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ABSTRACT 

 

Background: 
Despite thorough and validated clinical guidelines based on bipolar disorders subtypes, large 

pharmacological treatment heterogeneity remains in these patients. There is limited 

knowledge about the different treatment combinations used and their influence on patient 

outcomes. We attempted to determine profiles of patients based on their treatments and to 

understand the clinical characteristics associated with these treatment profiles. 

 

Methods: 
This multicentre longitudinal study was performed on a French nationwide bipolar cohort 

database. We performed hierarchical agglomerative clustering to search for clusters of 

individuals based on their treatments during the first year following inclusion. We then 

compared patient clinical characteristics according to these clusters.  

 

Results: 
Four groups were identified among the 1795 included patients: group 1 

(“heterogeneous” n=1099), group 2 (“lithium” n= 265), group 3 (“valproate” n=268), and 

group 4 (“lamotrigine” n=163). Proportion of bipolar 1 disorder, in groups 1 to 4 were: 

48.2%, 57.0%, 48.9% and 32.5%. Groups 1 and 4 had greater functional impact at baseline 

and a less favorable clinical and functioning evolution at one-year follow-up, especially on 

GAF and FAST scales.  

 

Limitations: 
The one-year period used for the analysis of mood stabilizing treatments remains short in the 

evolution of bipolar disorder. 

 

Conclusions: 
Treatment profiles are associated with functional evolution of patients and were not clearly 

determined by bipolar subtypes. These profiles seem to group together common patient 

phenotypes. These findings do not seem to be influenced by the duration of disease prior to 

inclusion and neither by the number of treatments used during the follow-up period. 

 

 

 

KEYWORDS:  
Bipolar disorder, maintenance treatment, mood stabilizers, unsupervised machine learning, 

functioning.   
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INTRODUCTION 
Bipolar disorders (BD) are classified according to a clinical spectrum predominantly 

represented by bipolar 1 disorder (BD1) and bipolar 2 disorder (BD2). Fluctuations in energy 

and mood state are core features of this chronic disease (Grande et al., 2016; Vieta et al., 

2018). BD affect daily functioning and quality of life of people who suffer from it, mainly 

because of their early onset, the severity of the disease and the recurrence of episodes.  

 

Acute treatment of mood relapses is essential, but because of the chronic nature of bipolar 

disorder, attention should also be emphasized on maintenance treatment (Carvalho et al., 

2020). Most patients with BD will require mood stabilizers as the basis of the maintenance 

treatment (Yatham et al., 2018). Despite the emergence and development of new mood 

stabilizers since the 1960s, lithium remains the treatment of choice for maintenance therapy 

because of its efficacy in reducing the risk of relapses and recurrences (especially manic 

episodes) and its ability in maintaining sustained periods of remission (Bauer, 2020; Hayes 

et al., 2016; Post, 2018; Tondo et al., 2019). However, the use of second generation 

antipsychotics, as mood stabilizers, remains very common in clinical practice (Rhee et al., 

2020). 

 

Usually, the clinician will choose among several maintenance treatments proposed in the 1st 

and 2nd line options according to practice guidelines (Yatham et al., 2018). Even when the 

clinician knows the bipolar subtypes accurately, they will proceed by a trial-and-error 

approach until they find a treatment that is effective and well tolerated by the patient (Alda 

and Manchia, 2018). This period can be very long and may bring consequences for the patient 

and substantial costs for the society (Grande et al., 2016). Also, it is surprising that, despite 

established treatment guidelines and known epidemiological factors predisposing to a good 

clinical response, it remains very difficult to individualize treatment. In this regard, there is 

great heterogeneity (López-Villarreal et al., 2019; Sarrazin et al., 2018; Wolfers et al., 

2018) among patients in terms of their clinical evolution, beyond the subtypes of bipolarity, 

but also in terms of their treatments (Bauer et al., 2018; Bauer et al., 2013). Usually, for one 

given patient, different treatments are tried and more often, in combination (Bauer et al., 

2013; Fornaro et al., 2016). In this context, it is mandatory to understand the treatment 

choices made by clinicians, in real clinical practice, and to figure out the rationale behind 

these choices. To date, few studies have succeeded in determining the prescribing patterns of 

clinicians treating bipolar patients.  

 

In order to further understand the patient’s treatment heterogeneity, some statistical methods 

are better suited to explore this variability (Passos et al., 2019a). More precisely, data mining 

methods render possible understanding of complex data from large datasets, through 

computer and statistical methods (Iniesta et al., 2016). Rather than proposing a hypothesis 

and verifying it with traditional statistical tests, data mining let the data speak by themselves 

(Passos et al., 2019b). Conventional methods are hypothesis-based and not designed to 

manage different variables from diverse modalities simultaneously (Menke, 2018). Machine 

learning has been used, in the last decade, for almost all psychiatric disorders. However, to 

date no study has attempted to find, in bipolar disorder, the different patterns of treatments, in 

a naturalistic way.   

 

By using a large cohort of patients suffering from bipolar disorder in France, we tried to 

determine if groups of patients’ profiles could be formed based on their treatments or 

combination of treatments, within a one-year period. Following this, the objective was to 

compare this new classification with the current bipolar subtypes classification.  
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MATERIAL AND METHODS 

Study design 
This multicentre longitudinal study was based on the patient database from FondaMental 

Advanced Centres of Expertise for Bipolar Disorders (FACE-BD) cohort. This cohort has 

been fully described elsewhere (Godin et al., 2020; Henry et al., 2015; Henry et al., 2011; 

Henry et al., 2017). We searched for clusters of individuals based on their treatments during 

the first year following inclusion. We then compared the patient’s baseline characteristics and 

one-year follow-up according to these clusters. We similarly compared the patients according 

to the usual bipolar subtypes. 

 

Setting 
The FACE-BD cohort recruited patients from a national network of 12 expert centres in 

France, set up by the French FondaMental Foundation (www.fondation-fondamental.org). 

General practitioners and psychiatrists referred outpatients with bipolar disorders to these 

Expert Centres. Recruitment started in June 2008. We extracted the data on 02/04/2019. The 

FACE-BD cohort includes a follow-up at 12, 24 and 36 months (respectively V12, V24 and 

V36).   

 

The assessment protocol, including a letter of information for patients, was approved by the 

institutional review board (CPP-Ile de France IX, January 18th, 2010), in accordance with 

French laws for non-interventional studies. Anonymized data are stored in a national database 

that was approved by the French body overseeing the safety of computerized databases 

(Commission Nationale de l’Informatique et des Libertés, DR-2011-069).  

 

Participants 

Inclusion criteria for our study included an evaluation in one of the Expert center at baseline 

and at least one follow-up visit, a diagnosis of bipolar disorder and ambulatory patients 

between 18 and 65 years old. The criteria for non-inclusion were having a schizophrenia 

spectrum and other psychotic disorder diagnosis. 

 

Variables 
The structured clinical interview for DSM-IV Axis I disorders (SCID) (First, 1996) was used 

for the diagnosis of bipolar disorders, as well as bipolar subtypes. We calculated days on 

treatment during the first year for each active ingredient. Hence, each patient can have up to 

365 days on treatment for each active ingredient. Evaluation of patients at inclusion and V12 

used clinical evaluation and biological measurements. Clinical evaluation at inclusion and 

V12 included characterisation of mood episodes within last year and questionnaires. Clinical 

evaluation at inclusion also included characterisation of mood episodes within lifetime. We 

evaluated the mood using the Montgomery and Asberg Depression Rating Scale (MADRS) 

(Montgomery and Asberg, 1979), the Young Mania Rating Scale (YMRS) (Young et al., 

1978), the Quick Inventory of Depressive Symptoms 16 items (QIDS-SR16) (Rush et al., 
2003) and the Altman Mania Rating Scale (AMRS) (Altman et al., 1997). We evaluated the 

global functioning using the Global Assessment of Functioning (GAF) (Endicott et al., 1976) 

and the Functioning Assessment Short Test (FAST) (Rosa et al., 2007). We assessed the 

severity of the disease using the Clinical Global Impression—Severity scale (CGI-S) (Guy, 

1976). We assessed the quality of sleep using the Pittsburgh Sleep Quality Index (PSQI) 

(Buysse et al., 1989). At inclusion, we evaluated childhood trauma using the Childhood 
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Trauma Questionnaire (CTQ) (Bernstein, 1998) and childhood symptomatology of ADHD 

using the Wender Utah Rating Scale (WURS) (Ward et al., 1993). We evaluated adherence 

to pharmacological treatment using the Medication Adherence Rating Scale (MARS) 

(Misdrahi et al., 2004) and side effects of treatments using the Patient Rated Inventory of 

Side Effects inventory (PRISE-M) (Rush, 1999). Biological measurements at inclusion and 

V12 were creatinine, HDL, LDL, total cholesterol, triglycerides, ASAT, ALAT, fasting blood 

sugar, platelets, TSH, T3 and T4. 

 

Data sources/measurement 
Expert Centres filled up the data through a web application, e-bipolar©. Clinicians reported 

all treatments received. We then computed the days on treatment for each active ingredient 

during the first year following inclusion. The QIDS-SR16, AMRS, PSQI, PRISE-M, MARS, 

WURS and CTQ were self-administered. The clinician administered the MADRS, YMRS, 

FAST, CGI-S and GAF. 

 

Statistical methods 
The available data determined the sample size.  

We analysed the quantitative variables without modification. We performed hierarchical 

agglomerative clustering to understand patterns of treatments for bipolar patients. The 

features we used to classify the patients were the days on treatment for each active ingredient 

present in the dataset during the first year following the inclusion. The distance metric was the 

squared Euclidean distance. We used Ward’s agglomerative methods. We chose the number 

of clusters using the visual analysis of the dendrogram associated to the hierarchical 

agglomerative clustering and the interpretability of the groups. We then compared the clinical 

outcomes between the identified clusters. We used Chi-squared tests for categorical outcomes 

if all expected frequencies of the contingency table were higher than 5, else we used Fisher’s 

exact test. We used ANOVA for continuous outcomes. For continuous outcomes at one-year 

follow-up, if the value at inclusion was available, we used ANCOVA instead of the ANOVA, 

to account for the inclusion value. We performed the same analysis for bipolar subtypes 

comparisons. All tests were bilateral, with a first-type error level of 0.05. As the purpose of 

this paper is to describe patient profiles, we did not correct for multiple testing. However, we 

provide all calculated p-values for transparency. We did not impute missing data and 

performed the analysis for complete cases only. We performed all analysis using R software 

version 3.6.3. As a post-hoc analysis, we compared the ANCOVA for the FAST scale using 

either the bipolar subtypes or the clusters using Akaike Information criterion (AIC). The 

lowest the AIC, the better the model explains the data. 

RESULTS 
3302 patients have been included in the FACE-BD cohort since the implementation of expert 

centers in France. 1494 patients were lost to follow-up after one year. 1808 patients were 

retained. Thirteen patients were excluded because they had inconsistent treatment dates. A 

total of 1795 patients were analyzed.  

 

Patients within the study population had a median age of 41 years and consisted of 60.5% 

females and 39.5% males. Diagnosis of bipolar 1 was found in 865 patients, bipolar 2 in 764 

patients and bipolar NOS in 166 patients. A proportion of 81.7% of the patients were referred 

to expert centers by a psychiatrist. Median age at first psychotropic treatment was 25-year-old 

and 21 at first mood episode. At baseline visit, 29.7% of patients had a current episode. In the 

last year before inclusion, 39% had been hospitalized at least once. At baseline, 69.9% of 

patients declared having complete remission between episodes. At inclusion, 39.5% of 
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patients had attempted suicide in their lives. Results for the total included population can be 

found in Table 1 and supplementary material. 

 

We found 117 different treatments in the database. Among these, 107 treatments were used by 

less than 5% of the study cohort during the first-year follow-up. The 10 others were: lithium 

(36.2%), valproate (30.1%), lamotrigine (20.7%), quetiapine (15.1%), aripiprazole (13.5%), 

venlafaxine (11.5%), escitalopram (7.9%), olanzapine (6.2%), alprazolam (6.2%), 

cyamemazine (6%). When these treatments were used, this was for more than 300 days 

throughout the study period (see complete data of treatment in supplementary material) for 

more information). Information regarding the other treatments can be found in supplementary 

material. 

 

Main results 

Hierarchical ascendant clustering 

Hierarchical ascendant clustering (HAC) was performed with 117 treatments. The resulting 

dendrogram is represented in Figure 1. 

 

At the dendrogram level, a cluster stood out from the classification immediately. This group 

had a significantly different treatment profile compared with the other groups established, 

even after several divisions in the number of patients. This is followed by other divisions in 

the dataset. Overall, four groups were selected for their size and clinical relevance and by 

using the Calinski function on RStudio. That method initially suggested that we should 

choose between 2 clusters. However, this choice of cluster was purely statistical and had no 

clinical relevance as we would end up with a group of 1530 patients and 265 patients. 

Subsequently, in order to be as comprehensive as possible but also keeping in mind the 

clinical perspective, Calinski function suggested that the optimal division choice was 4 

clusters. This division in four groups is represented by the red line on the Dendrogram Cluster 

(Fig 1). 

 

The first group in the classification represented 1099 out of 1795 included patients. The 

treatments received during one year in this group were mainly: lithium (27.8%), valproate 

(24.3%), quetiapine (18.1%) and aripiprazole (15.7%). Group 2 was the one that stood out to 

the right during the first division of the dendrogram and consisted of 265 patients. The 

treatments received during one year in this group were mainly: lithium (99.2%), lamotrigine 

(23.4%) and venlafaxine (17%). Group 3 consisted of 268 patients and the main treatments 

were mainly valproate (88.4%), venlafaxine (33.2%) and lithium (18.3%). Group 4 consisted 

of 163 patients. The treatments received during one year in this group were mainly: 

lamotrigine (93.9%), quetiapine (27.6%) lithium (19.6%) and aripiprazole (17.2%) (see 

Figure 2). In the rest of the paper, we will refer to group 1 as “heterogeneous”, group 2 as 

“lithium”, group 3 as “valproate” and group 4 as “lamotrigine”. (Figure 2 and Table 2.1) 

 

Clinical description according to clusters (Tables 2.2 and 2.4) 

Group “heterogeneous” had a higher proportion of BD1 (48.2%) versus BD2 (41.8%). 

Group “lithium” was formed by a higher proportion of BD1 (57.0%) while there was a higher 

proportion of BD2 (57.1%) in the group “lamotrigine” compared with the other groups. The 

median age was higher (43 [34.8; 53]) in group “valproate”. There was no statistically 

significant difference in the type of referring doctors, as well as in the occupational status of 

the different patients from the individualized groups. The first three groups had received a 

similar number of treatments in the year of follow-up (median =2). Group 4 had used more 
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treatments during the year of follow-up (median=3). Duration of disease prior to inclusion 

was comparable in the first three groups (median=15 years) except in the “lamotrigine” group 

with a median of 14 years. 

 

Groups “heterogeneous” and “lithium” started psychotropic treatment at a younger age than 

other groups. At first episode, patients were older in group “valproate” (23 [18; 31]). At the 

lifetime assessment level, patients in all groups had at least one MDE in greater proportion 

compared to other types of mood episodes. Group “lithium” had a higher proportion of 

patients who had at least one-lifetime manic episodes (53.1%) as well as manic episodes with 

psychotic characteristics (39.8%). There was a higher proportion of rapid cycles in the 

group “lamotrigine” (28.5%). There was no statistically significant difference between groups 

in the number of patients hospitalized at V12. At the initial visit, patients had mainly MDE in 

the past year compared with other types of episodes. Also, the group “lithium” had more 

manic episodes with (15.2%) and without (22.1%) psychotic characteristics in the last year, at 

the initial visit. There was no statistically significant difference in patients who already 

attempted suicide between the different clusters established at the initial visit and at V12. The 

proportion of patients with a current episode, at V12, decreased in all groups compared to the 

initial visit. 

 
Self-administered questionnaire (Table 2.3) 

On the QIDS-SR16 questionnaire at the initial visit, group “lamotrigine” had a higher score 

(11 [6; 16]) and was in the moderate depression category (11–15). The decrease in depressive 

symptoms was greater in this same group at V12 (6 [4; 12]). On the ALTMAN scale, the four 

clusters had a score of less than 5 and indicated a low probability of a manic or hypomanic 

episode, at both initial and follow-up visits. On the PSQI scale, the scores of each cluster at 

the initial visit exceeded the threshold of more than 5 indicating sleep problems for most 

patients. On the WURS scale, the median score of patients in all subtypes was less than 46, 

suggesting the absence of ADHD in childhood. Side effects were assessed using the PRISE-M 

scale on a range of 0 to 62 (62 corresponding to a maximum of side effects). 

Groups “heterogeneous” (12 [6; 19]) and “lamotrigine” (13 [6; 19.8]) had more side effects 

from their treatment than groups “lithium” and “valproate”. Adherence to treatment was 

similar across all clusters according to MARS scale. 

 
Clinician administered scale (Table 2.3) 

On the MADRS scale, patients in groups “lithium” and “valproate” had a lower score, while 

patients in groups “heterogeneous” and “lamotrigine” had greater depressive symptoms, both 

at baseline and V12. All groups showed an improvement between baseline and V12. Based on 

YMRS scale, patients had no hypomanic/manic symptoms at either V0 or V12. 

 

All groups had functional impairment on the FAST scale at baseline. A score of 12 or more 

indicated problems with functioning in daily life. Group “lamotrigine” had a higher median 

score (22 [12.8; 29]) than other clusters. At V12, group “lithium” had the lowest scores on the 

FAST scale (10 [3; 22]), and more than 50% of them did not have functioning impairment. As 

well, group “valproate” had a median score of (12 [3; 23]) in the lower portion of the 

diagnostic threshold for functional problems on this scale. For the treatment profiles 

classification, the AIC was 9253 for the ANOVA at V0 and 6957 for the ANCOVA at V12. 

For bipolar subtypes classification, the AIC was 9258 for the ANOVA at V0 and 6960 for the 

ANCOVA at V12. This indicates that treatment profiles better explain the FAST at baseline 

and its evolution at V12 than bipolar subtypes. 
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On the CGI scale, most patients were in the mildly-ill category, both at baseline and V12, in 

all clusters. At V12 only group “lithium” had changed category with a median score of 2 [1; 

4] indicating the category “borderline mentally ill”. On the Global Assessment of Functioning 

Scale [GAF] at V0, there were more patients in the 100-71 category [absent or transient 

symptoms] and 70-51 [mild symptoms of moderate intensity] with no statistically significant 

difference between groups established. At V12, Group “lithium” patients had a higher 

proportion in category 71–100 GAF [59.2%], and a lower proportion in the category 50-0.  

 
Psychiatric and somatic comorbidities (Table 2.5) 

There was a higher proportion of comorbid anxiety disorders in cluster “lamotrigine” 

(51.6%), as well as feeding and eating disorders [30.7%]. At the somatic level, there was a 

higher proportion of hypertension (11.6%) and hair loss (20.8%) in group “valproate”. 

However, there was a higher proportion of thyroid disease (17.4%) in the 

group “lamotrigine”. There was no clinically relevant difference between clusters according 

to the BMI level. 

 

Biological parameters 
There was no clinically relevant difference in blood parameters between the different groups.  

 

DISCUSSION 

Key results 
Our study demonstrated that hierarchical ascending classification categorized patients 

according to different pharmacological treatment profile. In fact, four groups were identified, 

from the treatments they received, over a period of one year: group “heterogeneous”, 

group “lithium”, group “valproate” and group “lamotrigine”. Groups “heterogeneous” and 

“lamotrigine” had a more pronounced depressive symptomatology and greater functional 

impact, at baseline, compared with groups “lithium” and “valproate”. Despite this difference 

already existing at baseline between the 4 groups, group “lithium” and group “valproate” had 

a more favourable evolution based on different clinical scales, especially the ones measuring 

functioning (GAF, FAST). Moreover, these findings do not seem to be influenced by the 

duration of disease prior to inclusion and neither by the number of treatments used during the 

follow-up period.  

 

This new classification seems to demonstrate clinical relevance. In fact, patients in 

group “lithium” were functioning better. Furthermore, these treatment clusters were formed 

beyond classical bipolarity subtypes. Treatments received during the one-year period, either 

in mono or polytherapy, seemed to further explain the functional evolution of the patients 

during this one-year follow-up.  

 

Strengths 
We obtained data from all patients (1795 patients) followed in FondaMental Academic 

Centres of Expertise for Bipolar Disorders, in France. This brings us results, with an 

interesting scope, since they reflect a population of specialized clinics, across a whole 

country. This is even more relevant, since randomized controlled clinical trials sometimes 

struggle to include population that reflects the clinical reality (Vieta et al., 2018). Moreover, 

data obtained for each patient were exhaustive (self-administered scales, clinician-

administered scales, blood tests, etc.). Also, the methods used (data mining) made possible the 

exploitation of a large data set and allowed to find relevant links between these same data. 
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Finally, using individualized drugs instead of drug classes permitted to exploit the data set 

without any boundary. 

 

Interpretation  
Based on results obtained, treatment used over one-year period seems to better predict 

functional prognosis than bipolar subtypes. Previous literature highlighted the differences in 

terms of functional evolution for bipolar disorder subtypes 1 and 2 (Yatham et al., 2018). 

Beyond bipolarity subtypes, patients predominantly treated with lithium in our cohort during 

one-year follow-up, were doing better than all other patients in other clusters. Beyond clinical 

scores, which were all improved in all clusters, functioning in group “lithium” was improved 

in a clinically relevant way and also in a statistically significant manner. This finding is 

consistent with what is stated by some authors about the place that lithium should deserve in 

BD1 and BD2 patients (Tondo et al., 2019); this adding up to lithium’s potential 

neuroprotective effects (Hozer et al., 2020). This is even more important since functioning is 

a therapeutic target which has been lately studied, even in euthymic patients with BD (Léda-

Rêgo et al., 2020; Sole et al., 2018). 

 

Treatment of bipolar disorders is heterogenous in clinical practice (Bauer et al., 2013) as 

shown by the use of several mood-stabilizing treatments. In the same way, for more than half 

of the patients it was difficult, according to our methodology, to group them solely based on 

treatment. These patients were clustered in group “heterogeneous” (n=1099). This strong 

heterogeneity is in itself a reality, but could it be a different phenotype of the disease or a sign 

of the non-systematic use of first-line drugs by clinicians?   

 

Side effects associated with lithium and valproic acid intake are often a hindrance for 

clinicians in their daily practice. However, our study shows fewer side effects in groups that 

had many patients treated with these drugs (groups “lithium” and “valproate”), compared with 

groups “heterogeneous” and “lamotrigine”. In addition, renal, metabolic and thyroid blood 

tests were comparable in all four groups. Given our current results, concerns about side 

effects associated with lithium do not seem to be that justified compared to other treatments 

although based on the short maintenance period. 

 

The profiles formed according to the treatments seem to group together common patient 

phenotypes. Could this additional classification explain common pathophysiological 

mechanisms? This way of conceptualizing bipolar disorders, which is different from the 

current classification is being studied by other groups (Fuente-Tomas et al., 2019; 

Tamminga et al., 2017).   
 

Limitations 
One of the major limitations of the study remains the duration of the analysis. Indeed, the one-

year period under mood stabilization remains short in the course of bipolar disease. In 

addition, drug dosage was not taken into account in our study in order to form different 

clusters. Previous treatment section prior to inclusion had a high rate of missing data 

potentially due to recall bias, which limited this data analysis. Also, patients could be 

recruited at any stage of the illness in our study. Nevertheless, the duration of illness prior to 

inclusion didn’t have an impact on our results. In fact, the duration of illness prior to inclusion 

in our new clusters was very similar. Also, non-pharmacological treatment section of the 

database was not thoroughly documented, such as psychotherapy. Moreover, combination of 

pharmacological and non-pharmacological treatments would have been very useful to better 

understand the impact of combining these two approaches. In addition, due to missing data 
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regarding the total number of thymic episodes, patient polarity index was not calculated. 

Based on the chosen methodology and our database, all the reasons behind clinician’s choice 

for maintenance treatment were not exhaustively available for analysis. Unsupervised 

machine learning does not have the same aim as a randomized controlled trial (RCT). In fact, 

it can help revealing new findings among clinical data from patients we encounter in daily 

practice. Moreover, it can generate a hypothesis which can be further explored through RCTs. 

In that sense, these results remain exploratory and should therefore be interpreted with 

caution. Despite these limitations, observational studies are well known for their 

nonrestrictive inclusion criteria and to be more representative of real-life patients followed up 

in specialized clinics. 

 
In conclusion, treatment profiles were associated with functional evolution of patients and 

were not clearly determined by bipolar subtypes. These findings do not seem to be influenced 

by the duration of disease prior to inclusion and neither by the number of treatments used 

during the follow-up period. This sheds light on future research to better understand these 

specific phenotypes beyond bipolar subtypes defined by the DSM-5. An additional question 

would be to determine what factors predict accurately the odds to be part of one group or 

another at baseline visit. Our findings encourage the use of supervised machine learning 

approaches to better predict the clinical response, functional evolution and side effects to 

different treatments.   
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Table 1: Subtypes of bipolar disorder  
 

Name of variable Type 1 Type 2 NOS Total population p value 

 n (%) or median [Q1; Q3]  

N 865 764 166 1795  
Age 39 [31; 48] 43 [33; 52] 44.5 [33.2; 54] 41 [32; 50] 8.6 x 10-7 

Gender     8.9 x 10-3 

Woman 492 (56.9) 490 (64.4) 102 (61.4) 1084 (60.5)  

Men 372 (43.1) 271 (35.6) 64 (38.6) 707 (39.5)  

Referring doctor      2.5 x 10-4 

Psychiatrist 676 (86.1) 551 (77.8) 119 (76.8) 1346 (81.7)  

General practionner 70 (8.9) 113 (16.0) 25 (16.1) 208 (12.6)  

Other 39 (5.0) 44 (6.2) 11 (7.1) 94 (5.7)  

Education level (years) 15 [12; 17] 14 [12; 16] 14 [11; 16] 14 [12; 17] 1.1 x 10-3 

Occupational status      4.7 x 10-1 

Active 429 (57.3) 413 (60.7) 88 (62.0) 930 (59.2)  

Unemployed 152 (20.3) 124 (18.2) 21 (14.8) 344 (21.9)  

Other 168 (22.4) 143 (21.0) 33 (23.2) 297 (18.9)  

Age at first psychotropic treatment V0 24 [19; 31] 27 [20; 37] 25.5 [20; 35.8] 25 [20; 34] 6.5 x 10-10 

Age at first episode 21 [17; 27] 22 [17; 30] 22 [17; 31.5] 21 [17; 29] 1.1 x 10-3 

Duration of illness before V0 15 [8; 23] 15 [9; 25] 16 [8; 27] 15 [8; 24] 3.37 x 10-2 

Number of treatments received during one-year follow-up 2 [1; 3] 2 [1; 3] 2 [1; 3] 2 [1; 3] 1.27 x 10-1 

Actual mood episode      

V0 216 (25.6) 249 (33.5) 53 (33.3) 518 (29.7) 1.5 x 10-3 

At least one hospitalization       

V0 303 (50.1) 157 (28.4) 36 (31.6) 496 (39.0) 9.2 x 10–14 

Complete remission between episodes V0 532 (73.1) 429 (66.2) 91 (70.0) 1052 (69.9) 2.1 x 10-2 

Number of patient who already attempts suicide      

Lifetime V0 303 (36.4) 305 (40.9) 79 (48.8) 687 (39.5) 7.1 x 10-3 

 
V0 = baseline visit 

V12= one-year follow-up visit 
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Table 2: Clusters  
 

2.1: Treatment received for clusters 

 
Name of variable Group 1 Group 2 Group 3 Group 4 p value 

 “heterogeneous” “lithium” “valproate” “lamotrigine”  

 

 

 n (%) or median [Q1; Q3]  

N 1099 265 268 163  

Number of treatments received during one year follow-up 

Treatment received, n (%)    

2 [1; 3] 2 [1; 3] 2 [1; 3] 3 [2; 4] 1.41 x 10-5 

lithium 305 (27.8) 263 (99.2) 49 (18.3) 32 (19.6)  
valproate 267 (24.3) 22 (8.3) 237 (88.4) 15 (9.2)  
lamotrigine 142 (12.9) 62 (23.4) 14 (5.2) 153 (93.9)  
quetiapine 199 (18.1) 11 (4.2) 16 (6) 45 (27.6)  
aripiprazole 173 (15.7) 13 (4.9) 28 (10.4) 28 (17.2)  
venlafaxine 55 (5) 45 (17) 89 (33.2) 18 (11)  
escitalopram 115 (10,5) 10 (3,8) 7 (2,6) 9 (5,5)  
olanzapine 76 (6.9) 13 (4.9) 13 (4.9) 10 (6.1)  
alprazolam 95 (8.6) 6 (2.3) 6 (2.2) 4 (2.5)  
cyamemazine 75 (6.8) 16 (6) 10 (3.7) 6 (3.7)  

      

Days on treatment if received, 
median [Q1, Q3]  

     

lithium 306 [183; 365] 365 [352.5; 365] 365 [230; 365] 302 [44.75; 365]  
valproate 339 [182.5; 365] 61.5 [50; 115.75] 365 [365; 365] 302 [156.5; 365]  
lamotrigine 195 [89.75; 365] 365 [259.25; 365] 157.5 [89; 252.75] 365 [318; 365]  
quetiapine 331 [182.5; 365] 64 [23.5; 85.5] 246.5 [120; 330.5] 356 [217; 365]  
aripiprazole 352 [152; 365] 78 [56; 113] 349.5 [260.25; 365] 362 [150; 365]  
venlafaxine 188 [99.5 ; 365] 365 [261 ; 365] 365 [324 ; 365] 166 [43 ; 357.5]  
escitalopram 365 [192,5 ; 365] 97.5 [68,5 ; 240,25] 90 [57 ; 123,5] 62 [48 ; 217]  
olanzapine 365 [134.5 ; 365] 183 [31 ; 365] 204 [38 ; 365] 268 [204 ; 365]  
alprazolam 365 [204; 365] 129 [44.25; 165] 115.5 [78.5; 173.5] 269.5 [192.5; 317.75]  
cyamemazin 319 [178; 365] 365 [149; 365] 111.5 [19; 349.25] 179 [71.5; 320.25] 

 

 

 

 

 

 

 

 

 

 
 

2.2: Descriptive data for clusters  
 

     

Name of variable              

 

Group 1 
“heterogeneous” 

 

Group 2 
“lithium” 

Group 3 
“valproate” 

Group 4 
“lamotrigine”  

 

p value 

 n (%) or median [Q1; Q3]     

N 1099 265 268 163  

Bipolar subtype:      

BP type 1 530 (48.2) 151 (57.0) 131 (48.9) 53 (32.5) 1.7 x 10-4 

BP type 2 459 (41.8) 96 (36.2) 116 (43.3) 93 (57.1)  

BP NOS 110 (10,0) 18 (6,8) 21 (7,8) 17 (10,4)  

Age 40 [31; 50] 40 [32; 51] 43 [34.8; 53] 41 [32; 50.5] 8.6 x 10-4 

Gender     1.4 x 10-2 

Woman 659 (60.2) 150 (56.6) 158 (59.0) 117 (71.8)  

Men 436 (39.8) 115 (43.4) 110 (41.0) 46 (28.2)  

Referring doctor      4.5 x 10-1 

Psychiatrist 814 (80.7) 203 (83.5) 202 (80.5) 127 (87.6)  

General practionner 137 (13.6) 25 (10.3) 34 (13.5) 12 (8.3)  

Other 58 (5.7) 15 (6.2) 15 (6.0) 6 (4.1)  

Education level (years) 14 [12; 16] 15 [12; 17] 15 [12; 17] 15 [12; 17] 2.6 x 10-3 

Occupational status      9.2 x 10-1 

Active 573 (59.6) 131 (57.7) 150 (60.0) 76 (57.1)  

Unemployed 182 (18.9) 46 (20.3) 41 (16.4) 28 (21.1)  

Other 206 (21.4) 50 (22.0) 59 (23.6) 29 (21.8)  
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2.3: Clinical scales for clusters 
 

     

Name of variable              

 

Group 1 
“heterogeneous” 

 

Group 2 
“lithium” 

Group 3 
“valproate” 

Group 4 
“lamotrigine”  

 

p value 

 n (%) or 

median [Q1; 
Q3] 

    

N 1099 265 268 163  

      

Self-administered       

QIDS-SR16      

V0 9 [5; 15] 8 [4; 13] 8.5 [4; 14] 11 [6; 16] 5.7 x 10-3 

V12† 7 [3 ; 11,8] 6 [3 ; 9] 6 [2,5 ; 11] 6 [4 ; 12] 5.7 x 10-3 

ALTMAN      

V0 2 [0; 4] 1 [0; 4] 2 [0; 5] 2 [0; 5] 1.8 x 10-2 

V12† 2 [0 ; 4,2] 2 [0 ; 4] 2 [0 ; 4] 2 [0 ; 4] 9.1 x 10-1 

PSQI (sleep disturbance)      

V0 6 [4; 10] 6 [4; 8] 6 [4; 9] 7.5 [5; 11] 1.7 x 10-5 

V12† 6 [4 ; 9] 5 [3 ; 8] 6 [3,5 ; 8] 6 [4 ; 9] 3.5 x 10-4 

PRISEM      

V0 12 [6; 19] 10 [5; 16] 10 [4.2; 18] 13 [6; 19.8] 3.5 x 10-2 

V12† 11 [6 ; 18] 9 [4 ; 15] 9 [3 ; 16] 10 [6 ; 16,8] 5.3 x 10-5 

MARS (Adherence to treatment)      

V0 7 [6; 8] 7 [6; 8] 7 [6; 8] 7 [6; 9] 1.7 x 10-1 

V12† 8 [7 ; 9] 8 [7 ; 9] 8 [7 ; 9] 8 [7 ; 9] 1.3 x 10-1 

WURS V0 29 [18; 45] 24 [12; 38] 33 [19.2; 46] 29 [16.8; 43.2] 8.2 x 10-6 

CTQ V0      

Score Physical abuse 5 [5; 7] 5 [5; 6] 5 [5; 7] 5 [5; 7] 1.4 x 10-1 

Score Emotional neglect 12 [9; 16] 11 [8; 14] 11 [9; 16] 12 [8; 16] 9.7 x 10-3 

Score Physical neglect 6 [5; 9] 6 [5; 8] 6 [5; 8] 6 [5; 8] 5.3 x 10-2 

Score Sexual abuse 5 [5; 6] 5 [5; 6] 5 [5; 6] 5 [5; 6] 8.2 x 10-1 

Score Emotional Abuse 9 [6; 14] 7 [5; 11] 9 [5; 14] 9 [6; 13.2] 5.4 x 10-4 

      

Clinician-administered       

MADRS      

V0 8 [3; 15] 6 [2; 15] 6 [2.8; 14] 9 [3; 19] 2.2 x 10-2 

V12† 6 [2 ; 13] 4 [1 ; 9] 4 [0,2 ; 10] 6 [2 ; 14] 3.6 x 10-3 

YMRS      

V0 0 [0; 3.8] 0 [0; 2] 1 [0; 4] 1 [0; 3] 6.3 x 10-1 

V12† 0 [0 ; 2] 0 [0 ; 2] 0 [0 ; 3] 0 [0 ; 2] 3.2 x 10-1 

FAST      

V0 19 [9; 32] 16 [7; 28] 16 [7; 29] 22 [12.8; 29] 2.8 x 10-2 

V12† 15 [6 ; 27] 10 [3 ; 22] 12 [3 ; 23] 15 [5 ; 25] 1.3 x 10-5 

CGI-Severity      

V0 3 [2; 5] 3 [1; 4] 3 [2; 4] 3 [2; 4] 7.7 x 10-3 

V12† 3 [2 ; 4] 2 [1 ; 4] 3 [1 ; 4] 3 [1 ; 4] 1.3 x 10-4 

GAF:      

V0     6.5 x 10-2 

100-71 331 (32.6) 100 (41.7) 97 (39.4) 44 (30.3)  

70-51 525 (51.8) 107 (44.6) 118 (48.0) 74 (51.0)  

50-0 158 (15.6) 33 (13.8) 31 (12.6) 27 (18.6)  

V12     1.7 x 10-2 

100-71 381 (45.2) 126 (59.2) 110 (50.5) 69 (53.9)  

70-51 383 (45.4) 73 (34.3) 92 (42.2) 50 (39.1)  

50-0 79 (9.4) 14 (6.6) 16 (7.3) 9 (7.0)  
V0 = baseline visit, V12= one-year follow-up visit, MADRS= Montgomery and Asberg Depression Rating 

Scale, YMRS= Young Mania Rating Scale, QIDS-SR16= Quick Inventory of Depressive Symptoms 16 

items, AMRS= Altman Mania Rating Scale, GAF= Global Assessment of Functioning, FAST= Functioning 

Assessment Short Test, CGI-S= Clinical Global Impression—Severity scale, PSQI= Pittsburg Sleep 

Quality Index, CTQ= Childhood Trauma Questionnaire, WURS= Wender Utah Rating Scale, MARS= 

Medication Adherence Rating Scale, PRISE-M= Patient Rated Inventory of Side Effects inventory 

†= adjusted for V0 

‡,=Fisher test  
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2.4: Clinical evaluation for clusters  

 
 

     

Name of variable              

 

Group 1 
“heterogeneous” 

 

Group 2 
“lithium” 

Group 3 
“valproate” 

Group 4 
“lamotrigine”  

 

p value 

 n (%) or 

median [Q1; 

Q3] 

    

N 1099 265 268 163  

      

First episode V0      

Age at first episode 21 [17; 28] 22 [18; 30] 23 [18; 31] 22 [18; 29] 1.1x 10-3 

 

Age at first psychotropic treatment V0 25 [19; 33] 25 [20; 33.8] 27 [21; 36] 27 [20; 37] 1.2 x 10-2 

 

 

 

Cyclothymia before first episode 131 (13.9) 23 (10.0) 43 (18.4) 24 (16.6) 5.8 x 10-2 

 

 

 

Duration of illness before V0 15 [8; 24] 15 [9; 23] 15 [8; 25] 14 [8; 22] 3.17 x 10-1 

Actual mood episode      

V0 322 (30.0) 68 (26.5) 66 (25.5) 62 (39.2) 1.5 x 10-2 

V12 187 (21,8) 31 (14,4) 45 (20,1) 33 (24,6) 6.9 x 10-2 

      

Last Year      

At least one MDE       

V0 636 (63.8) 146 (61.6) 140 (59.1) 111 (76.6) 4.6 x 10-3 

V12 274 (33,3) 50 (24,5) 58 (27,4) 42 (33,1) 5.3 x 10-2 

At least one MDE with psychotic features       

V0 ‡ 34 (3.4) 9 (3.8) 4 (1.7) 0 (0.0) 4.2 x 10-2 

V12 ‡ 13 (1,6) 6 (3,0) 2 (1,0) 1 (0,8) 3.9 x 10-1 

At least one hypomanic episode       

V0 329 (34.5) 58 (25.8) 70 (31.2) 50 (34.5) 8.4 x 10-2 

V12 123 (15,5) 37 (18,6) 35 (16,5) 15 (11,9) 4.4 x 10-1 

At least one manic episode      

V0 133 (13.5) 53 (22.1) 33 (14.6) 10 (6.7) 2.2 x 10-4 

V12 ‡ 36 (4,5) 10 (5,0) 4 (1,9) 2 (1,6) 1.5 x 10-1 

At least one manic episode with psychotic features     

V0 75 (7.4) 37 (15.2) 22 (9.4) 8 (5.3) 5.2 x 10-4 

V12 ‡ 22 (2,7) 6 (3,0) 1 (0,5) 0 (0,0) 4.2 x 10-2 

At least one mixed episode       

V0 80 (8.4) 15 (6.4) 19 (8.7) 8 (5.6) 5.3 x 10-1 

V12 45 (5,6) 4 (2,0) 11 (5,3) 4 (3,2) 1.5 x 10-1 

At least one mixed episode with psychotic features     

V0 ‡ 15 (1.5) 5 (2.1) 4 (1.8) 2 (1.4) 8.8 x 10-1 

V12 ‡ 8 (1,0) 0 (0,0) 3 (1,4) 0 (0,0) 3.5 x 10-1 

      

At least one hospitalization       

V0 305 (38.7) 89 (47.1) 61 (35.1) 41 (34.2) 5.6 x 10-2 

V12 109 (14,4) 21 (11,6) 18 (9,4) 18 (15,9) 2.2 x 10-1 

      

Lifetime V0      

At least one MDE  863 (95.9) 210 (94.6) 208 (96.7) 131 (99.2) 1.6 x 10-1 

At least one MDE with psychotic features  97 (9.7) 24 (9.9) 25 (10.4) 5 (3.4) 7.9 x 10-2 

At least one hypomanic episode  609 (76.3) 149 (78.8) 136 (75.1) 98 (83.1) 3.4 x 10-1 

At least one manic episode 460 (46.0) 128 (53.1) 104 (43.3) 41 (26.5) 2.7 x 10-6 

At least one manic episode with psychotic features 322 (31.6) 97 (39.8) 58 (23.7) 18 (11.7) 4.7 x 10-9 

At least one mixed episode  177 (19.2) 45 (19.8) 43 (20.0) 23 (16.8) 8.8 x 10-1 

At least one mixed episode with psychotic features  66 (6.5) 16 (6.7) 15 (6.3) 4 (2.7) 3.2 x 10-1 

      

Rapid cycling V0 130 (13.6) 38 (16.8) 29 (12.8) 41 (28.5) 4.1 x 10-5 

Complete remission between episodes V0 638 (69.3) 164 (71.9) 162 (73.6) 88 (64.2) 2.4 x 10-1 

Seasonal pattern V0 314 (32.8) 77 (33.3) 80 (35.4) 50 (36.0) 9.5 x 10-1 

      

Number of patient who already attempts suicide      

Lifetime V0 439 (41.4) 93 (36.6) 89 (33.5) 66 (41.2) 7.9 x 10-2 
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Last year V12 ‡ 
 

V0 = baseline visit, V12= one-year follow-up visit  

†= adjusted for V0 

‡,=Fisher test  

 

22 (2.5) 2 (0.9) 4 (1.7) 5 (3.8) 3.1 x 10-1 

 

 

 

 

 

 

      

 
2.5: Comorbidities for clusters  
 

     

Name of variable              
 

Group 1 
“heterogeneous” 

 

Group 2 
“lithium” 

Group 3 
“valproate” 

Group 4 
“lamotrigine”  

 

p value 

 n (%) or 
median [Q1; 

Q3] 

    

N 1099 265 268 163  

 
 

Psychiatric comorbidities V0 

     

Current smoking 473 (44.6) 107 (42.1) 111 (42.7) 62 (39.0) 5.5 x 10-1 

Anxiety disorders 459 (45.8) 85 (35.4) 109 (44.5) 81 (51.6) 7.8 x 10-3 

Substance use disorders: 349 (34.5) 72 (30.0) 74 (29.7) 49 (31.6) 3.5 x 10-1 

Alcool use disorder                      243 (24.0)    42 (17.5)     52 (20.9)     40 (25.8)   1.1 x 10-1 

Cannabis use disorder                      186 (18.4)     46 (19.2)     36 (14.5)      17 (11.0)    6.7 x 10-2 

Feeding and Eating Disorder  189 (18.7) 32 (13.2) 41 (16.6) 47 (30.7) 1.7 x 10-4 

Somatic Symptom and Related Disorder  39 (3.9) 5 (2.1) 13 (5.2) 8 (5.2) 2.8 x 10-1 

      

Somatic comorbidities V0      

Neurologic disease:      

Migraine 208 (20.0) 50 (19.7) 51 (20.3) 40 (25.8) 4.0 x 10-1 

Epilepsy ‡ 17 (1.6) 6 (2.4) 3 (1.2) 2 (1.3) 8.0 x 10-1 

Head trauma 132 (12.8) 38 (15.2) 33 (13.3) 23 (15.0) 7.1 x 10-1 

Cardiovascular disease:      

Arrythmia 33 (3.2) 10 (4.0) 9 (3.6) 8 (5.3) 6.2 x 10-1 

Hypertension 62 (6.0) 23 (9.1) 29 (11.6) 14 (9.2) 1.2 x 10-2 

Metabolic and endocrine disorders:       

Diabetes ‡ 29 (2.8) 4 (1.6) 12 (4.9) 5 (3.2) 1.8 x 10-1 

Thyroid disease 99 (9.6) 36 (14.3) 33 (13.2) 27 (17.4) 9.6 x 10-3 

Dyslipidemia 185 (18.0) 30 (12.0) 43 (17.3) 21 (13.6) 9.1 x 10-2 

Skin disease:      

Acne 134 (13.0) 35 (13.9) 36 (14.4) 28 (18.2) 3.8 x 10-1 

Cutaneous adverse drug reactions 86 (8.3) 16 (6.4) 11 (4.4) 13 (8.4) 1.6 x 10-1 

Hair loss 148 (14.3) 29 (11.5) 52 (20.8) 20 (13.0) 1.9 x 10-2 

Urinary tract disorder:      

Nephropathy ‡ 33 (3.2) 3 (1.2) 4 (1.6) 1 (0.6) 9.3 x 10-2 

Gastro-intestinal disorder:      

Drug-induced hepatitis ‡ 14 (1.4) 3 (1.2) 3 (1.2) 2 (1.3) 1.0 

BMI      

V0 25.2 [22.5; 28.7] 24.9 [22.2; 27.9] 24.5 [22.4; 28.4] 24.7 [22.4; 29.0] 4.8 x 10-1 

V12 25.4 [22,6 ; 29,1] 24.5 [21,9 ; 28,2] 24.8 [22,6 ; 28,4] 24.7 [22,1 ; 28,5] 4.1 x 10-5 

 
 

V0 = baseline visit, V12= one-year follow-up visit  

†= adjusted for V0 

‡,=Fisher test  
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Figure 1: Days on treatment for each active ingredient present in the dataset, during the first year following the inclusion, were used to 

classify patient. The division in four groups was suggested by Calinski function on RStudio and is represented by the red line on the 

dendrogram cluster. 
  

 

 

 

Figure 1 : cluster dendrogram : 

Figure 1 : Days on treatment for each active ingredient present in the dataset, during the first year following the inclusion, were used to classify patients.  The distance metric was the squared Euclidean distance and 

Ward’s agglomerative method was used.  The number of clusters was determined using the visual analysis of the dendrogram associated to the hierarchical agglomerative clustering and the interpretability of the 

groups.

Figure 1 :  

Treatment received during one-year follow-up period (bipolar disorder subtypes): The treatments received during one year in bipolar disorder 1 were mainly: 

lithium (44 %), valproate (32.9%), lamotrigine (15.4), quetiapine (15.3%) and aripiprazole (17.3%). As for bipolar disorder 2, they received lithium (30.8%), 

valproate (28.4%), lamotrigine (25.4), quetiapine (15.8%) and aripiprazole (9.8%). Finally regarding, bipolar disorder NOS, patients received mainly lithium 

(19.9 %), valproate (23.5%), lamotrigine (26.5), quetiapine (10.8%) and aripiprazole (10.2%). 

 

Treatment received during one-year follow-up period (treatment clusters): The treatments received during one year in group 1 were mainly: lithium (27.8%), 

valproate (24.3%), quetiapine (18.1%) and aripiprazole (15.7%). The treatments received during one year in group 2 were mainly: lithium (99.2%), lamotrigine 

(23.4%) and venlafaxine (17%). The main treatments in group 3 were mainly valproate (88.4%), venlafaxine (33.2%) and lithium (18.3%). The treatments 

received during one year in group 4 were mainly: lamotrigine (93.9%), quetiapine (27.6%) lithium (19.6%) and aripiprazole (17.2%). 
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Figure 2: Treatment received during one-year follow-up period:

2.1: 

2.2: 

2.1: The treatments received during one year in bipolar disorder 1 were mainly: lithium (44 %), valproate (32·9%), lamotrigine (15·4), quetiapine (15·3%) and aripiprazole (17·3%). As for bipolar disorder 2, they received lithium (30·8%), valproate (28·4%),
lamotrigine (25·4), quetiapine (15·8%) and aripiprazole (9·8%). Finally regarding, bipolar disorder NOS, patients received mainly lithium (19·9 %), valproate (23·5%), lamotrigine (26·5), quetiapine (10·8%) and aripiprazole (10·2%).

2.2: The treatments received during one year in group 1 were mainly: lithium (27·8%), valproate (24·3%), quetiapine (18·1%) and aripiprazole (15·7%). The treatments received during one year in group 2 were mainly: lithium (99·2%), lamotrigine (23·4%) and
venlafaxine (17%). The main treatments in group 3 were mainly valproate (88·4%), venlafaxine (33·2%) and lithium (18·3%). The treatments received during one year in group 4 were mainly: lamotrigine (93·9%), quetiapine (27·6%) lithium (19·6%) and
aripiprazole (17·2%). 




