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Abstract

Introduction: The aim of this study was to determine whether the clinical

profiles of bipolar disorder (BD) patients could be differentiated more clearly

using the existing classification by diagnostic subtype or by lithium treatment

responsiveness.

Methods: We included adult patients with BD-I or II (N = 477 across four

sites) who were treated with lithium as their principal mood stabilizer for at

least 1 year. Treatment responsiveness was defined using the dichotomized

Alda score. We performed hierarchical clustering on phenotypes defined by

40 features, covering demographics, clinical course, family history, suicide

behaviour, and comorbid conditions. We then measured the amount of infor-

mation that inferred clusters carried about (A) BD subtype and (B) lithium

responsiveness using adjusted mutual information (AMI) scores. Detailed
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phenotypic profiles across clusters were then evaluated with univariate

comparisons.

Results: Two clusters were identified (n = 56 and n = 421), which captured

significantly more information about lithium responsiveness (AMI range: 0.033

to 0.133) than BD subtype (AMI: 0.004 to 0.011). The smaller cluster had dis-

proportionately more lithium responders (n = 47 [83.8%]) when compared to

the larger cluster (103 [24.4%]; p = 0.006).

Conclusions: Phenotypes derived from detailed clinical data may carry more

information about lithium responsiveness than the current classification of

diagnostic subtype. These findings support lithium responsiveness as a valid

approach to stratification in clinical samples.
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1 | INTRODUCTION

An estimated 83% of adults with bipolar disorder
(BD) have severe disability and functional impairment.1

Indeed, during the average 12.8 years followed in a longi-
tudinal study, participants were symptomatically ill 47%
of the time.2 Improving treatment outcomes is a priority
for researchers, but advancements are impeded by the
largely unknown etiology of BD. Efforts to understand
the underlying basis of BD have been limited by the clini-
cal heterogeneity of the disorder, and the results of bio-
marker and genetic studies have widely varied.3,4 In
order to reduce the heterogeneity, some suggest identify-
ing subtypes of BD using phenotypic data.5–7

Currently, most countries use either the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5)8 or the International Classification of Diseases,
11th Revision (ICD-11)9 to classify mental disorders. Both
manuals divide BD into two groups: Type I and Type II,
with the former defined by the occurrence of at least one
manic episode, and the latter is defined by both hypoma-
nia and at least one depressive episode. The DSM intro-
duced BD-II with its fourth edition in 1994,10 but the ICD
only recently adopted the dichotomy in 2019.9 Even so,
the assumption that BD-II is a valid clinical diagnosis, of
which the sole differentiating factor is the severity of
mania, remains a point of contention.11,12

The BD-I/II diagnoses originated from the anecdotal
accounts of clinicians who noticed two distinct groups of
hospitalized patients: those experiencing mania, and
those experiencing depressive episodes who had a history
of elevated states (hypomania) that did not require hospi-
talization.13 When the diagnoses were added to the DSM,
it implemented a 4-day cut-off for hypomania, which was
not decided through evidence-based evaluations, but

rather due to concerns of overdiagnosis.13 This arbitrary
cut-off remains a criterion for BD-II diagnosis.8,9 For
mood disorders, the categorical classification method
often results in misdiagnoses. The majority of BD cases
begin with a depressive mood episode,14 which can lead
to an initial diagnosis of major depressive disorder
(MDD).15 It is only once the individual experiences an
elevated mood episode that a diagnosis of BD-I or BD-II
may be given. Aside from duration, the severity of the
episode is used to differentiate hypomania or mania. Spe-
cifically, the presence of psychotic features, degree of

Significant outcomes

• The phenotypic clusters generated from
detailed clinical data were significantly more
informative about lithium treatment respon-
siveness than diagnostic subtype of bipolar
disorder.

• Furthermore, the cluster comparisons revealed
differential response to lithium treatment.

Limitations

• There were varying degrees of missingness
across variables, particularly in the comorbid
conditions, and the distribution of missingness
was unequal between clusters.

• There may be small effects that were not
detected in the univariate comparisons of clus-
ters due to the heterogeneous nature of bipolar
disorder.

• Replication is needed to support the present
study's findings.
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functional impairment, and need for hospitalization are
considered when assessing severity.8 Being hospitalized
qualifies an elevated mood episode as mania. However,
access to psychiatric care varies substantially and often
depends on factors other than clinical needs.16

Still, there is support for the dichotomization of BD I
and II since several phenotypic features segregate across
these subtypes.17–19 Compared to BD-I, individuals with
BD-II exhibit more frequent depressive episodes,20 higher
number of overall mood episodes,21–23 higher prevalence
of rapid cycling,23–25 more anxiety and substance abuse
disorder comorbidities,20,23,26 higher prevalence in
women,20,27 later age of onset,17,20,28 more frequent fam-
ily history of mood disorders,17,28,29 lower incidence of
psychosis,20,21,30 and fewer hospitalizations.17,21,30 In
addition, both BD-I and BD-II are said to “breed true”, as
individuals with BD-I tend to have more relatives with
BD-I, whereas those with BD-II tend to have more rela-
tives with BD-II.31–33 This fact suggests potential genetic
differences between diagnostic subtypes, strengthening
the argument for the BD-I and BD-II divide.

Alternatively, lithium treatment responsiveness has
been proposed as a subtype of BD.34 It is argued that
valid subtypes of BD should have implications for patient
outcomes, particularly treatment response.12 Although
early research regarding response to lithium treatment
and subtype suggested that individuals with BD-II
responded more favourably than BD-I,35 subsequent
studies have reported similar benefits for both subtypes
from common pharmacological treatments including
lithium,36,37 lamotrigine,38 and quetiapine.39,40 In the
absence of differential treatment efficacy, the currently
defined diagnostic subtypes appear to simply describe
two general presentations of BD. Like the diagnostic sub-
types, lithium treatment response is associated with spe-
cific clinical characteristics, wherein individuals who
respond well to lithium treatment tend to have a
completely episodic clinical course and no history of
rapid cycling, compared to those who are poor lithium
responders.41 In addition, lithium response is familial in
nature,42 and ongoing research continues to identify con-
tributing genetic variants.43 There is also evidence of cel-
lular differences related to lithium response, as
demonstrated by the hyperexcitability in hippocampal
neurons derived from induced pluripotent stem-cells of
subjects with BD, where lithium treatment could reverse
this characteristic in the cells of only the lithium
responders.44 Given that these biological and clinical phe-
notypes are associated with contrasting treatment effi-
cacy, lithium responsiveness may serve a more clinically
useful subtype than the BD-I/II classification. On the
other hand, excellent lithium responders are approxi-
mately 30% of the BD population,45 making the majority

of BD patients non-responders. Treatment of lithium
non-responders can be difficult because they often have
more complex clinical profiles, such as having comorbid
conditions, serious functional impairment, and a chronic
course of illness.46 There is evidence suggesting that posi-
tive therapeutic response to lithium and other pharmaco-
logical interventions is more likely in the early stages of
BD, before the illness becomes chronic.36,47 Although,
there are conflicting results reporting no change in
response in later stages of illness.48,49 If the effectiveness
of lithium treatment throughout the progression of BD
varies, its utility as a clinical descriptor is less certain.

Both methods of categorizing BD have their own
merits and support, but stratifying by diagnostic subtype
versus lithium treatment responsiveness has not been
empirically evaluated in clinical data. In practice,
patients present with individual phenotypes that clini-
cians assess to determine the appropriate diagnosis or
classification. While each classification is associated with
specific characteristics, it remains unclear whether phe-
notypic profiles of BD are more informative about the
diagnostic subtype or lithium response. In the proposed
study, clinical profiles were generated from detailed par-
ticipant data using clustering algorithms in order to
determine whether the profiles contained more informa-
tion about diagnostic subtype or lithium treatment
responsiveness.

2 | MATERIALS AND METHODS

2.1 | Data

With patients' informed consent and institutional ethical
approval, we collected data from patients with BD
involved in longitudinal cohorts across four centres.
These included the Mood Disorders Program at Nova
Scotia Health (Maritime Bipolar Registry), the Mood Dis-
orders Program at McGill University Health Centre, the
Mood Disorders Centre of Ottawa, and the former Hamil-
ton Psychiatric Hospital. We have described the clinical
assessment procedure and samples elsewhere.41 Patients
with BD included in the present study were treated with
lithium as their principal prophylactic mood stabilizer for
at least 1 year; the use of additional mood stabilizer medi-
cations was not permitted for the minimum 1-year period
to qualify, but antidepressants and/or antipsychotics
were allowed as adjunct medication, if needed. We chose
to measure prophylactic treatment response due to the
episodic nature of BD and the detrimental impact that
recurrences have on those affected.50

Our clinical phenotypic data included 40 features,
covering demographics, clinical course, family history,
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suicide behaviour, and commonly comorbid conditions
of physical and mental health. Treatment responsiveness
was assessed using the Retrospective Assessment of Lith-
ium Response Phenotype Scale (“Alda scale”).51 This
scale is broken down into two subscales. The “A score”
provides a unidimensional evaluation of overall improve-
ment, and ranges from 0 (no improvement) to 10 (com-
plete response, no recurrences during adequate
treatment, no residual symptoms, and full functional
recovery). The “B score” functions as a five-item penalty
for factors that confound lithium's relationship with
response on the A score. The B items can be scored 0, 1,
or 2 points each. B1 scores the number of episodes
before/off the treatment, where “0” = 4 or more episodes,
“1” = 2 or 3 episodes, and “2” = 1 episode. B2 scores the
frequency of episodes before/off the treatment, where
“0” = average to high, including rapid cycling,
“1” = low, spontaneous remissions of 3 or more years on
average, and “2” = 1 episode only, risk of recurrence can-
not be established. B3 scores the duration of the treat-
ment, where “0” = 2 or more years, “1” = 1 to 2 years,
and “2” = less than 1 year. B4 scores the compliance dur-
ing period(s) of stability, where “0” = Excellent, for
example, documented by drug levels in the therapeutic
range, “1” = good, more than 80% levels in the therapeu-
tic range, and “2” = poor, repeatedly off treatment, less
than 80% levels in the therapeutic range. B5 scores the
use of additional medication during the period of stabil-
ity, where “0” = none except infrequent sleep medication
(1 per week or less); no other mood stabilizers, antide-
pressants, or antipsychotics for control of mood symp-
toms, “1” = low-dose antidepressants or antipsychotics
for control of mood symptoms, and “2” = prolonged or
systematic use of an antidepressant or antipsychotic. The
total Alda score is computed as max(AScore�BScore, 0).
In the present study, we define lithium responsiveness
categorically as an Alda Score of ≥7. This is necessary to
facilitate comparison of empirically derived phenotypic
cluster classes with lithium responsiveness and bipolar
I/II diagnoses. This threshold was previously shown to
have good interrater reliability,51 and using different
thresholds did not change the results in sensitivity analy-
sis. Variable definitions are available in the Supporting
Information.

2.2 | Demographics and sample
characteristics

Feature distributions were summarized across all sub-
jects, as well as stratified separately by (A) bipolar I ver-
sus II diagnosis and (B) lithium responsiveness.
Continuous variables were summarized using means and
standard deviations, and categorical variables as counts

and percentages. Comparison of feature distributions
across strata used K-sample permutation tests for contin-
uous variables, and randomization chi-square tests for
categorical variables. Monte Carlo simulations
(B = 2000) were used with both tests; therefore, the smal-
lest possible p-value was 0.0005 before correction by the
Benjamini-Hochberg method.

2.3 | Clustering analysis

All analyses were conducted in R,52 using the
“tableone”,53 “mice”,54 “cluster”,55 and “aricode”56 pack-
ages. Before imputation, several variables were adjusted.
Episode frequency for each of the lifetime episode vari-
ables (i.e., depressive, (hypo)manic, mixed, multiphasic,
total) was determined as the number of episodes divided
by illness duration (age minus age of onset). Variables
that were excluded from being used as imputers were
age, and any variables associated with lithium treatment
other than the categorical lithium response variable
(ie. all Alda scores, episodes before and while treated
with lithium), to avoid biasing the imputed information
towards lithium response.

Prior to conducting the clustering analysis, the vari-
ables of categorical lithium response and diagnosis (BD-I
or BD-II) were removed, since these variables are the
“ground truth” classes against which cluster assignments
were compared. To ensure that information about lith-
ium response scores would not be included in the feature
set being clustered, the Alda scores, and number of epi-
sodes before and on lithium treatment were excluded.
Due to the mixed nature of our data, Gower's distance
was utilized to calculate dissimilarity,57 and hierarchical
clustering was performed using Ward's linkage method.58

The optimal number of clusters was determined by maxi-
mization of silhouette scores. To identify the degree to
which assigned clusters captured information about lith-
ium responsiveness or bipolar subtype, the assigned clus-
ters were compared to the categorically defined lithium
response and BD-I versus BD-II classification, respec-
tively. This was done using adjusted mutual information
(AMI) scores59 which were calculated to quantify the
amount of information contained in the cluster assign-
ments about diagnosis and lithium response. The AMI
scores were bootstrapped (B = 1000) to generate 95%
confidence intervals (CIs) for all five imputed datasets.

2.4 | Evaluation of phenotypes across
clusters

To evaluate the distribution of phenotypic profiles across
clusters, we performed univariate comparisons of the
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cluster assignments across each feature in our dataset
using the same statistical tests described for the demo-
graphics and sample characteristics. The descriptive sta-
tistics of comparisons across imputed datasets were
pooled according to Rubin's Rules,60 and the Median-P-
Rule61 was used for the reported p-values.

3 | RESULTS

3.1 | Demographics and sample
characteristics

A detailed description of the sample characteristics is
shown in Table 1. Overall, the sample included 477 adults
diagnosed with BD-I (n = 346) or BD-II (n = 131) and
classified as a lithium responder (LiR; n = 150) or non-
responder (LiNR; n = 327). The average duration of lith-
ium treatment for LiRs was 12.5 ± 9.4 years (ranging
from 1 to 38 years), and the average duration for LiNRs
was 1.9 ± 0.4 years (ranging from 1 to 2 years).

When stratified by BD diagnosis type, significant dif-
ferences were observed between groups, after correction.
The age of onset for (hypo)manic episodes was younger
in the BD-I group (M = 28.20 [SD = 10.52]) compared to
BD-II (33.08 [12.64], p = 0.018). The groups significantly
differed regarding clinical course (p = 0.018) with a
completely episodic clinical course being more prevalent
for BD-I (36.2%; BD-II: 22.9%) and chronic clinical course
more prevalent for BD-II (49.5%, BD-I: 28.9%). The
majority of both groups had a depressive polarity of onset
(BD-I: 52.7%, BD-II: 81.7%); however, a (hypo)manic epi-
sode at onset was more common in BD-I (36.9%, BD-II:
15.1%; p = 0.006). A history of rapid cycling was more
prevalent for BD-II (45.4%) compared to BD-I (22.1%,
p = 0.006), while psychosis was more often observed in
the BD-I group (73.6%) than in the BD-II group (17.4%,
p = 0.006). A higher B1 score (0.37 [0.64]) on the Alda
scale was present for BD-I, compared to BD-II (0.19
[0.47], p = 0.022), which corresponds to fewer episodes
experienced before/off lithium treatment for BD-I. Lastly,
the prevalence of migraines was increased for BD-II
(29.9%) than for BD-I (15.6%, p = 0.023).

Significant group effects were evident for lithium
responsiveness as well. Individuals in the LiR group were
older (50.27 [13.65]) in comparison to the LiNRs (45.19
[13.18], p = 0.002). Furthermore, the age of illness onset
was significantly later for LiRs (26.20 [9.05]) than for
LiNRs (23.45 [9.43], p = 0.020). Similarly, the age of the
first depressive episode was older for LiRs (27.87 [9.71])
compared to LiNRs (24.64 [9.75], p = 0.004). LiRs were
more likely to have a completely episodic clinical course
(75.7%), whereas LiNRs generally fit into one of three

categories of clinical course: chronic (39.6%), completely
episodic (22.6%), or episodic with residual symptoms
(34.9%, p = 0.002). In addition to experiencing a later
onset, the frequency of depressive episodes was decreased
in LiRs (0.18 [0.19]) compared to LiNR (0.32 [0.39],
p = 0.002), and a history of rapid cycling was less preva-
lent in LiRs (7.5%, LiNR: 35.2%; p = 0.002). LiRs were
more likely to have a first-degree relative with BD
(36.7%) when compared to LiNRs (25.4%, p = 0.035).
Expectedly, LiRs had significantly fewer episodes when
receiving lithium treatment (0.52 [1.03]) in comparison
with LiNRs (5.32 [7.75], p = 0.002). Finally, generalized
anxiety disorder affected a smaller proportion of LiRs
(14.7%) than LiNRs (33.9%, p = 0.008).

3.2 | Concordance between phenotypic
clusters, bipolar diagnostic subtype, and
treatment responsiveness

The hierarchical clustering analysis determined that the
data fit two clusters (silhouette score range: 0.22 to 0.24).
The AMI scores for lithium responsiveness and diagnos-
tic subtype were computed for all five imputed datasets
(Figure 1). The results consistently demonstrated that the
cluster assignments contained significantly more infor-
mation regarding lithium treatment response compared
to BD type.

3.3 | Distribution of phenotypic profiles
across clusters

The pooled results of univariate comparisons across all
imputed datasets are shown in Table 2. The results of
each individual dataset can be found in Tables S1-S5.

Regarding demographic characteristics, both Cluster
1 (n = 56) and Cluster 2 (n = 421) had similar ages and
sex distributions. There were no significant differences in
diagnosis between clusters. However, individuals in Clus-
ter 1 were more likely to be lithium responders (83.8%)
compared to those in Cluster 2 (24.4%, p = 0.006). Partici-
pants in Cluster 1 had greater clinical improvement while
treated with lithium, indicated by the higher A score
(8.70 [SD = 1.82]) and total lithium score (7.92 [2.56])
compared to Cluster 2 (A score: 5.72 [3.18], p = 0.006;
total score: 3.79 [3.19], p = 0.006). Additionally, Cluster
1 showed lower B1 (0.06 [0.27]), B2 (0.08 [0.30]), and B5
(0.56 [0.66]) scores than Cluster 2 (B1: 0.36 [0.62],
p = 0.007; B2: 0.34 [0.61], p = 0.013; B5: 1.35 [0.84],
p = 0.006), conveying that individuals in Cluster 1 experi-
enced more mood episodes before/off lithium treatment,
had a higher frequency of episodes before/off
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treatment, and did not require the use of additional medi-
cation to manage their symptoms as often as those in
Cluster 2. On the other hand, a history of rapid cycling
was less common in Cluster 1 (7.6%) than in Cluster
2 (29.6%, p = 0.041). Cluster 1 had a higher frequency of
multiphasic episodes (0.05 [0.10]) compared to Cluster
2 (0.02 [0.06], p = 0.021).

Furthermore, Cluster 1 exhibited a higher prevalence
of attention-deficit hyperactivity disorder (ADHD,
84.8%), learning disabilities (50.0%), and head injury
(85.3%) compared to Cluster 2 (ADHD: 4.0%, p = 0.006;
learning disability: 4.2%, p = 0.013; head injury: 25.5%,
p = 0.029). It is important to note, once clustered, Cluster
1 had significantly more missingness in these three vari-
ables than Cluster 2 had. When considering missing
values, Cluster 1 had a higher prevalence of ADHD and
learning disabilities (ADHD: Yes = 8.2%, No = 1.9%,
Missing = 90.0%; learning disability: Yes = 5.0%,
No = 5.0%, Missing = 90.0%) compared to Cluster
2 (ADHD: Yes = 3.7%, No = 87.2%, Missing = 9.1%;
learning disability: Yes = 3.9%, No = 86.8%,
Missing = 9.4%). However, Cluster 1 showed a lower
prevalence of head injury (Yes = 7.1%, No = 1.5%,
Missing = 91.4%) than Cluster 2 (Yes = 19.3%,
No = 56.4%, Missing = 24.4%). Detailed results of vari-
ables for which the clusters largely differed in missing-
ness are available in Table S6.

4 | DISCUSSION

The present study has shown that a data-driven induction
of phenotypic clusters, based on detailed and prospec-
tively verified clinical profiles of patients with BD, iden-
tifies more information about treatment responsiveness
than the BD-I/II subtypes. Furthermore, univariate com-
parisons found differential lithium responsiveness, not
diagnostic subtype, between phenotypic clusters. In the
following, we discuss the differences observed during

preliminary group comparisons, implications of the clus-
tering results, how the findings relate to the current liter-
ature, study limitations, and recommendations for
subsequent research.

Our initial sample stratification by diagnostic subtype
and lithium response revealed several group differences
consistent with prior literature. Participants with BD-I
were more likely to experience psychotic features, a
(hypo)manic polarity of onset, and a younger age at the
first (hypo)manic episode.17 Individuals with BD-II more
often experienced comorbid migraine,62 and were
more likely to have a history of rapid cycling.63 Differ-
ences in clinical course included BD-I being associated
with a completely episodic course or episodic course with
residual symptoms, whereas the BD-II group most often
had a chronic course of illness.64

When stratified by lithium treatment response, LiRs
primarily experienced a completely episodic clinical
course with no history of rapid cycling and a later age of
illness onset.36,65 Responders were also older during their
first depressive episode, which could be explained by the
later age of onset. However, LiRs had less frequent
depressive episodes than LiNRs, aligning with prior
reports.66 Additionally, LiRs were more likely to have a
first-degree relative diagnosed with BD.36 In our sample,
the LiNRs were younger in age at the time of interview,
but neither group differed regarding the duration of ill-
ness. Moreover, LiNRs had a higher prevalence of gener-
alized anxiety disorder when compared to LiRs.67 Finally,
the initial group stratification did not reveal varied lith-
ium treatment response by diagnostic subtype, suggesting
lithium therapy is similarly effective for BD-II as for BD-
I.36,37 These consistencies indicate our sample was com-
parable to the populations described in past studies.

The clustering analysis found the phenotypic profiles
contained differential lithium responsiveness indepen-
dent of diagnostic subtype, suggesting that the subtypes
do not accurately capture the clinical variation in
BD. This is likely a consequence of the diagnostic sub-
types being defined by a single dimension. Considering
the substantial heterogeneity observed with BD, the dis-
similarities between the clusters are likely due to subtle
differences across many variables rather than large effects
from a select few. Instead, the results indicate that the
clinical phenotypes were more informative of lithium
treatment response, meaning lithium response and its
associated features were driving the phenotypic variation
of BD in this case. The effects observed in the B subscale
items suggest that in addition to the greater clinical
improvement from lithium treatment in the predomi-
nantly responder profile, there were fewer confounding
factors related to the number and frequency of mood epi-
sodes before/off treatment and the use of additional

FIGURE 1 Adjusted mutual information of each imputed

dataset for bipolar disorder diagnostic subtype and lithium

responsiveness from clusters.
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TABLE 2 Comparisons across phenotypic clusters.

Cluster 1 (N = 56) Cluster 2 (N = 421) Median p-value

Age 46.91 (14.14) 46.75 (13.44) 0.769

Sex = Female 28.6 (50.9) 247.4 (58.8) 0.930

Diagnosis = BD-I 39.6 (70.5) 306.4 (72.8) 0.861

SES 0.556

Disabled 0.6 (7.0) 89.4 (25.9)

EI 0.2 (2.0) 31.8 (9.2)

Employed 4.6 (67.5) 95.4 (27.7)

Other 0.2 (2.5) 26.8 (7.8)

Retired 1.0 (11.5) 37.0 (10.7)

Social assistance 0.8 (9.5) 46.2 (13.4)

Student 0.0 (0.0) 18.0 (5.2)

Age of onset 25.00 (8.14) 24.21 (9.53) 0.916

Onset depression 27.06 (8.70) 25.41 (9.95) 0.584

Onset (hypo)mania 29.88 (10.48) 29.42 (11.38) 0.742

Illness duration 21.94 (12.40) 22.50 (12.78) 0.869

Clinical course 0.511

Chronic 1.8 (19.5) 133.2 (34.8)

Completely episodic 5.2 (57.1) 122.8 (32.1)

Continuous cycling 0.0 (0.0) 1.0 (0.3)

Episodic with residual symptoms 1.8 (19.6) 117.2 (30.6)

Single episode 0.4 (3.8) 8.6 (2.2)

Frequency of depressions 0.22 (0.30) 0.28 (0.34) 0.564

Frequency of (hypo)manias 0.15 (0.16) 0.24 (0.52) 0.452

Frequency of mixed 0.00 (0.00) 0.01 (0.04) 0.391

Frequency of multiphasic 0.05 (0.10) 0.02 (0.06) 0.021*

Frequency of any episode 0.49 (0.48) 0.59 (0.73) 0.555

Polarity of onset 0.444

Biphasic (D-M) 2.6 (5.1) 8.4 (2.0)

Biphasic (M-D) 3.4 (6.4) 20.6 (5.0)

Depressive 30.6 (58.9) 249.4 (60.8)

Manic 15.4 (29.6) 127.6 (31.1)

Mixed 0.0 (0.0) 4.0 (1.0)

Rapid cycling 2.2 (7.6) 114.8 (29.6) 0.041*

Psychosis 6.4 (32.0) 229.6 (59.8) 0.081

FDR with mood disorder 21.6 (40.7) 213.4 (58.0) 0.181

FDR with BD 18.8 (33.4) 119.2 (28.3) 0.679

Total FDR 6.18 (3.54) 6.07 (3.45) 0.951

Episodes pre-lithium 4.05 (NA) 6.15 (8.02) 0.554

Episodes on lithium 4.22 (3.51) 4.28 (7.19) 0.851

Lithium response = Responder 47.2 (83.8) 102.8 (24.4) 0.006*

Lithium A score 8.70 (1.82) 5.72 (3.18) 0.006*

Lithium B1 score 0.06 (0.27) 0.36 (0.62) 0.007*

Lithium B2 score 0.08 (0.30) 0.34 (0.61) 0.013*

(Continues)
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medications during treatment. While an overall differ-
ence of lithium treatment response was found, it is
important to stress that both clusters contained a mixture
of responders and non-responders. The distribution of
LiRs and LiNRs per cluster likely contributed to the lack
of effect found in certain variables such as the number
of episodes during lithium treatment, which was present
in the sample stratification by lithium responsiveness but
absent in the phenotypic cluster comparisons. Other sig-
nificant differences between clusters included the history
of rapid cycling and the frequency of multiphasic epi-
sodes. The univariate comparisons of clusters revealed
disproportionate prevalence of comorbid ADHD, learning
disabilities, and head injury. Specifically, the cluster con-
taining significantly more LiRs had increased prevalence
of these conditions, which contradicts the typical clinical

profiles observed in individuals who respond well to lith-
ium treatment.68 When accounting for the missingness in
the head injury variable, the prevalence was lower for
Cluster 1, while comorbid ADHD and learning disability
remained more prevalent. Further investigation revealed
that the occurrence of ADHD and learning disability in
Cluster 1 was entirely attributed to the small number of
LiNRs. In fact, only two responders of the whole sample
had either condition, and those individuals were part of
Cluster 2.

Overall, our results demonstrate that lithium respon-
siveness has promise as a method for reducing sample
heterogeneity in BD. This is supported by evidence of a
biological basis,44 as well as the intrinsic validity of treat-
ment response as a subtype.12 Even so, it is important to
recognize that the diagnostic subtypes are not entirely

TABLE 2 (Continued)

Cluster 1 (N = 56) Cluster 2 (N = 421) Median p-value

Lithium B3 score 0.06 (0.31) 0.26 (0.59) 0.075

Lithium B4 score 0.04 (0.23) 0.19 (0.50) 0.097

Lithium B5 score 0.56 (0.66) 1.35 (0.84) 0.006*

Lithium total score 7.92 (2.56) 3.79 (3.19) 0.006*

Suicide attempts 0.34 (0.67) 0.55 (1.14) 0.606

Suicide ideation 12.0 (52.1) 159.0 (45.7) 0.511

Social anxiety 3.4 (61.1) 76.6 (20.1) 0.190

Panic disorder 1.6 (8.4) 83.4 (21.1) 0.433

Generalized anxiety 4.2 (58.7) 112.8 (29.6) 0.457

OCD 0.6 (3.4) 37.4 (9.5) 0.631

Substance abuse 6.2 (26.6) 123.8 (31.1) 0.708

ADHD 4.6 (84.8) 15.4 (4.0) 0.006*

Learning disability 2.8 (50.0) 16.2 (4.2) 0.013*

Primary insomnia 2.6 (36.7) 45.4 (11.9) 0.264

Personality disorder 1.4 (28.6) 50.6 (13.3) 0.490

Diabetes 1.4 (29.9) 36.6 (10.0) 0.430

Hypertension 0.6 (9.0) 57.4 (15.8) 0.861

Menstrual abnormality 1.9 (6.0) 60.2 (16.6) 0.266

Thyroid disease 4.2 (73.0) 109.8 (30.3) 0.118

Head injury 4.0 (85.3) 81.0 (25.5) 0.029*

Migraine 3.6 (57.3) 65.4 (18.8) 0.263

Note: Pooled results from all datasets. Categorical variables reported as N (%) and continuous variables reported as Mean (SD). Counts may be decimal
numbers as the result of pooling. Corrected for multiple comparisons using the Benjamini-Hochberg method. Smallest possible p-value before correction was

0.0005. Frequency of episode variables are the number of specified episodes divided by years of illness.
Abbreviations: BD-I, bipolar I disorder; BD-II, bipolar II disorder; Li, lithium; LiNR, lithium non-responder (Li total score <7); LiR, lithium responder (Li total
score); (hypo)mania, includes both hypomania and mania; SES, socioeconomic status; Biphasic (D-M) or (M-D), biphasic mood episode depressive to (hypo)
manic or (hypo)manic to depressive, respectively; FDR, first-degree relative; OCD, obsessive-compulsive disorder; ADHD, attention deficit hyperactivity

disorder; Lithium A score, measure of clinical improvement; Lithium B1 score, number of episodes before/off the treatment; Lithium B2 score, frequency of
episodes before/off the treatment; Lithium B3 score, duration of the treatment; Lithium B4 score, compliance during period(s) of stability; Lithium B5 score,
use of additional medication during the period of stability.
*Corrected-p < 0.05.
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without value. In practice, the BD subtype can serve as a
heuristic for clinicians such as when determining the
appropriate treatment, since individuals with BD-II are
less likely to experience antidepressant-induced (hypo)
mania, compared to persons diagnosed with BD-I.69

Moreover, the BD-II diagnosis may act as a reminder to
clinicians to assess for possible history of hypomania
when an individual presents with depressive symptoms,
therein reducing the population with BD who are mis-
diagnosed and incorrectly treated for unipolar
depression.70

Our study's primary limitation was the degree of miss-
ingness in the clinical data. In particular, the comorbid
conditions exhibited a substantial amount of missing
information, with up to 32% missing. We employed strat-
egies to minimize the impact of missing data, including
performing multiple imputation by chained equations
which has been shown to reliably manage even greater
amounts of missingness.71,72 Also, we repeated the impu-
tation and clustering analysis at several thresholds of the
percent of missing values per variable to demonstrate
the stability of the AMI results (Figure S1). Nonetheless,
there remains the possibility of bias. Furthermore, we
were unable to utilize additional datasets to increase our
sample size due to between-site heterogeneity that has
previously been shown to complicate analyses of pheno-
typic predictors of lithium responsiveness.41,73 The objec-
tive of the study was to compare the validity of
stratification by diagnostic subtype or lithium treatment
responsiveness within our sample. Hierarchical cluster-
ing emerged as the most suitable method for our analysis,
based on factors such as the ability to analyze mixed
data,74,75 robustness to noise and outliers,76 and perfor-
mance in smaller samples.75 However, because the
results from hierarchical clustering cannot be extrapo-
lated to external samples, it is crucial to replicate these
findings in a well-characterized dataset for validation.

Traditionally, researchers have focused on single
traits and predictors rather than a more comprehensive
examination of BD, partly due to limited data collection.
This narrow approach to BD research neglects the reality
that an individual's phenotype is composed of many
interconnected traits within a complex network, and that
a comprehensive understanding of the phenotypic spec-
trum of BD may require modelling small differences
across many features. Fortunately, there is growing rec-
ognition of the need for a more thorough understanding
of the disorder. To facilitate in-depth research, more
extensive data collection is required, along with the
development of standardized procedures for the clinical
information to reduce information bias caused by
between-site heterogeneity.77 With larger detailed data-
sets, investigators may consider characterizing the

phenotypic landscape in a continuous framework,
instead of relying solely on categorical classification. An
emphasis on elucidating the correlation structure across
all features of BD and unravelling the network of clinical
traits could offer more realistic and powerful representa-
tions, which empower us to map out the phenotypic
landscape of BD. Additionally, it is essential to explore
treatment response beyond lithium therapy and to collect
more extensive, longitudinal data to illustrate any change
in clinical course and outcomes as the result of various
treatments. Subsequent studies could leverage family
data, wherein relatedness can serve a tool to discern sub-
groups with a potential genetic basis.

Thorough phenotypic characterization is crucial for
enhancing our comprehension of BD. Identifying sub-
types will allow researchers to reduce heterogeneity in
samples, making it easier to examine genetic and biologi-
cal factors associated with particular phenotypes, and the
underlying mechanisms and etiology of BD overall. These
subtypes could provide predictive value for clinical prac-
tice regarding the course of illness and efficacy of specific
treatments, leading to improved illness management and
prognosis. In summary, a broader strategy is needed to
account for and capture the heterogeneity of BD, and
to facilitate impactful results with implications for
researchers and clinicians.
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