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Objective: The authors sought to describe the emergent
course of bipolar disorder in offspring of affected parents
subgrouped by parental response to lithium prophylaxis.

Methods: Parent bipolar disorder was confirmed by the
best-estimate procedure and lithium response by research
protocol. High-risk offspring (N=279) and control subjects
(N=87) were blindly assessed, annually on average, with the
Kiddie Schedule for Affective Disorders and Schizophrenia—
Present and Lifetime version or the Schedule for Affective
Disorders and Schizophrenia—Lifetime version. DSM-IV di-
agnoses were confirmed using the best-estimate proce-
dure in blind consensus reviews. Cumulative incidence and
median age at onset were determined for lifetime syn-
drome- and symptom-level data. Mixed models assessed
the association between parent and offspring course. A
multistate model was used to estimate the clinical trajec-
tory into bipolar disorder.

Results: The cumulative incidence of bipolar disorder was
24.5%, and the median age at onset was 20.7 years (range,
12.4 to 30.3). The clinical course of the affected parent was

The accurate diagnosis of bipolar disorder in young people
is a challenge, in part because acute symptoms are often
nonspecific and overlap with other disorders, and the illness
course appears to be influenced by both developmental and
clinical stage (1, 2). Delayed recognition and treatment of
bipolar disorder contributes to the associated substantial
burden and increased mortality (3, 4). Evidence from cog-
nitive, imaging, and biological studies supports the obser-
vation that persistent functional deficits and structural and
functional anomalies generally occur after the onset of full-
blown bipolar disorder, in contrast to the developmental
trajectory of schizophrenia, which is characterized by sig-
nificant functional and structural decline prior to the first
psychotic episode (5-7). Collectively, these findings under-
score the importance of improving accurate early detection
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associated with that of the affected child. Depressive epi-
sodes predominated during the early bipolar course, espe-
cially among offspring of lithium responders. Childhood
sleep and anxiety disorders significantly predicted 1.6-fold
and 1.8-fold increases in risk of mood disorder, respec-
tively, and depressive and manic symptoms predicted 2.7-
fold and 2.3-fold increases in risk, respectively. The best-fit
model of emerging bipolar disorder was a progressive se-
quence from nonspecific childhood antecedents to ado-
lescent depression to index manic or hypomanic episode.
Subthreshold sleep symptoms were significantly associated
with transition from well to non-mood disorder, and psy-
chotic symptoms in mood episodes were significantly as-
sociated with transition from unipolar to bipolar disorder.

Conclusions: Bipolar disorder in individuals at familial risk
typically unfolds in a progressive clinical sequence. Child-
hood sleep and anxiety disorders are important predictors,
as are clinically significant mood symptoms and psychotic
symptoms in depressive episodes.
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of emerging bipolar disorder, with the overall aim of pre-
venting illness progression (8, 9).

Bipolar disorder runs in families, as reflected by high
heritability estimates (10, 11). Children of parents with bipolar
disorder are therefore an identifiable high-risk group that can
inform the effort to characterize the emergent illness course.
Since our first publication from the Canadian high-risk off-
spring cohort study in 1998 (12), several longitudinal high-
risk offspring studies have been launched around the world
(13-16). These studies have distinctive differences in meth-
odology, including the approach to recruiting and assessing
parents, contributing to differences in rates of comorbidity in
affected parents and psychiatric illness in the nonproband
parent (for a review, see reference 17). Yet all studies have
observed significantly higher rates of a broad spectrum of
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lifetime psychiatric disorders in high-risk offspring, despite
the specific familial risk for bipolar disorder. Several studies
have highlighted the prominence of depressive disorders in
the early course of illness (13, 16, 18), and findings from both
the Amish and the Pittsburgh studies indicate that inter-
nalizing symptoms, mood lability, and, in the latter case,
proximal hypomanic symptoms may be predictors of bipolar
disorder in children at familial risk (16, 19).

Over the past two decades, we have continued to pro-
spectively study the children of bipolar parents subtyped
by parental response or nonresponse to long-term lithium
treatment (12, 18, 20). Specific parental illness characteristics
and subtypes can be useful in risk prediction and in iden-
tifying a prototypical illness trajectory—a prerequisite for
mapping biomarkers and identifying specific intervention
targets (21, 22). The lithium-responsive phenotype identifies
a more homogeneous bipolar disorder subtype that is con-
sistent with classical manic-depressive illness and is char-
acterized by a highly recurrent course prior to lithium
stabilization, prominence of depressive episodes, classical eu-
phoric manias, good quality of spontaneous remission, low
comorbidity, and specific genetic, neural, and neurophysiologic
associations (6, 23-29). We previously provided a description
of the development of bipolar disorder in high-risk offspring
subtyped by parental response to lithium prophylaxis and
estimated a preliminary model using syndrome-level data (20).

Here, 20 years after our first publication on this topic (12),
we present a comprehensive analysis of the antecedent and
emergent clinical course of bipolar disorder over a longer
period of observation, using a larger number of high-risk
offspring and comparing subgroups based on parental re-
sponse or nonresponse to lithium prophylaxis. This analysis
considers the association between parent and offspring
course as well as both clinically significant symptom-level
data and syndrome-level data. Our objectives were to com-
pare rates of lifetime psychopathology in high-risk offspring
and control subjects and between high-risk offspring sub-
groups; to describe the early course of emergent bipolar
disorder and compare it with the parents’ course; to estimate
the strength of associations between antecedent symptom-
and syndrome-level psychopathology and mood disorder;
and to model the trajectory of emergent bipolar disorder
using symptom- and syndrome-level data.

METHODS

Study Families

The Flourish Canadian high-risk study is a dynamic, open
prospective cohort study that started in 1996 (12, 20). The
study was approved by the Ottawa Independent Research
Ethics Board and the Queen’s University Health Sciences
Research Ethics Board. Families were identified through
mood disorder subspecialty clinical programs in Ottawa and
the Maritimes (12, 24). Bipolar parents were participating
in clinical, genetic, and neurobiological research and were
treated systematically and prospectively within the clinical
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programs. A lifetime diagnosis of bipolar I or II disorder was
based on semistructured research interviews using the Sched-
ule for Affective Disorders and Schizophrenia-Lifetime
version (SADS-L), conducted by a psychiatrist and confirmed
in blind consensus review using all available clinical and
research information by at least two independent research
psychiatrists. We subsequently expanded the sample of study
families, using the same methods to recruit adult siblings of
the original bipolar probands who were themselves affected
with either bipolar disorder or recurrent major depressive
disorder, adding an additional 77 high-risk offspring.

Response to prophylactic lithium treatment in affected
bipolar adults was defined as having no new recurrences over
a minimum observation period of 3 years while on thera-
peutic blood levels of lithium after a highly recurrent pre-
treatment course (24). In affected adults not treated by us,
lithium response or nonresponse was estimated using a
validated scale that weighs completeness of lithium response
against potential confounding factors, such as shorter duration
of treatment, use of additional medications, and adherence
(21). For inclusion in this study, the other biological parent was
confirmed to have no lifetime major psychiatric disorder (i.e.,
schizophrenia, bipolar disorder, or recurrent major depressive
disorder) at the time of recruitment, based on SADS-L in-
terview or family history provided by the proband.

Comparison families were recruited from schools in Ot-
tawa reflecting socioeconomic backgrounds and geographic
area similar to those of the high-risk families. As described
elsewhere (20), families with children in grades 6-12 were
mailed a demographic screening questionnaire by the school.
At least one parent from interested families was assessed
by a research psychiatrist using the SADS-L interview (18,
20). For parents not directly assessed, information from the
screening questionnaire and the interviewed parent was
used to determine eligibility. All clinical diagnoses in parents
were confirmed by blind consensus reviews involving two
research psychiatrists. For inclusion in the study, control
parents were confirmed to have no lifetime major psychi-
atric disorder at the time of recruitment.

Study Offspring

Eligible offspring were from identified high-risk and control
families, were in the age range of 5-25 years at baseline, and
were able to comply with the study protocol (i.e., not suffering
from a serious neurological disorder or intellectual disabil-
ity). All offspring completed research assessments at base-
line and then, on average, annually thereafter. Baseline and
subsequent assessments included a semistructured inter-
view following the SADS-L format or the Kiddie Schedule for
Affective Disorders and Schizophrenia-Present and Lifetime
version (K-SADS-PL), administered by a psychiatrist blind to
study group, along with validated self-report and clinician
measures of dimensional symptoms, global functioning,
and other exposures described below. For offspring who
could not attend a follow-up assessment in person, we used
video call interviews.
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All diagnoses were based on DSM-IV criteria, and clini-
cally significant subthreshold symptoms were based on
operationalized definitions (see the online supplement) us-
ing all available research and clinical information (i.e., prior
consultation and psychoeducational evaluations) and using
the best-estimate procedure in blind consensus reviews that
included at least one additional research psychiatrist and
a clinician with graduate-level training. While this is a nat-
uralistic observational study, in the event of illness onset,
offspring were offered a clinical consultation and recom-
mendations based on published treatment guidelines were sent
to a responsible physician. In these instances, blinding was
broken for a research psychiatrist to complete the consultation;
however, the blind was maintained for consensus reviews.

Measures

At baseline, the Hollingshead socioeconomic scale (30) was
completed for all parents. Childhood abuse was measured in
offspring age 13 and older with the Childhood Experience of
Care and Abuse Questionnaire (31). Global functioning was
assessed by a clinician at each visit, using the Global As-
sessment of Functioning Scale (GAF) (32).

Statistical Analysis

Cumulative incidence was calculated to estimate the expected
proportion of subjects who would meet the criteria for
lifetime diagnoses by the last assessment in the study; esti-
mates were made nonparametrically, accounting for variable
age at first and last observations. Cox proportional hazard
models were used to test for differences in hazard ratios
between groups. Firth’s penalized method and Breslow’s
method for handling ties were used when necessary to
account for low rates of psychopathology among control
subjects. Differences in median age at onset of psychopa-
thology were estimated using accelerated failure time
models. To estimate the hazard of bipolar disorder, given
prior clinical symptoms and other diagnoses, Cox pro-
portional hazard models with time-varying covariates, ad-
justed for sex and sibling correlation, were calculated,
producing hazard ratios and 95% confidence intervals. To
estimate associations between parent clinical course (i.e.,
age at onset, nature of clinical course) and offspring clinical
course, generalized estimating equations and generalized
linear mixed-effects models, adjusted for sex and familial
clustering, were used.

To test our proposed model of emergent bipolar disorder,
three versions of a parametric multistate model were fitted:
an unrestricted model that allows subjects to transition be-
tween any of the “stages” of illness; a forward model that only
allows subjects to transition into higher numbered stages;
and a progressive model that only allows transitions to the
next stage in the sequence. To accommodate observations
that violate the proposed model structures, latent mis-
classification rates were included in all the proposed models
(33). To assess how subthreshold symptoms influenced the
progression in the model, a semiparametric Cox proportional
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hazard-type multistate model was fitted, with time until
transition to the next stage as the outcome. Each transition
was represented by a separate proportional hazard model,
with onset of subthreshold symptoms as predictors in the
models along with sex (see Table S3 in the online supplement).
We maintained the 0.05 alpha level with no adjustments for
multiple comparisons, given the observational nature of the
study and in order to limit the probability of unnecessary type
II errors. All statistical analyses were conducted using SAS,
version 9.4, except for the parametric multistate models,
which were fitted using the msm package in R, version 3.3.2.

RESULTS

Sample Description

This analysis included 116 high-risk and 55 control fam-
ilies contributing a total of 279 high-risk offspring (117
from lithium-responsive parents and 162 from lithium-
nonresponsive parents) and 87 control subjects, reflecting
an additional 50 high-risk offspring since our last report
on this cohort (20). Up until last assessment, 12 high-risk
offspring could not be contacted or dropped out (seven
from lithium-responsive and five from lithium-nonresponsive
parents), representing a loss to follow-up of <5% during the
study period. The median time between study assessments
was 1.58 years. As shown in Table 1, the ages at baseline and
last assessment for high-risk offspring were 16.48 years
(SD=6.26) and 23.61 years (SD=8.14), respectively. The number
of follow-up study years varied, given the open, dynamic
cohort design, and ranged from 1 to 21 years for high-risk
offspring (mean=7.72, SD=5.28), representing up to an ad-
ditional 5 years of observation since our last report (20).

Demographic and illness course data for the parents are
summarized in Table S1 in the online supplement. Parents
with bipolar disorder that responded to lithium prophylaxis
had less lifetime comorbidity compared with those whose
illness was nonresponsive to lithium (p=0.036). Specifically,
lithium-responsive parents had lower rates of substance use
disorders (p=0.022) and marginally lower rates of anxiety
disorders (p=0.074) and lifetime psychotic symptoms in mood
episodes (p=0.017) compared with lithium-nonresponsive
parents. Lithium-responsive parents also had a higher rate
of a completely remitting illness course compared with
lithium-nonresponsive parents (<0.001).

As shown in Table 1, most high-risk offspring and con-
trol subjects came from middle- to upper-middle-class fami-
lies with relatively high rates of family intactness over the
first decade of life (77.8% and 85.1%, respectively [p=0.15])
and comparably low rates of physical or sexual abuse in
childhood (17.4% and 13.6%, respectively [p=0.65]). High-
risk offspring had lower GAF scores at baseline (p<<0.001) and
at the most recent assessment (p<<0.001) compared with
control subjects. Post hoc analysis revealed that the dif-
ference in GAF scores at the last observation was accounted
for by a decline in GAF scores among the high-risk offspring
of lithium-nonresponsive parents.
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TABLE 1. Characteristics of high-risk offspring of a parent with lithium-responsive or lithium-nonresponsive bipolar disorder and

control subjects

High-Risk Offspring High-Risk Offspring

of Lithium of Lithium
High-Risk Offspring  Control Subjects Responders Nonresponders
Measure (N=279) (N=87) p (N=117) (N=162) p
N % N % N % N %
Sex 0.838 0.463
Male 112 40.1 36 41.4 44 37.6 68 42.0
Female 167 59.9 51 58.6 73 62.4 94 58.0
Socioeconomic status? 0.002 0.430
1 1 0.4 0 0.0 1 09 0.0 0.0
2 7 25 3 3.5 2 17 5 31
3 29 10.5 0 0.0 15 13.0 14 8.6
4 99 357 29 33.3 37 32.2 62 38.3
5 141 50.9 55 63.2 60 52.2 81 50.0
Family intact during 0.151 0.660
first decade of life
Yes 77.8 85.1 79.2 76.8
No 22.2 14.9 20.8 232
Childhood adversity (physical 0.653 0.282
or sexual abuse)
Yes 29 17.4 6 13.6 9 145 20 191
No 134 80.2 38 86.4 53 855 81 77.1
Unsure 4 2.4 0 0.0 0 0.0 4 3.8
Mean SD Mean SD Mean SD Mean SD
Age at baseline (years) 16.48 6.26 14.71 2.24 <0.001 16.85 6.48 16.21 6.10 0.404
Age at last follow-up (years) 23.61 8.14 20.22 4.02 <0.001 23.96 8.52 23.36 7.88 0.540
Duration of follow-up (years) 7.72 5.28 6.05 321 <0.001 774 5.44 7.70 518 0.951
Median Range Median  Range Median Range Median Range
Global Assessment of
Functioning Scale
At recruitment 85 35-100 90 50-100 <0.001 85 40-95 85 35-100 0.018
Most recent 85 30-100 90 55-95 <0.001 85 50-100 80 30-95 <0.001

@ Socioeconomic status was assessed with the Hollingshead scale.

Lifetime Psychopathology

Table 2 summarizes the cumulative incidence of hierarchi-
cally defined DSM-IV lifetime psychiatric disorders and
subthreshold symptoms in the high-risk offspring and control
groups. Bipolar and psychotic disorders were observed only
in the high-risk offspring and not in the control group. There
were no differences in the rate of bipolar disorder between
high-risk offspring subgroups; however, psychotic disor-
ders manifested almost exclusively among the offspring
of lithium-nonresponsive parents (20.22% compared with
1.02% [p=0.025]). Depressive disorders were more frequent
than bipolar disorder across study groups. Major depres-
sive disorder and sleep disorders were almost exclusively
observed in the high-risk offspring (32.93% and 4.88%
[p=0.003], and 23.19% and 0% [p=0.013], respectively, in
the high-risk and control groups). There were no significant
differences in the cumulative incidence of lifetime anxiety
disorders, attention deficit hyperactivity disorder (ADHD),
learning disorders, adjustment disorders, and substance use
disorders between high-risk offspring and control subjects
by last observation. Anxiety and adjustment disorders were
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higher among the offspring of lithium-nonresponsive than
lithium-responsive parents, estimated at 45.37% and 27.82%
(p=0.035), respectively, and 60.12% and 28.34% (p=0.099),
respectively. As shown in Figure S1A and S1B in the online
supplement, anxiety and substance use disorders tended to
manifest earlier in high-risk offspring, but with longer obser-
vation time the risk increased to comparable levels among
control subjects. The cumulative incidences of subthreshold
depressive and hypomanic symptoms by age at last obser-
vation were higher among high-risk offspring compared with
control subjects, estimated at 16.18% and 1.49% (p=0.024),
respectively, and 22.01% and 1.69% (p=0.017), respectively.
The cumulative incidence of subthreshold symptoms was
comparable between the high-risk offspring subgroups
(Table 2).

Table 3 compares the median age at onset of hierarchical
mood and non-mood diagnoses and subthreshold symptoms
between study groups. Onset of bipolar disorder tended to be
in late adolescence or early adulthood (median=20.73 years;
range=12.37-30.25). There was no instance in which the
diagnostic criteria for bipolar disorder were met in a child
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TABLE 2. Cumulative incidence of lifetime hierarchical diagnoses and subthreshold symptoms in control subjects and high-risk
offspring of a parent with lithium-responsive or lithium-nonresponsive bipolar disorder®

High-Risk High-Risk
Offspring Offspring
High-Risk Control of Lithium of Lithium
Offspring Subjects Responders Nonresponders
Cumulative Cumulative Cumulative Cumulative
Incidence Incidence Hazard Incidence Incidence Hazard
Diagnosis or Symptom N (%) N (%) Ratio p N (%) N (%) Ratio o]
Bipolar disorder spectrum 37 2450 0 0.00 15.79° 0.058° 17  26.07 20 2312 110 0.785
Bipolar | disorder 1 8.45 0 0.00 484 0304° 5 8.56 6 8.59 108 0.897
Bipolar Il disorder 13 8.63 0 0.00 610° 0232° 8 12.13 5 5.45 2.09 0.262
Bipolar disorder NOS 12 9.37 0 0.00 470° 0317° 4 7.99 8 10.42 0.63 0.454
Cyclothymia 1 0.41 0 0.00 1.03° 0.989° 0 0.00 1 0.69 0.45° 0.729°
Depressive disorders 133 72.01 29 57.34 131 0221 50 56.30 83 78.46 075 0.127
Major depressive disorder 60 3293 2 4.88 839 0.003 27 34.18 33 3244 108 0771
Depressive disorder NOS or 19 10.81 3 6.09 139 0.589 5 6.75 14 13.63 0.48 0.159
mood disorder NOS
Dysthymia 2 1.06 0 0.00 112 0.954° 1 1.56 1 0.67 1.39*  0.816°
Adjustment disorder with 77 48.07 25 49.87 084 0503 26 28.34 51 60.12 0.67 0.099
internalizing symptoms
Anxiety disorder 81 37.32 17 36.29 151 0.116 26 27.82 55 45.37 0.57 0.035
Sleep disorder 55 23.19 0 0.00 35350 0.013° 22 23.58 33 22.60 0.94 0.840
Behavioral disorder 9 3.45 0 0.00 6.53° 0.220° 4 3.69 5 3.25 121 0773
ADHD, learning disorders 34 12.31 5 5.75 228 0077 12 10.31 22 13.76 0.78 0.451
Substance use disorder 59 28.45 10 26.51 185 0100 21 23.97 38 31.69 0.70 0.226
Psychotic spectrum disorder 14 1111 0 0.00 510° 0.288° 1 1.02 13 20.22 0.09 0.025
Subthreshold symptoms
Depression 33 16.18 1 149 977 0.024 13 16.58 20 1573 0.874 0.699
Hypomania 40 22.01 1 1.69 1115 0.017 16 22.54 24 21.22 0.866 0.652
Anxiety 45 19.33 13 23.13 108 0802 17 17.73 28 20.62 0.789 0.439
Sleep 9 377 1 143 2.87 0311 2 2.27 7 481 0.391 0.212
Psychosis 26 15.16 0 0.00 12.92° 0.080° 10 14.74 16 14.86 0.811 0.574
Substance use 46 24.18 12 26.94 1.09 0809 16 20.82 30 26.58 0.688 0.296

@ Estimated cumulative incidence is for the age at the last observation, accounting for variable age at entry and at last observation. ADHD=attention deficit

hyperactivity disorder; NOS=not otherwise specified.
® Firth's method was used, with Breslow's method for handling ties.

before age 12 (as defined by age at first meeting full DSM
criteria). Depressive disorders and major depressive disor-
ders occurred at a significantly lower median age in high-risk
offspring compared with control subjects (15.80 years and
18.45 years [p=0.037], respectively, and 17.54 years and 20.33
years [p<<0.001], respectively). There were no differences
in median age at onset of mood disorders between high-
risk offspring subgroups. The median age at onset of non-
mood psychopathology tended to be lower in high-risk
offspring compared with control subjects; median age at
onset of substance use disorders was lower in the offspring
of lithium nonresponders compared with the offspring of
lithium responders, although the difference fell short of
statistical significance (16.15 and 16.85 years, respectively
[p=0.059]). The median age at onset of subthreshold mood
symptoms in high-risk offspring tended to be lower than in
control subjects. There were no differences in age at onset of
these symptoms between high-risk subgroups.

Early Course of Bipolar Disorder
In high-risk offspring who met DSM-IV criteria for a bipo-

lar spectrum disorder (bipolar I and II disorders, bipolar

724 ajp.psychiatryonline.org

disorder not otherwise specified, and schizoaffective bipolar
disorder) by last observation, we had sufficient data to ex-
amine the polarity of the first five mood episodes. More than
85% of index mood episodes were depressive, and the de-
pressive polarity remained prominent over the first five bi-
polar mood episodes (see Table S2 in the online supplement).
A generalized linear mixed-effects model (see Figure S2A in
the online supplement) provided evidence that polarity of the
first five mood episodes of bipolar disorder was associated
with high-risk subgroup (p=0.04). Specifically, offspring of
lithium-nonresponsive parents had lower odds of the mood
episode being depressive over subsequent episodes (p=0.030),
but this was not true for offspring of lithium-responsive
parents (p=0.41). The risk of psychotic features in mood epi-
sodes was higher among offspring of lithium-nonresponsive
than among offspring of lithium-responsive parents (see
Figure S2B in the online supplement). Furthermore, there
was strong evidence that the clinical course of bipolar dis-
order differed between the high-risk subgroups. That is, the
offspring of lithium-responsive parents were more likely to
have a fully remitting clinical course, whereas the offspring of
lithium-nonresponsive parents were more likely to have a
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TABLE 3. Median age (years) at onset of mood and non-mood disorders and clinically assessed subthreshold symptomsin control subjects
and offspring of a parent with lithium-responsive or lithium-nonresponsive bipolar disorder

High-Risk Offspring High-Risk Offspring

High-Risk Control of Lithium of Lithium
Offspring Subjects Responders Nonresponders
Disorder or Symptoms® Median Range  Median Range p Median Range Median Range p
Bipolar disorder spectrum 20.7 12.4-30.3 21.0 14.0, 295 20.7 12.4,30.2 0.882°
Bipolar | disorder 20.7 16.0-30.2 212 17.2,29.5 195 16.0,30.2 0.963°
Bipolar Il disorder 201 14.0-284 171 14.0,284 209 16.5,24.9 0.196°
Bipolar disorder NOS 210 124-29.0 243 17.5,29.0 20.9 12.4,28.4 0.380°
Cyclothymia 13.0 13.0-13.0 13.0 13.0,13.0
Depressive disorders 15.8 4.0-38.7 185 6.4, 23.2 0.036° 163 4.0,29.5 157 40,387 0.199°
Major depressive disorder 17.5 71-317 202 202,203 <0.001° 16.9 71,295 17.6 11.6,31.8 0.160°
Depressive or mood 198 10.1-288 185 168,213 0.318¢ 18.2 10.1, 28.8 20.8 13.2,25.3 0.825°
disorder NOS
Dysthymia 178 12.0-235 235 235,235 12.0 12.0,12.0 0.942°
Adjustment disorder with 14.0 4.0-38.7 182 6.4, 23.2 0.122¢ 131 4.0, 28.6 14.0 40,387 0.118°
internalizing symptoms
Non-mood disorders
Anxiety disorder 10.0 2.0-317 14.2 13,253 0.171¢ 9.2 2.0, 30.6 10.0 40,317 0.460°
Sleep disorder 9.4 1.0-28.7 9.6 15,287 9.2 1.0,253 0.871¢
Behavioral disorder 9.4 2.0-13.8 10.0 2.0,13.8 9.4 3.0,13.0 0.873°
Substance use disorder 167 10.0-25.0 19.7 14.0,253 0.002° 162 137,250 16.9  10.0,24.3 0.059¢
Psychotic spectrum disorder  23.9 8.6-317 149 14.8,14.8 24.1 8.6,317 0.033¢
Subthreshold symptoms
Depression 15.0 3.0-27.0 170 170,170 0.019° 16.0 9.9, 270 13.6 3.0,26.1 0.449°
Hypomania 16.6 6.0-30.7 18.0 18.0,18.0 <0.001¢ 17.7 13.1, 30.7 16.2 6.0,281 0.126°
Anxiety 10.1 42-297 169 127,213 0.642° 11.2 42,287 9.8 5.5,29.7 0.937°
Sleep 121 4.0-220 164 164,164 0.368° 158 9.6, 22.0 121 40,166 0.204°
Psychosis 19.6 7.6-30.7 20.5 7.6, 30.7 189 10.4,25.9 0.647°
Substance use 180 135-29.3 188 14.0,248 0.763° 18.0 14.0, 29.3 17.9 135,257 0.214°

2 NOS=not otherwise specified.

b Log-normal error distribution used based on the Akaike information criterion (AIC).

€ Generalized gamma error distribution used, based on the AIC.
d Log-logistic error distribution used, based on the AIC.

remitting course with residual symptoms or a chronic,
fluctuating course (p<<0.001).

There was evidence that earlier age at onset in the bipolar
parent was associated with earlier age at mood disorder
onset in the offspring (p=0.014). Specifically, for every 1-year
decrease in the parents’ age at onset, there was a 0.12-year
decrement in mean age at onset in the offspring. Further-
more, there was evidence that clinical course of the parent
was associated with clinical course of the offspring
(p<<0.001). It was estimated that parents with a fully re-
mitting bipolar disorder were more likely to have children
with a fully remitting mood disorder compared with parental
bipolar disorder with residual symptoms (p=0.009) or a
chronic, fluctuating course (p=0.019). However, the presence
of lifetime psychotic features in parents was not statistically
associated with the presence of psychotic features in the
offspring (p=0.65).

Estimating the Risk of Mood Disorder With Antecedent
Psychopathology

The adjusted hazard of developing a mood disorder was
greater among high-risk offspring with an anxiety (hazard
ratio=1.84, p=0.002) or sleep disorder (hazard ratio=1.63,
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p=0.044) compared with those without (Table 4). In addi-
tion, antecedent subthreshold depressive and hypomanic
symptoms increased the hazard of mood disorder by 2.67
(p<0.001) and 2.34 (p=0.045) times, respectively. While
subthreshold depressive symptoms were significantly asso-
ciated with the hazard of any mood disorder among both
high-risk males and females, the magnitude of risk was much
higher for males (hazard ratio=4.76, p<<0.001) compared with
females (hazard ratio=1.99, p=0.020). Furthermore, the
hazard of any mood disorder was increased by 4.52 times for
males (p=0.019) with prior subthreshold activation, which
was not statistically significant in females.

Estimating the Risk of Mood Disorder Based on Parental
Illness Variables

In a Cox proportional hazard model adjusting for familial
clustering and sex, there was no evidence that parent age at
onset (p=0.35), parent clinical course (p=0.51), or parent lifetime
psychotic features (p=0.52) increased the hazard of bipolar
disorder in high-risk offspring. However, there was marginal
evidence (p=0.053) that younger parent age at onset increased
the hazard of mood disorders, including bipolar disorder, in
high-risk offspring (hazard ratio=1.02, 95% CI=1.00, 1.04).
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TABLE 4. Adjusted hazard of mood disorder in high-risk offspring with and without antecedent psychopathology®

All High-Risk Offspring Males Females Sex
Hazard Hazard Hazard Interaction
Antecedent Disorder Ratio 95% ClI p Ratio 95% Cl p Ratio 95% ClI p p
Anxiety disorder 184 124,274 0.002 122 0.54,2.79 0.631 2.16 1.40,3.32 <0.001 0.218
Subthreshold anxiety 0.91 0.50, 1.65 0.749 0.65 0.15,2.74 0.556 0.98 0.51,1.88 0.957 0.600
Sleep disorder 163 1.01, 2.62 0.044 1.67 0.77, 3.60 0.191 161 0.88,2.94 0.124 0.938
Subthreshold sleep symptomsb 0.84 0.24,297 0.789 0.34 0.02,5.70 0.453 163 0.46,5.80 0.453 0.322
Subthreshold depression 267 177,402 <0.001 476 241,940 <0.001 199 1.11, 3.52 0.020 0.085
Subthreshold activation 2.33 1.02,5.31 0.045 4.52 1.28,15.97 0.019 155 0.60, 4.03 0.366 0.169
@ The Firth correction was used for adjustment.
® No males with subthreshold sleep symptoms were diagnosed with any diagnosable mood disorder.
FIGURE 1. Trajectory of emerging bipolar disorder in high-risk offspring®
Well Non-Mood Minor Mood Major Depressive Bipolar
Disorder Disorder Disorder Disorder
Familial Risk Anxiety and Adjustment and Single or Recurrent Spectrum
Sleep Disorder Minor Mood Disorder
Sleep problems =~ ——————»
Depressive and activated symptoms ———»
Bipolar
illness Psychotic symptoms ———p»
trajectory
Bipolar |
" Minor f
Adjustment Major
ey D'i\:g:::ider Depression bSchizo-
Bipolar Il affective
Bipolar
Bipolar NOS
( Childhood Adolescence Early adulthood )

@ ADHD=attention deficit hyperactivity disorder; LD=learning disorder; NOS=not otherwise specified.

b Offspring of lithium nonresponders only.

Model of Clinical Trajectory of Emergent Bipolar
Disorder in High-Risk Offspring

We defined each illness transition or “stage” as follows: stage
0, well but at familial risk; stage 1, non-mood disorders, in-
cluding sleep disorders, anxiety disorders, ADHD, and be-
havioral disorders; stage 2, minor mood disorders, including
adjustment disorders, depression not otherwise specified,
mood disorder not otherwise specified, dysthymia, and cy-
clothymia; stage 3, major depressive disorder, single or re-
current; and stage 4, bipolar disorder, including bipolar
disorder I and II disorders, bipolar disorder not otherwise
specified, and schizoaffective bipolar disorder (Figure 1). In
this analysis, the progressive model (Akaike information
criterion [AIC]=2726.82) was selected over the unrestricted
model (AIC=2759.21) or the forward model (AIC=2738.96).
There was evidence (see Table S3 in the online supple-
ment) that subthreshold sleep symptoms were associated
with an increased risk of transitioning from well to non-mood
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disorder (p=0.036) after adjusting for other subthreshold
symptoms, and that high-risk females had a higher risk of
progressing from non-mood disorder to minor mood dis-
order (p=0.004) and from minor mood disorder to major
depressive disorder (p=0.005) compared with high-risk
males (see Table S3). Finally, psychotic features in mood
episodes were associated with an increased risk of tran-
sitioning from major depression (stage 3) to bipolar disorder
(stage 4) in the model (p=0.010).

DISCUSSION

We report new and expanded observations about the de-
velopmental trajectory and early course of bipolar disorder in
high-risk offspring, including a novel comprehensive mul-
tivariate analysis considering both symptom- and syndrome-
level psychopathology. Offspring were subgrouped by parental
response or nonresponse to lithium prophylaxis, allowing
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comparisons between offspring from parents with different
bipolar subtypes. This latter point is important because bi-
polar disorder is highly heterogeneous and includes a number
of different illness subtypes, likely each with a distinct etiol-
ogy and emergent clinical course (25, 28, 29, 34).

Lifetime Psychopathology

Bipolar disorder manifests in high-risk offspring and not in
control subjects even with longer follow-up. At last observa-
tion, the cumulative incidence of bipolar disorder approached
25%, representing a small increase from our last report on this
cohort, estimated at 22% (20). Consistent with reports from
a number of prospective offspring studies, age at onset of
bipolar disorder was concentrated in late adolescence and
emerging adulthood and ranged from ages 12 to 30 (13, 15-17,
35). We have not observed a single case of full-blown mania
or hypomania in our offspring cohort younger than age 12,
despite having a parent with a stable (assessed up to 40 years)
bipolar diagnosis, and often deriving from large, multigen-
erational families with high illness penetrance. Similar
findings have been reported by other independent high-risk
offspring studies (13, 15, 16, 35), but not all (36). As reviewed
in detail elsewhere, reported manic/mixed and hypomanic
episodes in young children may reflect differences in the
families under study, methods of offspring assessment, and
the clinical interpretation of broad-spectrum irritability or
manic-like symptoms, often in the context of ADHD (1, 17, 37).

Also, consistent with previous observations, we found
depressive disorders to be much more common than bipolar
disorder in high-risk offspring, with an overall cumulative
incidence of around 70%, representing an increase from our
last report of 61% (20). While the total cumulative incidence
of depressive and adjustment disorders did not differ be-
tween the high-risk offspring and control groups, major
depressive disorder (at least to this point in development)
manifests almost exclusively in the high-risk offspring and not
in the control group. Moreover, age at onset for all depressive
disorders was earlier in high-risk offspring compared with
control subjects, especially for major depressive disorder, with
a median onset in mid to late adolescence. It is likely that with
longer observation, the cumulative incidence of major de-
pressive disorder will increase in the control group.

The cumulative incidence of both anxiety and substance
use disorders in control subjects significantly increased since
our last report, and at last observation it was comparable to that
observed in the high-risk offspring. The cumulative incidence
of childhood sleep disorders remained significantly elevated in
high-risk offspring compared with control subjects. The me-
dian ages at onset of non-mood disorders tended to be earlier in
high-risk offspring compared with control subjects, but only
substance use disorders maintained significance after ad-
justments (16.7 and 19.7 years, respectively). We continue to
observe relatively low and comparable rates of ADHD and
behavioral disorders in both the high-risk offspring and
control groups. This observation is in line with some high-risk
studies (13, 16) but differs from others (14). As discussed
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elsewhere (17), this finding in part reflects methodological
differences among studies in recruitment and assessment,
nonspecific psychosocial factors (intactness and socioeco-
nomic status of families), comorbidity in the bipolar parent,
and prevalence and nature of psychiatric illness in the other
biological parent.

There were few differences between the high-risk off-
spring subgroups in cumulative risk and age at onset of
lifetime disorders. However, among the offspring of lithium-
nonresponsive parents, there was a marginally higher in-
cidence of adjustment disorders, perhaps signifying more
vulnerability under stress, as well as a significantly higher
incidence of lifetime anxiety and psychotic disorders. This
is consistent with findings from genetic and neurobiological
studies showing differences between lithium-responsive and
lithium-nonresponsive bipolar subtypes (38, 39). A recent
genome-wide association study found an inverse relationship
between genetic loading for psychotic illness risk variants
and lithium response in adult patients with bipolar disorder
(40). Over this longer observation time, a decline in global
functioning among the offspring of lithium nonresponders
was observed, while the well or remitted offspring of lithium
responders maintained a stable and high level of global
functioning.

Early Course of Bipolar Disorder

Across both high-risk offspring subgroups, bipolar disorder
almost always debuted with a depressive mood episode.
Furthermore, depressive episodes dominated the early bi-
polar course in both high-risk subgroups. This prominence of
depressive episodes early in the course of bipolar disorder has
also been reported in the Dutch longitudinal high-risk study
(13). In comparisons between the high-risk subgroups, the
bipolar offspring of lithium responders were more likely
than those of lithium nonresponders to have depressive
episodes over the early course, an episodic and completely
remitting illness course, and a lower risk of psychotic
symptoms in mood episodes. Furthermore, there was a
significant association between the nature of the parent’s
course of bipolar illness and that of the affected offspring.
This further supports the supposition that this subtype
breeds true from parent to child.

Antecedent Syndromes and Symptoms

We found evidence that childhood anxiety disorder predicted
an almost twofold increase in risk of subsequent mood dis-
order, consistent with our previous report (41). Similarly,
there was evidence that childhood sleep disorder predicted
over a 1.6-fold increase in risk of subsequent mood disorders.
Furthermore, we showed that clinically assessed subthreshold
depressive and manic symptoms predicted over 2.7-fold and
2.3-fold increases, respectively, in risk of mood disorder in
high-risk offspring. These findings are in line with a recent
report from the Pittsburg group showing the predictive
importance of self-reported or parent-reported mood and
anxiety symptoms in high-risk children (19) and with similar
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findings from the Amish high-risk cohort (16). The impli-
cation is that clinically significant anxiety, mood, and sleep
symptoms in children at confirmed familial risk for bipolar
disorder identify an ultra-high-risk group that likely warrants
closer surveillance and support. These clinical manifestations
appear to be important early intervention targets worthy of
systematic study. Consistent with findings from a Swiss off-
spring study (15), we found evidence that earlier age at onset
of parental bipolar disorder was associated with an increased
risk of mood disorder in their offspring.

Model of the Developmental Trajectory of Bipolar
Disorder in High-Risk Offspring

Findings from this analysis expand on earlier findings from
this cohort (20) and from a Dutch high-risk offspring study
(13) showing that bipolar disorder typically debuts with single
or recurrent major depressive disorder in adolescents at fa-
milial risk. Furthermore, evidence supports predictive sig-
nificance of childhood sleep and anxiety disorders as well as
antecedent clinically significant mood symptoms of both po-
larities for subsequent mood disorder in high-risk children (20,
41). Our novel multistate model estimating the trajectory of
emerging bipolar disorder is consistent with a progressive se-
quence from nonspecific childhood disorders to minor mood
disorders and then major depressive disorder and finally full-
blown bipolar disorder in emerging adulthood. While indi-
viduals may not manifest all illness stages in the trajectory,
when they join the model they tend to transition from that
point forward in sequence. We found evidence that sleep
symptoms increase the likelihood of transition from well to
childhood non-mood disorders, and psychotic features in
depressive episodes increased the likelihood of transition to
full-blown bipolar disorder, consistent with previous obser-
vations in clinical samples (42). However, we also found evi-
dence of significant heterogeneity in the emergent course of
bipolar disorder, as indicated by the variation in age at onset of
psychopathology at both the symptom and syndrome levels
and in the hazard ratios and confidence intervals within and
between high-risk subgroups. Furthermore, the clinical course
appears to breed true from bipolar parent to affected child,
with the classical lithium-responsive illness characterized by
an episodic, recurrent course with good quality of remission,
a prominence of depressive episodes early in the course, and
stable rather than declining global functioning.

Limitations

Our study has several limitations. First, it was specifically
designed to describe the developmental trajectory of bipolar
disorder in two distinct high-risk offspring subgroups that
would inform future studies of associated biomarkers and
genetically sensitive pathways to illness onset. We therefore
limited inclusion to families with only one affected parent
with well-characterized bipolar disorder to minimize the
confounding effects of assortative mating. Consequently,
our findings may not generalize to heterogeneous clinical,
help-seeking, or general-population samples. Second, given
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our dynamic design, some episodes occurred prior to baseline
and were identified retrospectively. However, these episodes
were confirmed using a best-estimate diagnostic approach,
verified with prospectively captured clinical reports, limiting
recall bias. Although the GAF is a complex measure that limits
the assessment of the contribution of specific domains (i.e.,
clinical and psychosocial), we used it as a global measure of
stability of functioning repeatedly over time. Finally, while
this is a naturalistic study, treatment could have influenced
outcomes. However, we estimated, on the basis of systematic
documentation at study visits, that medication likely had
a minimal impact on the natural early course of bipolar
disorder (analyzed over the first five diagnosable mood ep-
isodes). That is, mood stabilizers, continued after the
remission of the first acute mood episode, were used in around
10% of participants, and after the remission of the second
and third episodes, in an estimated 30% of participants.

Implications

This study has several implications. First, the study findings
are in accordance with those from other independent high-
risk offspring studies, and they underscore the importance
of taking into account both the family history and the de-
velopmental trajectory of emerging psychopathology to im-
prove earlier diagnostic precision in young people manifesting
clinically significant symptoms and syndromes. Second, the
findings emphasize the importance of antecedent anxiety
and sleep disorders as well as major depression (especially
with psychotic symptoms) in the emergent course of bipolar
disorder in young people at confirmed familial risk—which
can complicate early recognition and contribute to para-
doxical or seemingly refractory response to antidepressant
treatment. Third, early clinical intervention and prevention
efforts should emphasize low-risk interventions addressing
mood symptoms, anxiety and sleep disorders, and prevention
of substance misuse. Finally, to improve our understanding
of the risk processes contributing to the onset of bipolar
disorder and to map biomarkers to the emergent course,
there is a need to prospectively study individuals at confirmed
high risk, starting from well-characterized parents who have
stable and valid diagnoses, and to take into account the
significant heterogeneity of bipolar disorder as it is cur-
rently defined—that is, to study more homogeneous sub-
groups. This study supports consistency in phenotype across
generations, implicating shared underlying etiology and treat-
ment response.
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