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ABSTRACT

Background: Trying to better define Bipolar Disorder (BD) progression, different staging
models have been conceptualized, each one emphasizing different aspects of illness. In a
previous article we retrospectively applied the main staging models to a sample of 100 bipolar
patients at four time points over a ten-year observation. In the present study, focusing on
Kupka & Hillegers’s model, we aimed to assess the transition of the same sample through the
different stages of illness and to explore the potential role of clinical variables on the risk of
progression.

Methods: Multistate Model using the mstate package in R and Markov model with stratified
hazards were used for statistical analysis.

Results: A high hazard of transition from stage 2 to 3 emerged, with a probability of staying in
stage 2 decreasing to 14% after 3 years. BD Il and depressive predominant polarity were
significantly associated with transition from stage 1 to 2, whereas the number of lifetime
episodes > 3 and the elevated predominant polarity with transition from stage 3 to 4.
Conclusion: Our results corroborated the evidence on BD progression and contributed to
outline its trajectory over time. Further effort may help to define a standardized staging

approach towards ever increasing tailored interventions.

Key words: bipolar disorder; clinical staging; staging model; multi-state model; disease

progression; retrospective study.



1. Introduction

The longitudinal course of Bipolar Disorder (BD) is likely to be related to an active process of
neuroprogression, associated with neuroimaging and molecular changes, and clinically reflected by
enhanced risk of facing new affective episodes, reduced chances of recovery from them, along with
increased cognitive and functional decline (Berk et al., 2014; Muneer, 2016; Kapczinski et al., 2017,
Serafini et al., 2021).

Neuroimaging studies in BD support the neuroprogressive hypothesis, showing specific structural and
functional alterations during the course of illness (Serafini et al., 2021). Moreover, research on
biomarkers, including Brain-Derived Neurotrophic Factor (BDNF) and inflammatory cytokines,
strengthen the notion of a progressive disorder model, since reduced BDNF levels have been found
during manic and depressive episodes, potentially linked to gene expression downregulation (Kauer-
Sant’Anna et al., 2008; D’Addario et al., 2012). In addition, the relationship between inflammation and
BD depends on the disease stage and phase (Rosenblat & Mclntyre, 2016).

Several clinical factors may influence illness trajectory, including the number of episodes and
hospitalizations, the presence of medical and psychiatric comorbid conditions, the occurrence of
stressful life events, and the familiality for psychiatric disorders (Post, 2020). A longer duration of
illness entails more pronounced changes at either a clinical and a neuropathological level, which may
lead to treatment refractoriness and neuropsychological deficits (Berk et al., 2011). Furthermore,
compiling evidence endorses the role of incomplete recovery in the interepisodic phases as well as the
persistence of cognitive deficits during euthymia in significantly affecting BD outcome (Tsapekos et
al., 2021).

Trying to better define such progression, over the last decades several authors conceptualized different
staging models for BD, each one emphasizing different aspects of illness (McGorry et al., 2006; Berk
et al., 2007; Kapczinski et al., 2009; Kupka & Hillegers, 2012; Duffy, 2014). A comprehensive
description of the existing staging approaches was provided in a previous article from our group
(Macellaro et al., 2023).

The integration of staging models in clinical practice was aimed to promote prevention for at-risk
subjects, timely intervention strategies for newly diagnosed individuals, and to tailor treatment options
according to the stage of illness (Berk et al., 2014). Nevertheless, only scant evidence is available on
their applicability in longitudinal data sets (van der Markt et al., 2019; van der Markt et al., 2020; de la
Fuente-Tomas et al, 2020; Macellaro et al., 2023).



In this regard, Van der Markt and coworkers first tested in 2019 the applicability of a BD staging
model: they applied Kupka & Hillegers’s model (Kupka & Hillegers, 2012) to a sample of 99
outpatients, collecting retrospectively life chart data with monthly evaluations and covering a time
frame of five years since the onset of first mood symptoms (Van der Markt et al., 2019). Their findings
supported a general BD progression to more advanced stages, with certain covariates (e.g., biphasic
mood episodes at onset, male gender) potentially influencing the transition rate (Van der Markt et al.,
2019). Authors from the same group also cross-sectionally assessed the clinical utility of Berk’s and
Kapczinski’s staging models in a sample of 1396 BD type 1 (BD I) patients: for both of them, age at
onset, treatment resistance and episode acceleration changed concordantly with stages (van der Markt
et al., 2020).

In 2020, de la Fuente-Tomas and colleagues developed a k-means clustering model based on clinical
characteristics, functioning, cognition, general health, and health-related quality of life. They included
224 patients at baseline, of whom 129 reached 3-year-follow-up: almost half of the sample remained at
the same stage, a quarter progressed and another quarter regressed one stage. Moreover, the progression
through stages was associated with a significant worsening of all life domains (de la Fuente-Tomas et
al., 2020).

In a previous article from our group (Macellaro et al., 2023), we applied the main BD staging models
available in literature to a sample of Italian bipolar patients mainly referred to outpatient services of
Luigi Sacco Hospital in Milan, at four time points over a ten-year retrospective observation. We also
assessed potential associations and/or interactions between the mean stage values and the clinical
variables over time. A pattern of stage worsening emerged for each model, with a significant increase at
every time point from the furthest assessment. Greater stage increases were reported in patients with
lower educational level, age at first elevated episode < 35 years, duration of illness < 25 years, and
duration of untreated illness (DUI) < 5 years. Lower stage values were associated with BD type 2 (BD
I1), no psychiatric hospitalization, depressive onset and predominant polarity, < 3 lifetime episodes, age
at first mood stabilizer > 40 years, duration of illness < 25 years, and engaged/employed status. Higher
stage values were related to lower age at first elevated episode and mood stabilizing treatment instead
(Macellaro et al., 2023).

In the present study, authors opted to focus on Kupka & Hillegers’s staging model (Table 1), owing to
its favourable ratio between the number of classes and the transitions previously observed. The aim was
to assess the transition of the sample through the different stages of illness and to explore the potential

role of clinical variables on the risk of illness progression.



2. Methods

2.1. Sample and stage assignment

A detailed description of the sample was provided in a previous article from our group (Macellaro et
al., 2023). Herein we summarized the main steps of the recruitment and stage assignment process: after
approval by the local Ethics Committee and giving written informed consent, 100 patients with a DSM-
IV-TR (APA, 2000) diagnosis of BD (53 BD I, 47 BD II) and age > 18 years were recruited from
January to June 2020 at Luigi Sacco Hospital in Milan, mainly from 2™ level outpatient services and
secondarily from inpatient unit. Among inclusion criteria there were also a clinical history of at least 10
years of psychiatric follow-up, the availability of monthly to quarterly psychiatric assessments as well
as of complete clinical information in medical records. Some of the socio-demographic and clinical
variables have been dichotomized in order to be more suitable for the longitudinal analyses. The
clinical stage was retrospectively assessed according to Kupka & Hillegers’s model at six time points
(time of recruitment, 1, 2, 5, 7 and 10 years before inclusion): nonetheless, to cluster most of the
variations around a limited number of time points, minimize the potential erratic change of patterns,
and lead to more precise estimates, only four of them were considered: TO (2010, 10 years before
recruitment), T1 (2015, 5 years before recruitment), T2 (2018, 2 years before recruitment), and T3
(2020, time of recruitment). Furthermore, the five sub-stages of the model were recoded into their main
classes by pooling together the three subclasses of stages 1 and 3, the four subclasses of stage 2 and the

two subclasses of stage 4.

2.2. Statistical analyses

Given that patients can enter the study in all stages, possible transitions were from stage 1 to stage 2
and 3, from stage 2 to 3 and from stage 3 to 4. Backward transitions were not considered as only one
emerged at the considered times.Therefore, the multistate model, fitted using the mstate package in R
(de Wreede et al., 2010; de Wreede et al., 2011; Putter et al., 2007), included four possible states.
Estimates from a Markov clock-forward model and a semi-Markov clock-reset model with stratified
hazards over the transitions for each covariate under study and adjusted by gender and age were
calculated. In the clock-forward model, given the present state and the event history, the transition only
depends on the present state. In the clock-reset model, the time-scale in the current state depends on the

length of stay in the current state. The following covariates were considered among those found to be



significantly associated with stage variations (increase/decrease) in the previous study (Macellaro et al.,
2023): BD type, duration of illness, DUI, number of lifetime episodes, predominant polarity, age at first
elevated episode, and polarity of first episode. No multivariable regression model was fitted
considering the limited number of transitions. Transition probabilities were calculated according to the
Markov model. The Markov property was tested using the approach proposed by Titman & Putter
(Titman & Putter, 2022) and implemented in the MarkovTest function of the mstate package in the
open source R language. To estimate transition probabilities in non-Markov models, the non-parametric

landmark Aalen-Johansen method was used (Putter & Spitoni, 2018).

3. Results

Socio-demographic and clinical data of the total sample are reported in detail in the previous
manuscript (Macellaro et al., 2023) and briefly summarized in Table 2.

Considering stage transitions, 11 patients who were already in stage 4 at baseline have been excluded.
Only one patient in stage 3 at baseline, after a transition to stage 4, made a transition back to stage 3
and then again to stage 4: hence, the back-transition was ignored. One patient starting in stage 0 was
considered as starting in stage 1. Out of 15 patients starting in stage 1, 8 made a transition to stage 2
and 7 to stage 3. Fourteen patients were recruited in stage 2 for a total of 22 patients going through this
stage; out of 22, 17 patients made a transition to stage 3. Fifty-nine patients started in stage 3, for a total
of 83 patients overpassing stage 3. Out of 83 patients in stage 3, 25 entered stage 4.

Figure 1 shows the cumulative hazard for the possible transitions across stages: it is worth noting the
high hazard of transition from stage 2 to stage 3 over the ten-year observation.

Figure 2, left panel, illustrates the probability of remaining in stage 1 without making any transition and
of moving from stage 1 to stages 2 and 3. Similarly the central and right panels report the probability of
transitions starting from stage 2 and 3, respectively. It is worth underlining that the probability of
staying in stage 1 diminishes to 60% after 3 years (CI: 44%-83%), and furtherly to 33% at 5 years (CI:
19%-57%), reaching 7% after 8 years (CI: 3%-17%). For stage 2, the probability of staying in stage 2
decreases to 14% after 3 years (CL: 9%-23%), to 3% after 5 years (CI: 1%-7%), and to 2% after 10
years (CI: 1%-6%). As regards stage 3, the probability of staying in stage 3 gradually declines to 65%
after 10 years (CI: 56%-77%).

Table 3 reports the estimate of the transition probabilities through all the stages at different time points

(3, 5, 8, and 10 years), together with the 95% CI. It is critical to note that, in relation to transition from



stage 1 to 2, the probability ranges from 20% to 32% over 10 years, whereas from stage 1 to 3, the rate
more than doubles after 5 years and still raises to almost 60% at 8 and 10 years. Dissimilarly, when
examining stage 2, the probability of moving to stage 3 is extremely high already after 3 years (86%)
and still show elevated rates at the end of the observation (75%).

Considering the global test of the Markov property, there was evidence of refusing the null hypothesis
for all transitions except for the transition from stage 2 to 3. The transition probabilities from stage 1
and stage 2 were also estimated using the landmark Aalen-Johansen estimator, while it was not possible
to obtain the estimates from stage 3. The pattern of transition probabilities was similar to the one
obtained with the Markov model especially for stage 1 transitions.

As regards the role of covariates on transition rates, Table 4 reports the clock-forward and clock-reset
model results that were very similar. No significant associations were reported for the following
clinical variables: duration of illness (p=0.5), DUI (p=0.3), age at first elevated episode (p=0.7), and
polarity of first episode (p=0.6).

When considering BD type, a significant association emerged instead (p=0.03), with the transition from
stage 1 to 2 regarding only BD II patients. No difference was found for the remaining transitions, for
which, however, BD I patients were more frequently represented.

As regards predominant polarity, all patients making a transition from stage 1 to 2 have a depressive
predominant polarity. No differences were reported for transition from stage 1 to 3 and from stage 2 to
3, whereas elevated predominant polarity was found to be significantly associated with the transition
from stage 3 to 4 (HR=3.4; 95% CI: 1.5-7.7; p<0.01).

In relation to the number of lifetime episodes (p=0.09), almost all patients (except one) with more than
3 lifetime episodes started from stage 3. Therefore, the only estimable transition is the one from stage 3
to 4, that turned out to be significantly associated with such clinical variable (HR=2.5; 95% CI: 1.1-5.7;
p=0.03).

With respect to the polarity of first episode, although there was no evidence of association, it is
noteworthy that only patients with elevated polarity of first episode (i.e., hypo/mania), made the
transition from stage 1 (i.e., a positive family history for BD, with non-specific symptoms, as

irritability, or depressive episode(s)), to 2.

4. Discussion



In the present study, we retrospectively assessed the transition of a sample of 100 bipolar patients over
a 10-year observation, at four time points, according to the model proposed by Kupka and Hillegers,
exploring the potential role of clinical variables on the risk of illness progression.

Taken as a whole, our findings furtherly corroborate the existing evidence on the chronic and recurrent
nature of the disorder, but also strengthen the notion of illness worsening to more advanced stages
(Kessing & Andersen, 2016).

For instance, a pattern of progression has been confirmed in our sample over the ten-year observation.
In presence of increased risk (i.e., Ist degree relative with BD) and non-specific psychiatric
symptoms/bipolar-specific prodromal symptoms or depressive episodes, the associated probability of
not facing BD onset is 60% after 3 years, and furtherly halves at 5 years, reaching 7% after 8 years.
Once BD diagnosis has been formulated, the associated probability of not presenting mood recurrences
even more rapidly decreases from 100% to 14% after 3 years, to 3% after 5 years, and to 2% after 10
years.

Correspondingly, when examining the transition probabilities, an extremely high hazard of transition
from stage 2 (i.e., after a first episode qualifying for BD) to 3 (i.e., recurrence of any mood episode)
has been documented over the whole observation period (75-86%). In case of non-specific symptoms
or depressive episodes, the probability of moving to stage 2 and 3 are comparable after 3 years, but
then the first (i.e., 1 > 2) slowly raises to one third after 10 years, whereas the latter (i.e., 1 > 3) more
than doubles already after 5 years and reach 60% after 8§ and 10 years. It has to be acknowledged that
our sample may not fully represent the broader population of individuals with BD, given that those who
have achieved remission and are no longer in treatment were not considered. This selection bias might
indeed lead to an overestimation of the transition rates across stages.

Overall, these findings are in line with recent data by van der Markt and coauthors: according to them,
five years after BD onset (stage 2), 72% of the sample reached stage 3 and 21% stage 4 (i.e., persisting
unremitting illness) (van der Markt et al., 2019).

Taken as a whole, these data shed light on the crucial importance of early detection and close
monitoring of non-specific, depressive or prodromal bipolar symptoms, especially in at-risk
subpopulations (e.g., in case of positive family history for BD) (Del Favero et al., 2021). This may have
a remarkable impact on illness course and outcome, by means of timely intevention prior to and at
onset, through pharmacological and non-pharmacological strategies (i.e., on social, familial, or
environmental stressors, psychoeducation) as well as prevention or delay of mood recurrences, with the

purpose of lengthening time spent in stage 1 and 2. It may be also determining in terms of immediate



treatment of relapses, recurrences, and persisting subsyndromal symptoms in order to shorten their
duration, extend inter-episodic phases, promote patients’ fuctioning and minimize the impact on
essential domains of daily life.

In this perspective, the authors investigated potential associations between certain clinical variables and
the different transition intensities: BD II and depressive predominant polarity were found to be
significantly associated with transition from stage 1 to 2, whereas the number of lifetime episodes > 3
and the elevated predominant polarity with transition from stage 3 to 4.

More in detail, when considering BD subtype, only patients with a BD II diagnosis at the last
observation made the transition from stage 1 to 2 during the study period: this may be explained
considering that BD II patients are more likely to face a depressive onset compared with BD I patients
(Buoli et al., 2021; Tondo et al., 2022). Although without statistical significance, BD I patients were
more frequently represented in remaining transitions, somehow consistently with data showing that BD
I patients are usually burdened by higher hospitalization rates and more severe cognitive impairment
(Altamura et al., 2018; Cotrena et al., 2020), despite the existing controversy regarding cognitive
deficits in BD, as some studies have not found significant differences between BD I and II (Ancin et
al., 2013).

Furthemore, an association emerged for predominant polarity, since all patients transiting from stage 1
to 2 had depressive predominant polarity. It is well documented that BD II patients usually show a
depressive predominant polarity, related to multiple recurrent depressive episodes interspersed by less
frequent hypomanic episodes (Baldessarini et al., 2012a; Tondo et al., 2022), with a longitudinal ratio
of depressive to hypomanic episodes over time of about 3:1 (Kupka et al., 2007). Thus, BD II
phenotype is characterized by the predominance of depression, which, although less striking than
mania, could represent the problematic aspect of the disorder (Drancourt et al., 2013).

Conversely, the elevated predominant polarity was found to be significantly associated with the
transition from stage 3 to 4: along with the higher prevalence of BD I found in the transitions across
these stages, these data are in line with the association between BD I and elevated predominant
polarity, well-documented in literature (Baldessarini et al., 2012b). Moreover, the manic predominant
polarity type has been associated with an earlier age of onset, higher number of hospitalizations, more
frequent psychotic symptoms, rapid cycling, and cognitive impairment (Martinez-Aran et al., 2004;
Carvalho et al., 2014; Popovic et al., 2014; Colom et al., 2015; Sanchez-Morla et al., 2018), all factors
that may be involved in progression to advanced phases of illness. Moreover, the presence of psychotic

symptoms in BD is associated with a more severe and complex disease trajectory, influencing the



progression of the disorder through various pathways including earlier onset, increased episode
frequency, and greater functional impairment (Dell’Osso et al., 2017). However to date there are no
studies evaluating the impact of psychotic symptoms on stage progression in BD.

The transition from stage 3 to 4 was found to be significantly associated also with the number of
lifetime episodes > 3, in line with the notion that a higher frequency of mood episodes is related to
increased risk of recurrences, duration and severity of episodes, lower threshold for developing mood
phases and reduced treatment response, potentially leading to advanced stages (Kessing & Andersen,
2016; Passos et al., 2016).

It is worth mentioning the lack of significant associations between transition rates and DUI, duration of
illness, age at onset, and polarity of first episode, although several contributions suggest the role of
duration of illness (Cardoso et al., 2015), age and polarity of first episode on the course of illness
(Tundo et al., 2015; Cremaschi et al., 2017), as well as underline the negative long-term effect of DUI
in terms of increased rates of suicidal behaviour, hospitalization, and depressive/hypomanic episodes
(Buoli et al., 2021). Our data seem to be more consistent with recent evidence suggesting that poor
functioning in BD could be the result of multiple affective relapses, rather than a direct effect of DUI
(Fico et al., 2021).

To the best of our knowledge, this is the longest retrospective application of a clinical staging model for
BD to a sample of 100 patients, including the assessment of the transition through the different stages
of illness.

However, findings of the present study should be cautiously interpreted due to some limitations. First,
due to the naturalistic and retrospective design of the study, our estimates of stage transition
probabilities may be higher than what would be observed in a prospectively followed cohort from the
general population. Secondly, although a 10-year observation is the longest one performed in research
on staging models, it still represents a limited time of assessment. In addition, since enrolled patients
were referred to a 2™ level specialist clinic, they could overall suffer from a more severe disorder and
be influenced by the therapeutic setting. Another relevant limitation potentially affecting the findings is
that treatments administered over the 10 years were not retrievable, thus being excluded from the
analyses. Considered together, the above-mentioned issues, along with the relatively small sample size,

may hamper the generalizability of results.

5. Conclusion



In summary, our results corroborated the existing evidence on the progressive nature of BD, including
the one previously reported from our group, and contributed to better define its trajectory over time.
Bipolar subtype, predominant polarity, and number of lifetime episodes were found to be significantly
associated with transition across stages. Although the heterogeneity intrinsic to BD may limit the
clinical use of staging models and their ability to guide its prognosis and treatment is still to be
determined, further research effort on their longitudinal application may point to the definition of a
standardized system, hopefully implementing data on illness progression over time and thus allowing
ever increasing early and tailored interventions. Prospective studies are warranted in order to provide

more accurate estimates and validate the present findings.



Tables

Table 1. Staging model by Kupka & Hillegers.

STAGE 0 1 risk (as defined by a 1 degree relative with BD*); no psychiatric symptoms
STAGE 1 Non-specific psychiatric symptoms or depressive episode(s)
1A 1 risk and non-specific psychiatric symptoms, no history of depressive episode(s)
1B 1 risk and bipolar-specific prodromal symptoms, no history of depressive episode(s)
1C 1 risk, with a first MDE'
1D 1 risk, with recurrent MDES'
STAGE 2 1% episode that qualifies for diagnosis of BD
2A 1 manic episode (BD* | diagnosis) without previous history of depressive episode(s) and without
depression immediately preceding or following 1% manic episode
2B 1* hypomanic (BD* Il diagnosis) or manic episode (dx BD* I) without previous history of
depressive episode(s) but with depression immediately preceding or following 1% (hypo)manic
episode
2C 1*" hypomanic (BD* | diagnosis) or manic episode (dx BD* I) with previous history of depressive
episode(s), with or without depression immediately preceding or following 1% (hypo)manic
2D 1* depression after hypomanic episode (BD* 11 diagnosis)
STAGE 3 Recurrence of any depressive, hypomanic, or manic/mixed episode
3A Recurrence of subsyndromal depressive or manic symptoms after the diagnosis of BD*
3B Recurrent BD* (recurrence of any depressive, hypomanic, or manic/mixed episode) and with full
symptomatic and functional recovery between episodes
3C Recurrent BD* (recurrence of any depressive, hypomanic, or manic/mixed episode), with
subsyndromal symptoms and/or impaired functioning between episodes
STAGE 4 Persistent unremitting illness; chronic (> 2 years) depressive, manic or mixed episodes,
including rapid cycling
4A Chronic depressive, manic or mixed episode(s), without symptomatic and functional recovery for
2 years
4B Rapid cycling (= 4 mood episodes/year), without symptomatic and functional recovery for 2 years

Legend: 1:increased; TMDE: Major Depressive Episode; $BD: Bipolar Disorder.
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Table 2. Main socio-demographic and clinical data of the total sample.



Total Sample

Total sample

Polarity of last episode (%)

N (%) 100
Age (years, mean+SD") 58.27+10.22
Gender, female (%) 57
Ethnicity, caucasian (%) 99
Recruitment service (%)

2" level specialist outpatient service 39
Other outpatient service 57
Psychiatric ward 4
Family history (%)

Positive 64

For mood disorders 44

BD' (%)

[ 53

II 47

Age at onset (years, mean+SD') 30.91+12.44
Onset < 18 years (%) 24
Stress event at onset (%) 62
Duration of illness (years, 27.62+12.35
mean=SD")

DUT (years, mean+SD") 4.22+0.70
Age at first episode (years,

mean=SD") 33.78+12.47
Depressive 36.33+13.41
Elevated

Polarity of first episode (%)

Manic 17
Hypomanic 5
Depressive 61
Manic with mixed features 1
Hypomanic with mixed features 2
Depressive with mixed features 8
Depressive with psychotic features 6
Number of lifetime episodes (%)

1-3 6

4-5 20
6-10 47

> 10 27

Manic 11
Hypomanic 17
Depressive 49
Manic with mixed features 3
Hypomanic with mixed features 3
Depressive with mixed features 10
Depressive with psychotic features 7
Predominant polarity (%)
Manic 20
Hypomanic 5
Depressive 50
Manic with mixed features 6
Hypomanic with mixed features 2
Depressive with mixed features 14
Depressive with psychotic features 3
Lifetime mixed episodes (%) 65
Lifetime rapid cycling (%) 20
Age at first mood stabilizer 39.32+12.58
treatment (years, mean+SD")
Lifetime suicide attempts (%) 25
Lifetime psychiatric hospitalizations
(%)
None 38
1 20
2 22
>3 20
Pharmacotherapy at recruitment
(%) 24
Lithium 51
Antiepileptics 52
Antidepressants 9
First generation antipsychotics
Second/third generation 61
antipsychotics 12

Complex pharmacotherapy (> 3)

Legend: 'SD=standard deviation; “BD= bipolar disorder; ‘DUI=duration of untreated illness.




Table 3. Estimates of the transition probabilities through all the stages at different time points.

From To 3 years 5 years
1 2 20% (95% CI: 9%-46%) 17% (95% CI: 6%-47%)
1 3 20% (95% CI: 9%-46%) 46% (95% CI: 29%-73%)
2 3 86% (95% CI: 76%-97%) 83% (95% ClI: 73%-94%)
3 4 12% (95% CI: 6%-23%) 26% (95% CI: 18%-38%)
From To 8 years 10 years
1 2 25% (95% CI: 11%-57%) 32% (95% Cl: 16%-63%)
1 3 61% (95% CI: 44%-86%) 59% (95% CI: 42%-84%)
2 3 77% (95% Cl: 67%-89%) 75% (95% Cl: 64%-87%)
3 4 32% (95% CI: 24%-44%) 35% (95% Cl: 26%-46%)

Legend: Cl=confidence interval.




Table 4. Associations of covariates with transition rates in clock-forward and clock-reset regression

models.
Clock-forward Clock-reset
Variable From - HR 95% CI p-value HR 95% CI p-value BD_ BD_
to type=1 | type=2
BDType | 1> 2 |Inf  [0.00;nf] | 0.99 Inf  [0.00;Inf] | 0.99 0/4 R/11
1>3 023 [005:1.08 |o0.06 023 [0.05;1.08] | 0.06 4/4 311
253 075 (0192951 |06 %9 o072 (0192721 |oe2 002 |33 14/19
3>4 |047  [020;1.10] | 0.08 0.47 [0.20;1.08] | 0.08 17/42  8/41
Age 101 [0.991.04] [0.30 1.01 [0.99;1.04] [031
Sex 0.89  [0.52:1.54] |0.69 0.88 [0.51;1.52] | 0.65 Age  Age
first<35  first>35
Ageat |1>2 |266 [030,23.79] | 038 2.66 [0.30,23.88] | 0.38 2/5 6/10
first |13 |o059 [0.12291] [o0.52 059 [0.12:2.93] |o0.52 35 4/10
elevated _ 0.71 0.71
episode |23 [074 (018306 | 0.68 0.79 [0.193.29] | 0.74 4/4 14/18
354 | 131 [058294] |o0.52 134 [0.59:3.03] |0.49 1139 14/44
Age 101 [0.98;1.04] [0.51 1.01 [0.98;1.04] [0.54
Sex 090  [052:1.56] |o0.71 0.88 [0.51;1.53] | o0.66 Dur Dur
<27 >27
Duration | 1 >2 | 1.97 [0.1821.85] | 0.58 197 [0.1821.92] | 0.58 702 13
ofillness | 1 53 | 786  [0.71;87.39] | 0.09 7.89 [0.71;87.68] | 0.09 5/12 2/3
253 | 115 [032:4077 o83 9% 175 [047:653] |o41 038 1419 33
3>4 |081  [037:1.80] |o0.61 0.82 [037:1.82] | 0.63 12/41  13/42
Age 101 [0.98:1.03] [047 1.01 [0.98;1.03] [055
Sex 0.88  [0.51:1.50] | 0.63 0.89 [0.52:1.53] |o0.67 DUI<5  DUI>S
DUI | 152 | 133 [0.1412.29] | 0.80 134 [0.15,1239] | 0.79 702 13
153 |364 10592268 |0.17 3.68 [0.59:22.90] | 0.16 512 23
253 | 103 0372851 |09 %2 |14 10523827 [o0s0 %2 |ions 7
3>4 |047  [020:1.10] |o0.08 045 [0.19:1.05] | 0.07 17/45  8/38
Age 101 [0.99:1.03] [043 1.01 [0.98:1.03] [050
Sex 0.87 [051:1.50] |o0.62 0.85 [0.50;1.46] | 0.56 Mania  Other
Polarity | 1> 2 |inf _ [0.00.Inf] | 0.99 Inf [0.00;Inf] | 0.99 0/l 3114
offirst | 153 |015 [0.01;1.76] |0.13 0.15 [0.01;1.75] | o0.13 11 6/14
episode 0.58 0.54
2>3 |087 [023333] |o0ss O 082 [022:3.06] |077 934 |33 14/19
3>4 070 [0301.64] |o0.41 0.67 [0.29;1.56] | 0.35 820  17/63
Age 1.0l [0.99;1.03] [045 1.01 [0.99;1.03] |[045
Sex 0.90  [0.52:1.56] |0.70 0.89 [0.51;1.54] |o0.67 Mania  Other
Predomin | 1 >2 | 0.00  [0.00;nf] | 0.99 0.00 [0.00;Inf] | 0.99 813 02
ant | 153 134 (0237700 |o7a %OV |132 0237617 |o7s %01 sz ap




Polarity [ 2> 3 | 1.12 [0.14;8.80] 0.91 1.18 [0.15;9.14] 0.88 16/21 1/1
3>4 |344 [1.54;7.69] 0.00 3.61 [1.64;7.97] 0.00 11/58 14/25
Age 1.01 [0.99;1.04] 0.40 1.01 [0.98;1.04] 0.41
Sex 0.87 [0.50;1.50] 0.61 0.85 [0.49;1.46] 0.56 <3 >3
Number | 1 >2 | NA [NA;NA] NA NA [NA;NA] NA 8/15 0/0
of 1=>3 | NA [NA;NA] NA NA  [NA;NA] NA 7/15 0/0
lifetimes 0.09 0.10
episodes 2->3 1049 [0.06;3.90] 0.50 0.59 [0.07;4.74] 0.62 16/21 1/1
324 1250 [1.09;5.73] 0.03 247 [1.09;5.61] 0.03 15/64 10/19
Age 1.01 [0.98;1.03] 0.60 1.01 [0.98;1.03] 0.61
Sex 0.80 [0.47;1.38] 0.43 0.80 [0.47;1.38] 0.43

Legend: NA=not applicable; DUI=duration of untreated illness; BD= bipolar disorder; In case of perfect separation, i.e.
when the variable perfectly discriminates between those making transitions and those not, the HR is either 0 or Inf and the
95% CI has Inf in the upper limit.

Figures

Figure 1. Cumulative hazard for the possible transitions across stages.
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Figure 2. Probability of transitions starting from stage 1, 2 and 3.
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Highlights

e We retrospectively applied Kupka & Hillegers’s model to a sample of 100 bipolar
patients at 4 time-points over 10 years

e We assessed the transition across stages and the role of clinical variables on the risk
of progression

¢ A high hazard of transition from stage 2 to 3 emerged, with a probability of staying in
stage 2 decreasing to 14% after 3 years

e BD Il and depressive predominant polarity were significantly associated with transition
from stage 1 to 2, whereas the number of lifetime episodes > 3 and the elevated

predominant polarity with transition from stage 3 to 4



