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Abstract

Background. Identifying clinical features that predict conversion to bipolar disorder (BD) in
those at high familial risk (HR) would assist in identifying a more focused population for early
intervention.
Method. In total 287 participants aged 12–30 (163 HR with a first-degree relative with BD and
124 controls (CONs)) were followed annually for a median of 5 years. We used the baseline
presence of DSM-IV depressive, anxiety, behavioural and substance use disorders, as well as a
constellation of specific depressive symptoms (as identified by the Probabilistic Approach to
Bipolar Depression) to predict the subsequent development of hypo/manic episodes.
Results. At baseline, HR participants were significantly more likely to report ⩾4 Probabilistic
features (40.4%) when depressed than CONs (6.7%; p < .05). Nineteen HR subjects later devel-
oped either threshold (n = 8; 4.9%) or subthreshold (n = 11; 6.7%) hypo/mania. The presence
of ⩾4 Probabilistic features was associated with a seven-fold increase in the risk of ‘conversion’
to threshold BD (hazard ratio = 6.9, p < .05) above and beyond the fourteen-fold increase in
risk related to major depressive episodes (MDEs) per se (hazard ratio = 13.9, p < .05).
Individual depressive features predicting conversion were psychomotor retardation and ⩾5
MDEs. Behavioural disorders only predicted conversion to subthreshold BD (hazard ratio
= 5.23, p < .01), while anxiety and substance disorders did not predict either threshold or sub-
threshold hypo/mania.
Conclusions. This study suggests that specific depressive characteristics substantially increase
the risk of young people at familial risk of BD going on to develop future hypo/manic episodes
and may identify a more targeted HR population for the development of early intervention
programs.

Introduction

Identifying clinical features that predict later ‘conversion’ to bipolar disorder (BD) in young
people at high familial risk would assist in identifying a more focused population for early
intervention. A relatively small number of prospective studies have been undertaken either
in subjects initially presenting with major depressive disorder (MDD) – irrespective of family
history – or in those with a family history of BD. Reported predictors of the development of
BD in those initially presenting with unipolar depression (irrespective of family history)
include: family history of BD (Strober, 1982; Akiskal et al. 1983; Coryell et al. 1995; Angst
et al. 2005; Wong et al. 2009; Tondo et al. 2014; Bukh et al. 2016); early age at depressive
onset (Angst et al. 2005; Fiedorowicz et al. 2011; Dudek et al. 2013; Tondo et al. 2014); greater
number of depressive episodes (Angst et al. 2005; Dudek et al. 2013); psychotic features
(Strober, 1982; Akiskal et al. 1983; Goldberg et al. 2001); psychomotor retardation (Strober,
1982; Akiskal et al. 1983); guilt, suicidal thoughts and diurnal mood variation (Pfennig
et al. 2015); and substance abuse (Bukh et al. 2016). Predictors of conversion to BD in
those with a family history of this condition include: depressive episodes (Mesman et al.
2013; Duffy et al. 2014; Axelson et al. 2015; Hafeman et al. 2016); anxiety disorders
(Nurnberger et al. 2011; Duffy et al. 2014;); behavioural disorders (Nurnberger et al. 2011);
and dimensional measures of anxiety/depression, affective lability, and mania (for bipolar
spectrum disorder) (Hafeman et al. 2016). Recently, the Pittsburgh group (Hafeman et al.
2017) have also reported on a ‘personal-level risk calculator’ for prediction of new-onset bipo-
lar spectrum disorder (with the majority of subjects having BD-NOS) , finding that univariate
predictors of outcome were dimensional measures of mania, depression, anxiety, and mood
lability.
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Related to this frequently reported an association between
depressive episodes and the later onset of BD, a growing literature
has challenged the traditional view that there are no meaningful
differences in the depressive symptoms experienced by those
with BD and MDD (Grande et al. 2016). In 2008, a taskforce of
the International Society for BDs identified clinical features that
are more likely to be experienced by depressed adult patients
with established BD than those with MDD (Mitchell et al.
2008; Phillips & Kupfer, 2013). The features identified by that
‘Probabilistic Approach to Bipolar Depression’ include specific
symptoms (hypersomnia, increased weight and/or appetite, psy-
chomotor retardation, psychotic features and/or pathological
guilt, other atypical features such as leaden paralysis, and mixed
features), longitudinal characteristics (onset before age 25 and at
least five lifetime depressive episodes) and a positive family his-
tory of BD. Our group has since reported from validation studies
that an empirically-derived cut-off of ⩾4 ‘Probabilistic features’
most optimally differentiates bipolar depression from MDD,
with the most robust specific distinguishing features being psy-
chomotor retardation, psychotic features, and mixed features
(Mitchell et al. 2011; Frankland et al. 2015). Similar findings
have been reported from large UK, Chinese and US cross-
sectional datasets (Forty et al. 2008; Xiang et al. 2013;
Leonpacher et al. 2015), although the predictive capacity of the
Probabilistic Approach has yet to be demonstrated in a prospect-
ive study.

We are not aware of any prospective studies of BD outcomes in
MDD subjects with a family history of BD, which have examined
the predictive capacity of specific depressive features, above and
beyond the effect of MDEs per se. We report here on the predict-
ive capacity of both MDEs and specific depressive symptoms in a
prospective evaluation of young subjects at high familial risk for
BD. We hypothesized that: (i) those at high-risk (HR) would be
more likely to report ⩾4 Probabilistic features (as based on our
previous research (Mitchell et al. 2011; Frankland et al. 2015))
when depressed at baseline than the control (CON) group;
(ii) subjects with a baseline lifetime history of MDEs would
be more likely to convert to BD; and (iii) the presence of
⩾4 Probabilistic features in subjects with a lifetime history of
MDEs at baseline would be associated with an increased likeli-
hood of conversion to BD. Furthermore, we investigated the rela-
tive predictive capacities of lifetime MDEs, anxiety, behavioural
and substance use disorders.

Method

Participants

All participants were enrolled in the Sydney-based ‘Bipolar Kids
and Sibs Study’, a prospective study investigating the development
of BD in an HR sample. Participants aged between 12 and 30
years were recruited into one of two groups: (1) ‘HR’ participants
with a first-degree relative with a confirmed diagnosis of either
bipolar I (BD-I) or bipolar II (BD-II) disorder; and (2) a ‘CON’
group consisting of individuals with no first-degree relative with
BD, recurrent MDD, substance abuse, or any psychiatric hospital-
isation. Subjects were not eligible for inclusion in the HR group at
baseline if they had already experienced a threshold syndromal
hypo/manic episode. (Note that subjects were not excluded on
the basis of subthreshold hypomanic episodes at baseline). At
the time of analysis, 287 participants (n = 163 HR, n = 124
CON) had completed a baseline assessment. The 163 HR

participants were drawn from 109 families, in which the proband
was either a parent (n = 85) or a sibling (n = 24). The study was
conducted with the approval of the University of NSW Human
Research Ethics Committee (HREC Approval Number: 14128)
in Sydney, Australia. Participants were recruited through prior
BD studies, and advertisements in print and electronic media.
All participants (and parents of participants aged under 16) pro-
vided written informed consent. Further clinical details on the HR
and CON groups are available from Perich et al. (Perich et al.
2015).

Clinical assessments

All families were administered the Family Interview for Genetic
Studies (FIGS) to determine eligibility based on family history
of psychiatric disorders (Maxwell, 1992). The diagnosis of BD
in the probands (parents or siblings) was confirmed by the
Diagnostic Interview for Genetic Studies (DIGS) Version 4.0
(Nurnberger et al. 1994), and medical records where available.
At baseline, all eligible HR and CON participants were assessed
for current and lifetime psychiatric symptoms. For participants
aged 12 to 21 years (n = 106 HR, n = 60 CON), the child and a
parent were interviewed using the Washington University in St
Louis KSADS-BP (WASH-U K-SADS) with summary ratings
based on both informants (Geller et al. 2001). For participants
aged between 22 and 30 years (n = 57 HR, n = 64 CON), the
DIGS was administered. All interviews were conducted by
specifically-trained research assistants who held at least an hon-
ours degree in psychology. Yearly follow-up assessments were car-
ried out using either the DIGS or KSADS depending on age, with
a median length of follow-up of 5 years.

Diagnosis

Current and lifetime diagnoses for a range of DSM-IV disorders
were made using the Best Estimate Diagnosis (BED) method-
ology, with two psychiatrists conducting blind independent
reviews (Leckman et al. 1982). Diagnoses were assigned a confi-
dence rating from one to four; only those that met full DSM-IV
criteria were rated at three or higher. Discrepancies were reviewed
by the senior psychiatrist (PBM) to reach a consensus diagnosis.
Inter-rater reliability for primary diagnosis was high (κ > 0.8). The
BED process was also carried out following each annual follow-up
assessment. Participants with a BED diagnosis of DSM-IV BD
were categorised as either threshold converters (i.e. with BD-I or
BD-II; confidence level of three or four) or subthreshold converters
(i.e. with BD-NOS; confidence level of one or two), the latter diag-
nosis being made when subjects met full symptom criteria for
hypomania, but did not meet the minimum duration criterion
of 4 days.

Probabilistic features

We calculated the number of Probabilistic features endorsed by
each participant during the most severe lifetime baseline MDE.
‘Leaden paralysis’ was not included in the DIGS, and the
KSADS did not specifically ask about psychotic symptoms occur-
ring during an MDE. Family history was not included as both the
CON and HR groups were defined on this basis. We used the pre-
viously identified optimal cut-off of ⩾4 features to identify cases
satisfying the Probabilistic criteria (Mitchell et al. 2011;
Frankland et al. 2015).
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Statistical analyses

As bivariate comparisons showed no marked variation in clinical
data between the DIGS and KSADS sample after accounting for
age differences, the two samples were combined into a single
group for analysis. Generalised estimating equations (GEE) logis-
tic regression models were used, which accommodate the
inclusion of multiple siblings from within families. Age- and sex-
adjusted odds ratios and 95% confidence intervals in comparisons
with the HR group are reported. Among participants with at least
one lifetime DSM-IV MDE, we compared Probabilistic features
between groups and modelled the association between these fea-
tures and subsequent BD diagnosis at follow-up. A discrete-time
survival analysis was used to model conversion to BD over time,
based on: (i) the presence of a lifetime history of at least one MDE
at baseline; and (ii) the presence or absence of ⩾4 Probabilistic
features at baseline. We also examined whether lifetime history
of any anxiety, behavioural (including oppositional defiant dis-
order, conduct disorder and ADHD), or substance disorders
were associated with subsequent conversion to BD. Age and sex-
adjusted hazards were calculated using a complementary log-log
link, and estimates were used to generate survival curves.

Results

Clinical predictors of conversion to BD: depression

31.9% of the HR subjects and 12.1% of the CON participants had
experienced at least one lifetime MDE at baseline ( p < .01)
(Table 1). Nineteen HR subjects developed hypo/mania at a
follow-up assessment, with eight manifesting thresholds (4.9%;
4 bipolar I and 4 bipolar II) and 11 subthreshold (6.7%) episodes,
i.e. a total conversion rate of 11.6% by up to 6 years. The median
ages at which threshold and subthreshold criteria were met for a
hypo/manic episode were 23 and 20 years, respectively. One CON
subject developed a subthreshold episode. Of the 19 HR subjects
who went on to develop hypo/manic episodes, 17 had experienced
a lifetime MDE at baseline, while two had not (one of whom later
developed a threshold hypo/manic episode, the other a subthres-
hold episode). Analyses reported below are based on participants
with at least one lifetime MDE at baseline. On survival analysis,
those HR subjects with at least one lifetime MDE at baseline
were significantly more likely to convert to either threshold BD
(hazard ratio 13.9, 95% CI 1.7–109.9, p < 0.05), subthreshold
BD (hazard ratio 7.5, 95% CI 2.0–28.3, p < 0.01) or ‘any form of
BD’ (threshold or subthreshold) (hazard ratio 9.0, 95% CI 2.9–
27.5, p < 0.001) than those with no MDE.

Probabilistic features at baseline

Although no individual Probabilistic feature distinguished signifi-
cantly between the HR and CON groups (see Table 2), the HR par-
ticipants were more likely to report at least three or four probabilistic
features. As guided by our previous research, we chose a cut-off of
⩾4 features (Mitchell et al. 2011; Frankland et al. 2015). Only
6.7% of the CON group compared with 40.4% of the HR group
reached the threshold of ⩾4 Probabilistic features ( p < 0.05).

Association between individual Probabilistic features and later
development of hypo/manic episodes

Of the 52 HR participants with a lifetime MDE, we identified 17
who were categorised as a threshold (n = 7) or subthreshold

‘converters’ (n = 10) to BD at a follow-up assessment, with base-
line Probabilistic features summarised in Table 3.

In the multivariate analyses, psychomotor retardation at base-
line was significantly associated with later threshold BD diagnosis
(OR = 41.7, 95% CI 4.4–196.6, p < 0.01) and any (threshold or
subthreshold) BD diagnosis (OR = 4.7, 95% CI 1.3–17.4, p <
0.05) at follow-up (see Table 3). The presence of ⩾5 MDEs
prior to baseline was also associated with a threshold BD diagnosis
(OR = 117.2, 95% CI 7.6–274.3, p < 0.01). The presence of ⩾4
Probabilistic features at baseline, compared with < 3, was signifi-
cantly associated with an increased likelihood of threshold BD
(OR = 14.5, 95% CI 3.0–74.0, p < 0.01), subthreshold BD (OR =
5.4, 95% CI 1.8–16.1, p < 0.01), and ‘any’ form of BD (OR =
10.8, 95% CI 3.8–30.3, p < 0.001) at follow-up (see Table 4).

Using survival analysis, among participants with a lifetime
MDE at baseline, those with ⩾4 Probabilistic features were signifi-
cantly more likely to convert to threshold BD (hazard ratio = 8.2,
95% CI 1.5–46.3, p < 0.05) or any form (threshold or subthres-
hold) of BD (hazard ratio = 3.1, 95% CI 1.1–8.8, p < 0.05) com-
pared with those with < 3 features. Among all HR subjects (see
Fig. 1), those with an MDE and ⩾4 Probabilistic features were
more likely to convert to threshold BD than those with either
no MDE (hazard ratio = 37.0, 95% CI 3.8–333.3, p < 0.01) or
those with an MDE and fewer probabilistic features (hazard ratio
= 6.9, 95% CI 1.3–37.0, p < 0.05). Similarly, those with an MDE
and ⩾4 Probabilistic features were more likely to convert to any
form of BD (threshold or subthreshold) than both those without
an MDE (hazard ratio = 15.9, 95% CI 4.8–52.6. p < 0.001) as well
as those with MDEs who reported fewer probabilistic features
(hazard ratio = 2.9, 95% CI 1.1–7.8, p < 0.05).

To examine the contributions of both prior MDEs and endorse-
ment of ⩾4 Probabilistic features when both variables were included
together as predictors of conversion in the survival analysis, we
included all participants, which included some who reported depres-
sive symptoms that did not meet full DSM-IV criteria for a MDE (for
example, four or more symptoms of only 1 week duration, or
Bereavement). Thus, the hazard ratio for ⩾4 Probabilistic features
genuinely reflects the additional effect of having ⩾4 features on top
of all other predictors. The effect coding for this analysiswas as follows:

MDE ⩾4 Features

0 0

0 1

1 0

1 1

This analysis demonstrated that a prior history of MDEs was
associated with an increased risk of later conversion to threshold
BD (hazard ratio = 13.9, p < 0.05); the presence of ⩾4 Probabilistic
features was associated with a further sevenfold increase in the
risk of conversion to threshold BD (hazard ratio = 6.9, p < 0.05).

Other clinical predictors of conversion to BD: anxiety,
behavioural and substance use disorders, and subthreshold
hypomanic features

Rates of other baseline lifetime disorders in the HR and CON groups
are detailed in Table 1. Of the eight who converted to threshold BD,
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Table 1. Baseline clinical and demographic characteristics of the high risk (HR) and control (CON) groups

DIGS KSADS COMBINED

CON HR CON HR CON HR

p

(n = 64) (n = 57) (n = 60) (n = 106) (n = 124) (n = 163)

n % n % p n % n % p N % N %

Gender

Male 29 43.5 20 35.1 .264 30 50.0 54 50.9 .903 59 47.6 74 45.4 0.704

Female 35 54.7 37 64.9 30 50.0 52 49.1 65 52.4 89 54.6

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Age, years 24.5 4.1 25.6 4.2 .169 18.3 2.5 15.7 2.8 <0.001 21.5 4.6 19.2 5.8 <0.01

DSM-IV MDE n % n % n % n % N % N %

At least one MDE 10 15.6 19 33.3 <0.05 5 8.3 33 31.1 <0.001 15 12.1 52 31.9 <0.001

Multiple MDE 3 4.7 11 19.3 <0.001 1 1.7 8 7.5 <0.001 4 3.2 19 11.7 <0.001

MDE clinical features Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Age at onset, years 19.8 3.5 17.8 5.4 .300 17.2 2.9 15.3 2.4 .118 18.9 3.4 16.7 4.5 <0.05

No. of episodes 1.7 1.6 4.4 4.0 .051 1.2 0.5 1.3 0.6 .858 0.9 1.1 1.7 2.6 .231

Other DSM-IV disorders n % n % n % n % N % N %

Anxiety disorder 7 10.9 12 21.1 .141 5 8.3 22 20.8 .048 12 9.7 34 20.9 .014

Behavioural disorder 0 0 2 3.5 .220 1 1.7 18 17.0 .002 1 0.8 20 12.3 <0.001

Substance use disorder 6 9.4 8 14.0 .571 3 5.0 5 4.7 .935 9 7.3 13 8.0 .821

CON, control; HR, high-risk.
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one (12.5%) had a lifetime behavioural disorder; two (25.0%) had a
lifetime anxiety disorder; and three (37.5%) had a lifetime substance
use disorder. Of the 11 who converted to subthreshold BD, six
(54.5%) had a lifetime behavioural disorder; one (9.1%) had a life-
time anxiety disorder; and 1 (9.1%) had a lifetime substance use dis-
order. On survival analysis, participants with any lifetime
behavioural disorder were significantly more likely to convert to
either subthreshold (hazard ratio = 8.3, 95% CI 2.2–31.3) or ‘any
form of BD’ (threshold or subthreshold combined) (hazard ratio
= 5.2, 95% CI 1.6–16.6). There were insufficient threshold convertors
in the behavioural disorder group to be included in the analysis.
Neither anxiety nor substance use disorders predicted conversion
to the threshold, subthreshold or ‘any’ BD. None of the subjects
who converted to a threshold or subthreshold BD at follow-up
had experienced subthreshold hypomanic episodes at baseline.

All clinical predictors (MDEs, anxiety disorders, behavioural dis-
orders and substance use disorders) were then included in a multi-
variate model. Only those with an MDE were more likely to convert
to threshold BD (hazard ratio = 13.3, 95% CI 1.6–110.3), though
there were insufficient threshold convertors in the behavioural dis-
order group to be included in the analysis. Any lifetime MDE was
associated with an increased likelihood of converting to both sub-
threshold (hazard ratio = 7.7, 95% CI 1.6–36.1) or ‘any form of
BD’ (hazard ratio = 20.1, 95% CI 3.7–109.0). Similarly, any lifetime
behavioural disorder was associated with an increased risk of subse-
quently developing either subthreshold (hazard ratio = 12.2, 95% CI
2.5–59.1) or ‘any’ BD (hazard ratio = 8.7, 95% CI 2.1–35.6).

Discussion

We report in this paper only the second investigation of the
prevalence of specific depressive characteristics in young subjects

at high familial risk for BD, using those features included in the
Probabilistic Approach to Bipolar Depression (Mitchell et al.
2008, 2011; Frankland et al. 2015). We also explored whether
such features predict later conversion to BD in a prospective lon-
gitudinal evaluation, above and beyond the effect of MDEs per se,
in the context of other clinical predictors of conversion, including
anxiety, behavioural and substance use disorders.

First, we found that the HR group was significantly more likely to
report ⩾4 Probabilistic depressive features than were the CON
group. This is consistent with our previous research in other datasets
of those with established BD, which has found ⩾4 features to be the
most robust threshold for discriminating between MDD and bipolar
depression. No individual feature distinguished CON and HR parti-
cipants. The only other study to examine depressive characteristics
in a BD HR sample has been that of Diler et al. (2017), which
reported that offspring at high familial risk who were depressed
had more severe depression, including atypical depressive symptoms,
than did the offspring from CON families. This is consistent with
our findings reported in this current paper, as atypical features com-
prise one of the common Probabilistic features.

Second, and even more significantly, we assessed the predictive
utility of both the lifetime presence of an MDE and the
Probabilistic Approach. Our findings are consistent with prior
longitudinal studies, which report that the majority of HR sub-
jects who convert to BD experience depressive episodes prior to
the onset of hypo/mania (Duffy et al. 2010; Mesman et al.
2013). Here, 88% of HR ‘converters’ to threshold BD and 89%
of HR ‘converters’ to any form of BD reported an MDE prior
to their first hypo/manic episode. Specifically, HR subjects with
at least one lifetime MDE at baseline were significantly more likely
to convert to threshold BD, subthreshold BD or ‘any form of BD’
(threshold or subthreshold) than those with no MDE.

Table 2. Prevalence of probabilistic features at baseline and association with study group among high risk (HR) and control (CON) participants with at least one
lifetime major depressive episode

CON
(n = 15)

HR
(n = 52) CON v. HR

N % n % ORa 95% CI

Probabilistic feature

Hypersomnia 6 40.0 34 65.4 0.3 0.1–1.1

Increased weight/app 6 40.0 14 26.9 2.0 0.6–6.8

Leaden paralysis 0 0 9 27.3 – –

Psychomotor retardation 4 26.7 27 51.9 0.4 0.1–1.3

Psychotic features 0 0 1 5.3 – –

Pathological guilt 7 46.7 22 42.3 1.0 0.3–3.3

Mixed symptoms 0 0 4 7.7 – –

Early onset (<25) 14 93.3 47 90.4 1.5 0.2–14.7

5+ MDE 1 6.7 10 19.2 0.1 0.1–1.1

Number of probabilistic features

3 or more 5 33.3 33 63.5 0.3* 0.1–0.9

4 or more 1 6.7 21 40.4 0.1* 0.1–0.9

5 or more 0 0 6 11.5 – –

CON, control; HR, high-risk.
aOdds ratios <1 indicate that a feature was more strongly associated with the HR group than the comparison group.
*p < 0.05, **p < 0.01, ***p < 0.001.
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Table 3. Association between baseline depressive symptoms and bipolar disorder (BD) diagnosis at follow-up among high risk (HR) participants with at least one lifetime major depressive episode

No BD Subthreshold-BD Thres-hold BD Any BD
Any BD Threshold BD

(n = 35) (n = 10) (n = 7) (n = 17) Univariate Multivariate Univariate Multivariate

n % N % n % n % OR
a

95% CI OR
a

95% CI ORa 95% CI ORa 95% CI

Hypersomnia 20 57.1 8 80.0 6 85.7 14 82.4 3.5 0.8–16.2 3.5 0.7–16.5 3.3 0.3–33.8 7.5 0.6–99.6

Increased
weight/app

9 25.7 1 10.0 4 57.1 5 29.4 1.3 0.3–6.0 1.0 0.2–5.4 4.0 0.8–20.3 65.7 0.5–103.7

Leaden
paralysis

6 27.3 2 25.0 1 33.3 3 27.3 0.9 0.1–5.3 – – 1.3 0.1–17.6 – –

Psychomotor
retardation

15 42.9 6 60.0 6 85.7 12 70.9 3.5* 1.1–11.5 4.7* 1.3–17.4 8.2 0.8–83.6 41.7** 4.4–196.6

Psychotic
features

0 0 0 0 1 25.0 1 14.3 – – – – – – – –

Pathological
guilt

16 45.7 2 20.0 4 57.1 6 35.3 0.7 0.2–2.0 0.2* 0.1–0.8 2.5 0.4–14.5 2.1 0.1–35.0

Mixed
symptoms

2 5.7 2 20.0 0 0 2 11.8 2.1 0.3–14.0 2.0 0.3–12.8 – – – –

Early onset
(<25)

31 88.6 10 100 6 85.7 16 94.1 2.1 0.2–19.4 2.8 0.2–38.6 0.8 0.1–8.8 0.2 0.1–7.6

5+ MDE 5 14.3 1 10 4 57.1 5 29.4 2.2 0.4–11.5 3.5 0.4–28.5 10.0* 1.3–74.6 117.2** 7.6–274.3

Note: leaden paralysis and psychotic features were not included as data were not available for both age groups.
aOdds ratios >1 indicate that the presence of a given feature was associated with a greater likelihood of a BD diagnosis.
*p < 0.05, **p < 0.01, ***p < 0.001.
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Neither anxiety disorders nor substance use disorders were
associated with subsequent conversion to BD. Our finding that
anxiety disorders did not predict the later emergence of BD is
not consistent with other (albeit a small number) prospective
HR studies, which have reported anxiety disorders to be an ante-
cedent to the development of later mood disorders (Duffy et al.
2007, 2014; Nurnberger et al. 2011). Some of the discrepancies
may arise from methodologic differences: prior studies have com-
bined BD and MDD as an outcome, rather than considering BD
alone as done here; and/or included both retrospectives as well as
prospective data.

We did, however, find that behavioral disorders predicted con-
version to subthreshold or ‘any form of’ BD, but not to threshold
BD. The literature on whether offspring of BD parents are more
likely to develop behavioral disorders, or whether these disorders
are reliable precursors to BD, has been inconsistent (Chang et al.

2000; Duffy et al. 2007; Henin et al. 2007; Birmaher et al. 2009;
Nurnberger et al. 2011). In the current study, the absence of a sig-
nificant association with threshold BD would suggest caution
regarding this association. Continued prospective observation
will assist in clarifying whether this association represents either
the nascent stages of a BD illness or alternatively symptoms of
the behavioral condition.

Further, we demonstrated that not only does a prior history of
MDE increase the risk for later conversion to BD, but that specific
characteristics of those depressive episodes (such as psychomotor
retardation and a minimum of five lifetime MDEs) were also sig-
nificantly associated with conversion to BD. Further, we report
the highly novel finding that the presence of ⩾4 Probabilistic fea-
tures was associated with a seven-fold increase in the risk of later
developing threshold BD, even after taking into account the risk
conferred from having experienced a prior MDE. At present,
47.6% of those HR participants who endorsed ⩾4 Probabilistic
features have experienced subsequent threshold or subthreshold
hypo/manic episodes, indicating the potential of the Probabilistic
Approach for identifying those at greater risk of conversion to
BD, even within a group which already has an increased level of
risk.

Few studies have examined the association between specific
depressive symptoms in MDD and conversion to BD. Akiskal
et al. and Strober both reported higher rates of psychomotor
retardation during baseline depressive episodes in those (irre-
spective of family history) who ultimately converted to BD
(Strober, 1982; Akiskal et al. 1983), although Pfennig et al.
(2015) reported no significant association. The current findings,
which are consistent with our previous reports of the strong asso-
ciation between psychomotor retardation and bipolar depression
(Mitchell et al. 2011; Frankland et al. 2015), confirm psychomotor

Table 4. Association between number of probabilistic features and bipolar
disorder (BD) diagnosis at follow-up among high risk (HR) participants with
at least one lifetime major depressive episode

High-risk ⩾4 Probabilistic
features v. ⩽3

Probabilistic features(n = 52)

n % OR 95% CI

Subthreshold BD 10 19.2 5.4** 1.8–16.1

Threshold BD 7 13.5 14.8** 3.0–74.0

Any BD (Subthreshold +
Threshold)

17 32.7 10.8*** 3.8–30.3

*p < 0.05, **p < 0.01, ***p < 0.001.

Fig. 1. Risk of conversion to threshold bipolar disorder over time among all high-risk participants, comparing those with no MDE, those with MDE and <4
Probabilistic features, and those with MDE and ⩾4 Probabilistic features.
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retardation as a prominent feature of depressive episodes among
those at high familial risk who will later develop BD. Furthermore,
consistent with prior reports in MDD samples unrelated to family
history (Angst et al. 2005), a greater number of depressive epi-
sodes was a robust predictor of risk for the later development of
BD in our HR sample.

Few prospective studies have investigated the predictors of BD
amongst genetically HR subjects. Axelson and Hafeman, both
reporting on the same Pittsburgh dataset (Axelson et al. 2015;
Hafeman et al. 2016), found that both dimensionally-defined
and categorically-defined depressive episodes were associated
with conversion to BD. Further, Duffy (Duffy et al. 2014) and
Mesman (Mesman et al. 2013) reported that a high proportion
of those who developed BD had experienced prior MDEs
(76% and 88%, respectively). Based on two decades of retrospect-
ive and longitudinal HR data, Duffy et al. (2014) identified anx-
iety and sleep disorders during childhood, and depressive
episodes during adolescence as predictors of later mood episodes.
Whalley et al. (2015) reported greater depressive and cyclothymic
temperament among subjects at-risk for BD who later developed
depressive episodes compared with those without depressive fea-
tures. These subjects also showed functional differences in
cortico-thalamic-limbic activation during an emotional modula-
tion fMRI task. Our research group has also reported differences
in structural and functional neuroimaging, and neuropsycho-
logical testing, in at-risk subjects (Roberts et al. 2013, 2016,
2017; Breakspear et al. 2015; McCormack et al. 2016). Future ana-
lyses will focus on whether these differences are also associated
with later development of BD.

The current data, derived from an ongoing prospective study
of a HR sample, confirm the presence of specific depressive fea-
tures that are more common in those who will later go on to
develop BD. As these features developed prior to the onset of
any manic or hypomanic symptoms, our findings provide a sub-
stantial contribution to growing efforts to identify prodromal fea-
tures of BD (Martin & Smith, 2013). The Probabilistic Approach
may be a useful tool for clinicians who are uncertain as to whether
depressive episodes in a patient with a family history of BD reflect
the beginning of a BD trajectory.

The results reported here should be considered in the context
of several limitations. Although our sample represents one of the
largest prospective studies of HR subjects, the number of conver-
ters at present is small, with 4.9% converting to threshold and
6.7% to subthreshold BD, after up to 6 years of follow-up,
although consistent for this point in time with other longer
follow-up studies (Duffy et al. 2010; Mesman et al. 2013). Our
relatively small sample may have implications for statistical
power (particular when including the predictive capacity of
more than two variables) and also limited the analysis of low-
prevalence symptoms, such as psychosis, which has been asso-
ciated with conversion in some reports of MDD subjects irre-
spective of family history. Recruitment for this study is
ongoing in order to increase the sample size to enhance statis-
tical power.

In conclusion, we report the novel and highly clinically rele-
vant findings that young HR subjects experience a greater number
of Probabilistic features while depressed, and that these features
are more common in those who will later go on to develop BD.
We found that the presence of ⩾4 probabilistic features was asso-
ciated with a seven-fold increase in the risk of conversion to
threshold BD, even after accounting for the risk associated with
a prior history of MDE.
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