (3.5) years, and the mean (SD) age at newonset BPSD was 14.2 (4.5) years.
After bootstrapping internal validation, the risk calculator discriminated between converting vs nonconverting visits
with a 5-year AUC of 0.76 (bootstrapped 95% CI, 0.71-0.82),
indicating good discrimination. A model using parent-report
scales (CALS and SCARED), in lieu of child report, showed
similar discrimination, with a 5-year AUC of 0.77 (bootstrapped 95% CI, 0.72-0.83). The distribution of risk scores
for participants who developed new-onset BPSD vs those
who did not indicated clinically relevant discrimination
between these 2 groups (Figure 1). The calibration plot shows
844

that the predicted and observed risks of new-onset BPSD
were consistent throughout the range of risk scores
(Figure 2). The median predicted risk score of 0.05 matched
closely to the 5-year probability of conversion of 0.06, and
the Hosmer-Lemeshow test result was not significant
(χ2 = 6.19, P = .63), indicating good calibration.
Table 1 lists the mean values for each predictor within
converting vs nonconverting visits and the degree to which
each variable contributed to model prediction. Based on
this risk calculator, an individual with more symptoms
(anxiety, mood lability, depressive, and manic symptoms),
lower general psychosocial functioning, and whose parent
had a younger age at mood disorder onset is at greater risk
for developing new-onset BPSD. Univariate AUC values indicate that all predictors except offspring age at visit discriminated moderately well (AUC range, 0.66-0.70) and that discrimination is unlikely to be due to chance. Removing
individual variables did not lead to a significant decrement
in the AUC. Removing pairs of variables also did not lead to
a significant decrease in the AUC. The decrement associated
with removing the parental age at onset and CGAS was 0.06
( bootstrapped 95% CI, −0.00 to 0.12) (eTable 1 in the
Supplement). Four combinations of variable triplets were
associated with significant decrements in the AUC when
removed, ranging between 0.06 and 0.07. All triplets associated with a significant decrement included the parental age
at onset variable, indicating the importance of this variable
to the risk calculator (eTable 2 in the Supplement).
Table 2 lists model performance characteristics at a range
of thresholds. For example, a less stringent threshold of 0.05
would capture 82% of cases, but only 15% of the selected
sample would be expected to develop new-onset BPSD within
5 years. Using a more stringent threshold of 0.15, there would
be a higher frequency of 5-year conversion (30%) but would
only capture 37% of cases.

Supplemental Analyses
We reran our analysis excluding any participant who developed BD-NOS (but not BD I or II) by the end of follow-up. Within
this smaller sample (979 visits, 19 of which preceded conversion by ≤5 years), the 5-year AUC was 0.76 (95% CI, 0.690.83), indicating good discrimination. Therefore, our findings were not driven by BD-NOS. We also conducted
exploratory analyses to assess whether other predictors, not
found in the meta-analysis,10 might improve discrimination
of the risk calculator. Addition of demographic characteristics (socioeconomic status and living with both biological
parents), abuse, and a previous depression diagnosis did not
significantly improve model discrimination (AUC range, 0.760.77) (eTable 3 in the Supplement).

Discussion
Using data from a longitudinal cohort study of offspring of
parents with BD, we have built a risk calculator to predict
the 5-year risk of new-onset BPSD (available at http://www
.pediatricbipolar.pitt.edu). This model provides clinically

JAMA Psychiatry August 2017 Volume 74, Number 8 (Reprinted)

© 2017 American Medical Association. All rights reserved.

Downloaded From: by a University of Pittsburgh User on 05/08/2018

jamapsychiatry.com

Risk Calculator to Predict Bipolar Spectrum Disorder in Youth

Original Investigation Research

Table 1. Individual (Univariate) and Independent Predictive Value of Each Variable in the Risk Calculator
Mean (SD)

AUC (95% CI)

Predictor

Converting
Visits

Nonconverting
Visits

Univariate 5-y AUC

Decrement in AUC
If Removed

Modified KDRS

21.3 (8.5)

17.1 (6.1)

0.68 (0.62 to 0.74)a

0.00 (−0.06 to 0.05)

Modified KMRS

20.8 (6.4)

17.8 (4.7)

0.70 (0.64 to 0.76)a

0.01 (−0.05 to 0.06)

CALS

19.5 (15.1)

12.0 (11.5)

0.66 (0.59 to 0.72)a

0.00 (−0.05 to 0.06)

a

SCARED

28.0 (15.5)

18.6 (13.0)

0.66 (0.60 to 0.72)

−0.01 (−0.06 to 0.05)

CGAS

69.5 (13.0)

75.0 (12.9)

0.69 (0.63 to 0.76)a

0.01 (−0.05 to 0.06)

Parental age at mood
disorder onset

15.9 (5.8)

20.1 (8.5)

0.68 (0.62 to 0.74)a

0.05 (−0.02 to 0.11)

Offspring age at visit

11.7 (3.2)

12.1 (3.5)

0.50 (0.44 to 0.55)

0.00 (−0.06 to 0.06)

relevant discrimination between those who will develop
BPSD within 5 years vs those who will not. The AUC of 0.76
is comparable to previous risk calculators used in medicine
(eg, cardiovascular disease [AUC range, 0.76-0.79] 16 and
colorectal cancer [AUC, 0.68]35); it is also comparable to discrimination achieved by the NAPLS risk calculator 18 for
new-onset psychosis (0.71 in the initial study18 and 0.79 in
the validation study19). Anxiety, manic symptoms, depressive symptoms, mood lability, poor general psychosocial
functioning, and earlier parental age at onset individually
and collectively predicted new-onset BPSD. Additional
analyses excluding participants who developed BD-NOS
(but not BD I or II) by the end of follow-up indicated that the
findings were not driven by youth with BD-NOS.
This work builds on previous studies that identified predictors of BPSD at a population level. Specifically, we chose
predictors (including a modified selection of depressive and
manic symptoms) based on a recent meta-analysis10 that
did not include the findings from the BIOS sample. Notably,
there was much overlap between the findings of this metaanalysis and previous results from BIOS,13 which indicated
that subthreshold manic symptoms and mood lability were
i m p o r t a n t p r e d i c t o r s o f n e w- o n s e t B P S D. I n t h i s
way, we build on the results from our group’s previous
analysis, while avoiding model selection based on these
findings, which could induce circular logic and limit
generalizability.13
Building a risk calculator to estimate person-level risk
has important utility for both clinicians and research studies. For clinicians, this risk calculator represents a practical
tool that can be used to assess risk that a patient will
develop BPSD within the next 5 years; such information can
be used to provide prognostic information to the patient
and his or her family, as well as guide frequency of monitoring and early intervention. For researchers, this risk calculator provides a metric for identifying an ultra–high-risk
population with a high chance of developing BPSD over the
next 5 years, which may be useful for assessing biomarkers
(eg, neuroimaging) and for testing preventive measures and
early intervention. This risk score will also change and can
be monitored over time by both clinicians and researchers,
thus providing some indication of the risk trajectory that
might shed light on the efficacy of a particular intervention
(ie, an intermediate outcome). We provide a range of threshjamapsychiatry.com

Abbreviations: AUC, area under the
curve; CALS, Children’s Affective
Lability Scale; CGAS, Children’s Global
Assessment Scale; KDRS,
K-SADS–Present Version;
KMRS, K-SADS Mania Rating Scale;
K-SADS, Kiddie Schedule for Affective
Disorders and Schizophrenia;
SCARED, Screen for Child Anxiety
Related Emotional Disorders.
a

Statistically significant (P < .05).

Table 2. Performance Measures for a Range of Dichotomous
Risk Score Cutoffs
Risk Score
Cutoff

Proportion
of Sample
in Risk Group

Sensitivity

Specificity

Positive
Predictive
Value

0.05

0.54

0.82

0.49

0.15

0.10

0.23

0.53

0.80

0.22

0.15

0.12

0.37

0.91

0.30

0.20

0.06

0.21

0.95

0.32

olds that might be used when deciding whether to classify a
particular individual as being at ultra high risk of conversion; positive predictive values provide an indication of the
proportion above that threshold who would be expected to
develop new-onset BPSD. The optimal threshold will
depend on several factors, such as the goal of a particular
study or the risk profile of a given intervention.
While the primary aim of this study was not to assess
the association of individual variables, we assessed the
influence of removing each variable (and variable pairs and
triplets) to provide some indication of which predictors
were most central to the risk calculator. Removal of individual variables and variable pairs did not lead to significant
decrements in the AUC, reflecting redundancy in the model.
This finding is not surprising given that each scale was
highly correlated with at least one other scale in the model
(Spearman rank correlation range, ≥0.58) and that even
individual variables discriminated well (AUC range, >0.65).
In addition, there was limited power to answer this secondary question, as evidenced by the wide 95% CIs around the
decrement estimates. Nonetheless, consistent with the
literature, 3 1 ,3 6,3 7 parental age at mood disorder onset
emerges as the most important independent predictor
within the model because only combinations that included
this variable led to a significant decrement in the AUC.

Limitations
The findings of our study should be considered in light of some
limitations. First, our sample was not clinically recruited but
rather was selected without regard to symptoms in the offspring. While the predictors in the risk calculator were chosen based on a meta-analysis10 that includes clinical samples,
the specific estimates of risk are related to the base rate of the
(Reprinted) JAMA Psychiatry August 2017 Volume 74, Number 8
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sample and might thus underestimate risk in a clinical population. Future work should externally validate this risk calculator in a clinical setting. Second, our risk calculator was purposefully derived in a population of offspring of parents with
BD because these offspring are at elevated risk of BD; it is presently unknown how this risk calculator may perform among
individuals without such genetic loading. Third, we used stateof-the-art methods to internally validate our analysis, but we
did not have a sample available for external validation. The latter is the criterion standard and is the next step to establishing the clinical utility of this risk calculator. Fourth, while we
had adequate numbers of new-onset BPSD to build a risk calculator, we had few youth with BD I or II. However, we had adequate power to conduct a sensitivity analysis, which revealed findings consistent with those of the primary model.
Fifth, follow-up visits were scheduled every 2 years. Therefore, we do not know the precise timing of BPSD onset, and
our analyses might have missed transient symptoms.
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Conclusions
Despite these limitations, this study developed the first risk
calculator to predict the onset of BPSD in youth at familial
risk, to our knowledge, and one of the first risk calculators
for use in psychiatry. We built our predictive model using
the results from a recent meta-analysis10 and found that
dimensional mood and anxiety symptoms, general psychosocial functioning, and parental age at mood disorder onset
provide clinically relevant discrimination between those
who will develop BPSD within a 5-year follow-up vs those
who will not. We recognize that replication of these findings
is warranted before the risk calculator can be confidently
used for clinical decision making. In the interim, this risk
calculator provides a practical tool for assessing the prognosis and guiding monitoring and early intervention for offspring of parents with BD.

reported serving as an editorial board member of
Child and Adolescent Psychopharmacology News,
reported serving as a specialty consultant for
Prescriber’s Letter, and reported serving as a paid
consultant to L.E.K. Consulting. Dr Brent reported
receiving royalties from Guilford Press; reported
receiving royalties from the electronic self-rated
version of the Columbia–Suicide Severity Rating
Scale (C-SSRS) from eResearch Technology, Inc
(ERT); reported receiving consulting fees from
Lundbeck; and reported serving as an UpToDate
psychiatry section editor. Dr Kupfer reported
serving as a consultant to the American Psychiatric
Association (as chair of the DSM-5 Task Force),
reported having joint ownership of copyright for
the Pittsburgh Sleep Quality Index, reported being
a member of the Valdoxan Advisory Board of
Servier International, and reported being a
stockholder in AliphCom, HealthRhythms, Inc, and
Psychiatric Assessments, Inc. Dr Birmaher reported
receiving royalties from American Psychiatric
Publishing, Random House, Lippincott Williams
& Wilkins, and UpToDate and reported serving as a
consultant to Janssen Research. No other
disclosures were reported.
Funding/Support: This study was supported by
grant R01 MH60952 from the National Institute of
Mental Health (Dr Birmaher).
Role of the Funder/Sponsor: The funding
organization did not have a role in the design and
conduct of the study; collection, management,
analysis, and interpretation of the data;
preparation, review, or approval of the manuscript;
or decision to submit the manuscript for
publication.
Additional Contributions: Eric A. Youngstrom, PhD
(The University of North Carolina at Chapel Hill)
provided input on earlier versions of this analysis.
He was a paid consultant on the above grant.
REFERENCES
1. Axelson D, Goldstein B, Goldstein T, et al.
Diagnostic precursors to bipolar disorder in
offspring of parents with bipolar disorder:
a longitudinal study. Am J Psychiatry. 2015;172(7):
638-646.

2. Birmaher B, Axelson D, Monk K, et al. Lifetime
psychiatric disorders in school-aged offspring of
parents with bipolar disorder: the Pittsburgh
Bipolar Offspring Study. Arch Gen Psychiatry. 2009;
66(3):287-296.
3. Perich T, Lau P, Hadzi-Pavlovic D, et al. What
clinical features precede the onset of bipolar
disorder? J Psychiatr Res. 2015;62:71-77.
4. Duffy A, Horrocks J, Doucette S,
Keown-Stoneman C, McCloskey S, Grof P.
The developmental trajectory of bipolar disorder.
Br J Psychiatry. 2014;204(2):122-128.
5. Nurnberger JI Jr, McInnis M, Reich W, et al.
A high-risk study of bipolar disorder: childhood
clinical phenotypes as precursors of major mood
disorders. Arch Gen Psychiatry. 2011;68(10):
1012-1020.
6. Diler RS, Birmaher B, Axelson D, et al.
Dimensional psychopathology in offspring of
parents with bipolar disorder. Bipolar Disord. 2011;
13(7-8):670-678.
7. Birmaher B, Goldstein BI, Axelson DA, et al.
Mood lability among offspring of parents with
bipolar disorder and community controls. Bipolar
Disord. 2013;15(3):253-263.
8. Egeland JA, Shaw JA, Endicott J, et al.
Prospective study of prodromal features for
bipolarity in well Amish children. J Am Acad Child
Adolesc Psychiatry. 2003;42(7):786-796.
9. Shaw JA, Egeland JA, Endicott J, Allen CR,
Hostetter AM. A 10-year prospective study of
prodromal patterns for bipolar disorder among
Amish youth. J Am Acad Child Adolesc Psychiatry.
2005;44(11):1104-1111.
10. Van Meter AR, Burke C, Youngstrom EA,
Faedda GL, Correll CU. The bipolar prodrome:
meta-analysis of symptom prevalence prior to initial
or recurrent mood episodes. J Am Acad Child
Adolesc Psychiatry. 2016;55(7):543-555.
11. Conus P, Ward J, Hallam KT, et al. The proximal
prodrome to first episode mania: a new target for
early intervention. Bipolar Disord. 2008;10(5):
555-565.
12. Faedda GL, Marangoni C, Serra G, et al.
Precursors of bipolar disorders: a systematic

JAMA Psychiatry August 2017 Volume 74, Number 8 (Reprinted)

© 2017 American Medical Association. All rights reserved.

Downloaded From: by a University of Pittsburgh User on 05/08/2018

jamapsychiatry.com

Risk Calculator to Predict Bipolar Spectrum Disorder in Youth

Original Investigation Research

literature review of prospective studies. J Clin
Psychiatry. 2015;76(5):614-624, 478-624.

parents with bipolar disorder. J Am Acad Child
Adolesc Psychiatry. 2010;49(4):388-396.

13. Hafeman DM, Merranko J, Axelson D, et al.
Toward the definition of a bipolar prodrome:
dimensional predictors of bipolar spectrum
disorders in at-risk youths. Am J Psychiatry. 2016;
173(7):695-704.

22. Axelson D, Birmaher BJ, Brent D, et al.
A preliminary study of the Kiddie Schedule for
Affective Disorders and Schizophrenia for
School-Age Children mania rating scale for children
and adolescents. J Child Adolesc Psychopharmacol.
2003;13(4):463-470.

14. Tripepi G, Heinze G, Jager KJ, Stel VS, Dekker
FW, Zoccali C. Risk prediction models. Nephrol Dial
Transplant. 2013;28(8):1975-1980.
15. Department of Quantitative Health Sciences,
Cleveland Clinic. Cleveland Clinic Risk Calculator
Library. http://rcalc.ccf.org. Accessed October 27,
2016.
16. D’Agostino RB Sr, Vasan RS, Pencina MJ, et al.
General cardiovascular risk profile for use in primary
care: the Framingham Heart Study. Circulation.
2008;117(6):743-753.
17. Bernardini F, Attademo L, Cleary SD, et al. Risk
prediction models in psychiatry: toward a new
frontier for the prevention of mental illnesses. J Clin
Psychiatry. 2016.
18. Cannon TD, Yu C, Addington J, et al.
An individualized risk calculator for research in
prodromal psychosis. Am J Psychiatry. 2016;173
(10):980-988.
19. Carrión RE, Cornblatt BA, Burton CZ, et al.
Personalized prediction of psychosis: external
validation of the NAPLS-2 psychosis risk calculator
with the EDIPPP project. Am J Psychiatry. 2016;173
(10):989-996.
20. Fusar-Poli P, Rutigliano G, Stahl D, et al.
Development and validation of a clinically based
risk calculator for the transdiagnostic prediction of
psychosis. JAMA Psychiatry. 2017;74(5):493-500.
21. Goldstein BI, Shamseddeen W, Axelson DA,
et al. Clinical, demographic, and familial correlates
of bipolar spectrum disorders among offspring of

30. Axelson DA, Birmaher B, Strober MA, et al.
Course of subthreshold bipolar disorder in youth:
diagnostic progression from bipolar disorder not
otherwise specified. J Am Acad Child Adolesc
Psychiatry. 2011;50(10):1001-16.e3.
31. Smoller JW, Finn CT. Family, twin, and adoption
studies of bipolar disorder. Am J Med Genet C Semin
Med Genet. 2003;123C(1):48-58.

23. Kaufman J, Birmaher B, Brent D, et al. Schedule
for Affective Disorders and Schizophrenia for
School-Age Children–Present and Lifetime Version
(K-SADS-PL): initial reliability and validity data. J Am
Acad Child Adolesc Psychiatry. 1997;36(7):980-988.

32. Harrell FE Jr, Lee KL, Mark DB. Multivariable
prognostic models: issues in developing models,
evaluating assumptions and adequacy, and
measuring and reducing errors. Stat Med. 1996;15
(4):361-387.

24. Gerson AC, Gerring JP, Freund L, et al. The
Children’s Affective Lability Scale: a psychometric
evaluation of reliability. Psychiatry Res. 1996;65(3):
189-198.

33. Heagerty PJ, Lumley T, Pepe MS.
Time-dependent ROC curves for censored survival
data and a diagnostic marker. Biometrics. 2000;56
(2):337-344.

25. Birmaher B, Brent DA, Chiappetta L, Bridge J,
Monga S, Baugher M. Psychometric properties of
the Screen for Child Anxiety Related Emotional
Disorders (SCARED): a replication study. J Am Acad
Child Adolesc Psychiatry. 1999;38(10):1230-1236.

34. Birmaher B, Axelson D, Goldstein B, et al.
Psychiatric disorders in preschool offspring of
parents with bipolar disorder: the Pittsburgh
Bipolar Offspring Study (BIOS). Am J Psychiatry.
2010;167(3):321-330.

26. Shaffer D, Gould MS, Brasic J, et al. A Children’s
Global Assessment Scale (CGAS). Arch Gen Psychiatry.
1983;40(11):1228-1231.

35. Wells BJ, Kattan MW, Cooper GS, Jackson L,
Koroukian S. Colorectal Cancer Predicted Risk
Online (CRC-PRO) calculator using data from the
Multi-Ethnic Cohort Study. J Am Board Fam Med.
2014;27(1):42-55.

27. Axelson D, Birmaher B, Strober M, et al.
Phenomenology of children and adolescents with
bipolar spectrum disorders. Arch Gen Psychiatry.
2006;63(10):1139-1148.
28. Hafeman D, Axelson D, Demeter C, et al.
Phenomenology of bipolar disorder not otherwise
specified in youth: a comparison of clinical
characteristics across the spectrum of manic
symptoms. Bipolar Disord. 2013;15(3):240-252.
29. Goldstein TR, Obreja M, Shamseddeen W, et al.
Risk for suicidal ideation among the offspring of
bipolar parents: results from the Bipolar Offspring
Study (BIOS). Arch Suicide Res. 2011;15(3):207-222.

36. Lin PI, McInnis MG, Potash JB, et al. Clinical
correlates and familial aggregation of age at onset
in bipolar disorder. Am J Psychiatry. 2006;163(2):
240-246.
37. Baldessarini RJ, Tondo L, Vazquez GH, et al.
Age at onset versus family history and clinical
outcomes in 1,665 international bipolar-I disorder
patients. World Psychiatry. 2012;11(1):40-46.

Invited Commentary

A Risk Calculator for Bipolar Spectrum Disorder
in Youth at Familial Risk
Esther Mesman, PhD; Manon H. J. Hillegers, MD, PhD

A positive family history for bipolar disorder (BD) is presently the strongest predictor for BD. Over the last 2 decades,
several longitudinal studies among children of patients with
BD (bipolar offspring) identified converging evidence for early
BD manifestations and associated parental and environmental risk factors.1 Risk for BD is elevated in bipolar offspring, but
affected families want to
know an individual risk estiRelated article page 841
mate. Moreover, clinicians
and policy makers want to
know how to identify those youth at ultra high risk because
this information may affect treatment and monitoring strategies. In this issue of JAMA Psychiatry, Hafeman and colleagues2
present a risk calculator for bipolar spectrum disorder (BPSD)
in youth at familial risk for BD. Their work is an important step
forward in the BD research field and potentially for clinical pracjamapsychiatry.com

tice. Risk calculators are novel in psychiatry3 but are wellknown instruments in general medicine (eg, the Framingham Risk Score is a widely used tool to assess risk for
cardiovascular diseases). By entering specific risk variables, risk
calculators may guide clinicians to weigh individual risk for
disease and aid clinical decision making (eg, starting early intervention and frequent monitoring). The study by Hafeman
and colleagues2 is the first to date to investigate the use of a
risk calculator in youth at familial risk for BD.
Hafeman and colleagues2 tested a risk calculator to predict
the 5-year risk of new-onset BPSD. The risk calculator, representing a time-to-event model, included the following externally validated factors4,5: mood or anxiety symptoms, psychosocial functioning, and parental age at mood disorder onset. The Pittsburgh
Bipolar Offspring Study is a longitudinal cohort investigation that
included 412 at-risk offspring between 6 and 17 years old (mean
(Reprinted) JAMA Psychiatry August 2017 Volume 74, Number 8
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