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ABSTRACT
Background  Differentiating bipolar disorder (BD) from 
major depressive disorder (MDD) during major depressive 
episodes remains a significant challenge. EDIT-B is an 
in vitro diagnostic test based on machine learning (ML) 
method integrating clinical metadata with adenosine-
to-inosine (A-to-I) RNA editing signatures in eight genes 
(GAB2, IFNAR1, IL17RA, LYN, MDM2, PRKCB, PTPRC, 
ZNF267) to differentiate BD from MDD.
Objective  The objective of this study is to assess 
and confirm the diagnostic performance of EDIT-B in a 
new, independent, double-blind, external, multicentre 
European cohort.
Methods  We evaluated EDIT-B results across four 
European centres (Spain, France, Denmark) compared 
with physician diagnoses. Explainability and sensitivity 
analyses were performed to identify the primary drivers 
of the model.
Findings  In 393 patients with current major depressive 
episode (238 MDD; 155 BD), EDIT-B demonstrated 
robust performance: area under the curve-receiver 
operating characteristic of 0.873 (95% CI 0.837 to 
0.909), sensitivity of 82.6% (95% CI 75.7% to 88.2%) 
and specificity of 80.3% (95% CI 74.6% to 85.1%). 
Performances were consistent across sites and all 
stratified patient subgroups, corroborating previous 
results. Explainability analysis pointed to RNA editing 
biomarkers as the most important variables for EDIT-B 
diagnosis.
Conclusion  This study confirms the diagnostic 
performances of EDIT-B showing that A-to-I RNA editing 
coupled with ML methods is a reliable approach to 
distinguish BD from MDD.
Clinical implications  EDIT-B represents an innovative, 
reliable and complementary diagnostic tool supporting 
psychiatric practice and enhancing clinical outcomes with 
potential impact in reducing diagnostic delays, tailoring 
the therapeutic strategy and improving therapeutic 
alliances. These findings may represent a significant 
advance towards precision psychiatry, with potential to 
reduce misdiagnosis and inappropriate treatment.
Trial registration number  NCT05603819.

INTRODUCTION
The differential diagnosis of bipolar disorder (BD) 
and major depressive disorder (MDD) remains 
a critical unmet need. Although both conditions 
are characterised by depressive episodes, their 
pathophysiological and treatment trajectories 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Bipolar disorder (BD) is frequently misdiagnosed 
as major depressive disorder due to overlapping 
depressive symptoms, leading to diagnostic 
delays of up to a decade and important clinical 
consequences. Current diagnostic approaches 
rely on clinical assessment and lack specificity 
while few objective/biologically based tools 
are available for accurate early differential 
diagnosis.

WHAT THIS STUDY ADDS
	⇒ This study corroborates EDIT-B test 
performances for diagnosing BD during 
depressive episodes in a large, independent 
European multicentre replication cohort. 
This study also highlights the importance of 
RNA editing biomarkers for EDIT-B diagnosis. 
Sensitivity analyses show robust performances 
and no major difference among subgroups 
in all tested conditions including comparison 
between untreated and treated patients for 
several classes of psychiatric medications.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ EDIT-B addresses the need for a reliable and 
objective diagnosis of BD during depressive 
episodes. The EDIT-B test represents a 
significant advance in precision psychiatry, 
with potential to minimise misdiagnosis and 
diagnostic delays and to improve the accuracy 
and tailoring of treatment strategies.
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differ substantially. BD often initially presents with depression, 
leading to frequent misdiagnosis as MDD and an average diag-
nostic delay of nearly a decade.1 2 This delay has important clin-
ical consequences, including inappropriate pharmacotherapy, 
increased risk of treatment-emergent mania and suicide.3–5 
Traditional diagnostic approaches rely on symptomatology and 
structured interviews, lacking the precision to disentangle over-
lapping phenotypes.6 While certain clinical features (eg, early 
age at onset, mood lability and family history) may suggest BD, 
their predictive value remains limited. The limited availability of 
objective, biologically grounded tools for differential diagnosis 
impedes early and accurate identification of BD.

Recent advances in molecular psychiatry have focused on 
immune and oxidative pathways.7 Among emerging candi-
dates, RNA editing, a dynamic mechanism modifying nucleotide 
sequences post-transcription, has shown promise. Dysregulated 
editing patterns were reported in BD and other neuropsychi-
atric disorders, implicating this process in mood regulation and 
neuroinflammation.8 9

In a previous study, EDIT-B, a blood diagnostic test, showed 
high sensitivity and specificity for distinguishing BD from 
MDD during major depressive episodes (MDE).9 EDIT-B uses 
a locked machine learning (ML) algorithm based on 22 RNA 
editing biomarkers from eight genes (GAB2, IFNAR1, IL17RA, 
LYN, MDM2, PRKCB, PTPRC, ZNF267) and clinical data 
for performing the diagnostic. The editing biomarkers were 
selected through a multistep strategy combining adenosine-
to-inosine (A-to-I) RNA editome discovery, stringent filtering, 
biological/functional network analyses, and analytical and 
independent clinical validation.9 10 The biomarkers present 
interconnected pathways involved in neuroinflammation, 
microglial activation, immune signalling, oxidative stress and 
mitochondrial dysfunction, all implicated in the pathophysi-
ology of BD (online supplemental figure 1).2 EDIT-B test is 
currently Conformité Européenne (CE) marked under the In 
Vitro Diagnostic Directive and already commercialised in some 
European countries.

Here, we present results and confirm the performance of 
EDIT-B in a novel external large-scale, independent, double-
blind, pan-European cohort. The EDIT-B project is funded by 
the European Union (Grant No 220628/230125).

METHODS
Study design and setting
The EDIT-B consortium study (​ClinicalTrials.​gov 
NCT05603819) is a double-blind, multicentre, cross-sectional 
study enrolling adults between June 2022 and September 2024 
across four clinical sites: two in Barcelona (Spain), one in Paris 
(France) and one in Copenhagen (Denmark) (online supple-
mental file 2). Reporting followed the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) guideline 
(online supplemental table 1). This study adhered to the AI-spe-
cific extension of Standards for Reporting of Diagnostic Accu-
racy Studies (STARD-AI) guidelines for reporting of AI-centred 
diagnostic test accuracy studies. Written informed consent was 
obtained from participants. This study was conducted in accor-
dance with the Declaration of Helsinki (2013). An external 
central laboratory (SYNLAB Italia–Genetic Unit, Castenedolo, 
Italy) processed the blood samples and performed EDIT-B test 
on a dedicated secure web platform. SYNLAB was blinded 
from the clinicians’ diagnoses, and clinicians were blinded from 
EDIT-B results. The protocol of this study has been published 
in Miranda et al.11

Clinical assessment
A total of 426 participants were screened for eligibility: 259 
with MDD, 165 with BD and 2 with missing diagnostic. Eight 
participants did not meet the inclusion/exclusion criteria. Addi-
tionally, 14 participants were excluded for protocol deviations 
and 14 further participants were excluded for intended use or 
technical quality criteria. The final analytical set included 393 
participants: 238 with MDD and 155 with BD (online supple-
mental figure 2). Eligibility criteria and sample size calculation 
are described in the online supplemental methods.

EDIT-B in vitro diagnostic test
The panel of pre-mRNA sequences used by EDIT-B includes 
GAB2, IFNAR1, IL17RA, LYN, MDM2, PRKCB, PTPRC and 
ZNF267. EDIT-B genes were initially identified through an unbi-
ased, data-driven analysis of the blood RNA editome.10

Details on the assay protocol and on the algorithm were 
previously described9 and are strictly the same used in this study. 
Briefly, blood samples were collected at the clinical centres using 
PAXgene blood RNA tubes and stored upright at room tempera-
ture (18−25°C) for 2 hours before freezing (−20°C). Patients 
were allowed to eat and to take their routine medicines before 
blood sampling. Fasting status and the time elapsed since the last 
medication administration were not documented. The samples 
were sent on dry ice every 2 months to SYNLAB using time- and 
temperature-controlled transport. Blood samples were treated 
in batch of randomly distributed patients. RNA was extracted 
and qualified before PCR, then the PCR product amplification 
was purified and quantified before indexing and pooling into a 
final library. The library was denatured, loaded and sequenced 
at standard concentrations on an Illumina NextSeq 500/550 
sequencer (figure 1A).

Sequencing data were uploaded to the EDIT-B web secure 
platform, and each patient was processed individually on a 
health data hosting-certified server using bioinformatic protocol 
previously detailed.9 A standardised report with the EDIT-B 
result was produced for each patient, including sample iden-
tifiers, quality control metrics and algorithm specifications 
(figure  1A). EDIT-B is a locked ML algorithm with a fixed 
function based on ExtraTrees method using 22 RNA editing 
biomarkers, demographic data (age, sex) and psychiatric treat-
ments (antidepressants, antiepileptics, antipsychotics (including 
lithium), anxiolytics and hypnotics/sedatives, as well as alcohol 
and tobacco use). Medication was coded according to the WHO 
Anatomical Therapeutic Chemical (ATC) classification system. 
The initial development, training and internal validation of the 
EDIT-B model are shown in figure 1B. The same fixed-function 
parameters applied to the internal validation were employed in 
the two external evaluations, ensuring consistency among the 
cohorts. A description of the artificial intelligence (AI) model 
development and the associated parameters is detailed in the 
online supplemental methods and online supplemental table 2.

Data analysis
Performance of the test was estimated by sensitivity, specificity 
and overall accuracy. Receiver operating characteristic (ROC) 
curves and DeLong’s test (pROC R package12) were used to eval-
uate binary classification performance and compare area under 
the curve (AUC)-ROC values across populations. Precision-recall 
(PR) curves and the corresponding AUC (AUC-PR) were calcu-
lated using the ‘precrec’ R package13 to evaluate the model’s ability 
to identify positive instances while minimising false positives. An 
optimised cut-off for positive predictive value (PPV), determined 

B
M

J M
ental H

ealth: first published as 10.1136/bm
jm

ent-2026-302859 on 5 O
ctober 2026. D

ow
nloaded from

 https://m
entalhealth.bm

j.com
 on 5 O

ctober 2026 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859
https://dx.doi.org/10.1136/bmjment-2026-302859


3Weissmann D, et al. BMJ Ment Health 2026;29:1–10. doi:10.1136/bmjment-2026-302859

Open access

in the previous cohort using the cutpointr R package14 to mini-
mise false positives, was applied to the current study population. 
To ensure robustness and generalisability, comprehensive strati-
fied sensitivity analyses were performed on the pooled sample 
from all centres. These evaluations encompassed psychiatric 
treatment status (figure 3), clinical complexity and comorbidities 
(online supplemental figures 9 and 10), demographic and basic 
clinical characteristics including age and disease onset (online 
supplemental figures 11–13), disease progression and recur-
rence markers such as illness duration and depressive episode 
frequency (online supplemental figures 14–16) and blood collec-
tion timing (online supplemental figure 17). Any site-specific 
harmonisation was performed. Variable importance was assessed 
in EDIT-B model using TreeSHAP.15 TreeSHAP decomposes 
predictions into additive feature contributions, quantifying each 
predictor’s impact on the model output. Global importance was 
computed as the mean absolute Shapley value across observa-
tions, reflecting each variable’s overall contribution. Descriptive 
statistics summarised demographic and clinical characteristics, 
and effect sizes were calculated using the effectsize R package,16 
with two-sided 95% CIs reported for all estimates. Model cali-
bration, Target Editing Index (TEI) methods and other addi-
tional analysis are described in the online supplemental methods.

RESULTS
Patient demographic and clinical characteristics
Patients were matched for sex, age and severity of depres-
sion based on Montgomery-Åsberg Depression Rating Scale 
(MADRS) score, with no significant between-group differences. 
The proportion of female patients was similar between the MDD 
and BD groups (61.8% vs 61.3%, respectively, p=1). The great 
majority of patients (90.8%) were identified as white. No signif-
icant differences in ethnic distribution were observed between 
patients with MDD and those with BD. Body mass index (BMI) 
was comparable across groups. As expected, depression severity 
assessed by MADRS score was not statistically significantly 
different (p=0.9) between both groups (mean scores of 32.1 for 
patients with MDD and 32.2 for patients with BD). In contrast, 
patients with BD had statistically significantly higher Young 
Mania Rating Scale (YMRS) scores than patients with MDD 
(p<0.001), even their YMRS score stays very low (1.1 for the 
MDD vs 1.9 for the BD). Regarding psychotropic treatments, 
approximately 79% of patients received antidepressants, 63% 
antipsychotics, 35% anxiolytics, 21% hypnotics/sedatives and 
35% antiepileptics. Smoking was reported by 37% of patients 
and alcohol abuse by 8%, with no significant between-group 

Figure 1  Workflow of the EDIT-B consortium study: from patient recruitment to AI algorithm validation. (A) (1) Participants were enrolled by the 
clinician and received a diagnostic evaluation. (2) After inclusion, a blood sample was collected at the respective study centre. (3) Samples were 
shipped to the central laboratory (SYNLAB Italia) to perform the EDIT-B IVD test. (4) Data were analysed using the locked EDIT-B algorithm via the 
HDS (French Health Data Hosting) EDIT-B web platform. (5) Clinical eCRF data and EDIT-B IVD test results were compared in the final statistical 
analysis of the locked and certified analytical set. (B) The EDIT-B algorithm was developed by randomly splitting the model development dataset 
into 60% training and 40% testing subsets. Preprocessing was applied to the training data, and an ExtraTrees model was built using k-fold cross-
validation for hyperparameter optimisation. The model was evaluated on the test data, and this process was repeated 500 times with random splits. 
The final model was selected based on minimising training error and maximising AUC-ROC. It was then locked and applied to two external cohorts 
(Switzerland study n=143 and pan-European, double-blind, multicentre study n=393) for validation using the same fixed-function parameters as in 
internal testing. AI, artificial intelligence; AUC, area under the curve; DK, Denmark; eCRF, electronic case report form; ES, Spain; EU, European Union; 
FR, France; IVD, in vitro diagnostic; ROC, receiver operating characteristic.
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differences (p=1) (table  1). Descriptive statistics, including 
sample sizes and depression severity, were also performed by 
recruitment sites (online supplemental table 3).

Regarding sociodemographic characteristics, participants 
were commonly single (42.2%), followed by married (32.1%) 
and separated/divorced (22.9%). Most lived alone (36.6%), 
with a spouse/partner (35.6%) or with children (26.2%). Over 
half reported a disability, predominantly temporary (37.7%) or 
permanent (14.0%). Educational attainment was high: 91.1% 
had completed secondary school and 49.6% held a university 
degree. No significant differences were observed between MDD 
and BD groups (online supplemental table 4).

The mean duration of illness was comparable between the 
two groups (around 10 years). The onset of disease and the first 
depressive episode tended to occur earlier in patients with BD 
(p<0.001). Among the patients with BD, the first depressive 
episode typically preceded the first manic/hypomanic episode. 
Patients with BD experienced a higher number of depressive 
episodes compared with patients with MDD. Depressive polarity 
at onset was predominant in patients with BD (88.4%). Psychotic 

symptoms were present in approximately one-third of patients 
with BD, compared with fewer than 10% of patients with MDD. 
A lifetime history among first or second generations of affec-
tive disorders was reported by 72.9% of patients with BD and 
49.2% of patients with MDD, while a family history of psychi-
atric illness was more common in patients with BD (81.3%) 
than in patients with MDD (60.5%). A family history among 
first or second generations of completed suicide was reported by 
approximately 20% of patients in both groups (online supple-
mental table 5).

According to the Mini-International Neuropsychiatric Inter-
view, all participants fulfilled criteria for an ongoing MDE of at 
least 2 weeks’ duration, with most reporting a recurrent history. 
Manic or hypomanic episodes were absent in the MDD group, 
whereas 40.0% and 63.9% of patients with BD reported life-
time manic and hypomanic episodes, respectively. Recent suicide 
attempts were common in both groups (20–30%). Psychiatric 
comorbidities included panic disorder (19.1% overall; 26.5% in 
BD vs 14.3% in MDD), generalised anxiety disorder (15.0%, 
similar across groups), psychotic disorders (3.8%, predominantly 

Table 1  Demographic and clinical characteristics of patients included in the analytical set

Analytical set cohort

Total MDD BD Effect size P value

n 393 238 155

Demographic characteristics

Age

 � Min-max 18–79 18–79 18–79

 � Mean±SD 46.2±15.3 46.9±15.0 45.1±15.8 0.12* (−0.08, 0.32) 0.2

Sex

 � Male, n (%) 151 (38.4) 91 (38.2) 60 (38.7) 1.02† (0.58, 1.81) 1

 � Female, n (%) 242 (61.6) 147 (61.8) 95 (61.3)

Race

 � Asian, n (%) 6 (1.5) 3 (1.3) 3 (1.9)

 � Black, n (%) 13 (3.3) 7 (2.9) 6 (3.9)

 � White/Caucasian, n (%) 357 (90.8) 216 (90.8) 141 (91.0)

 � Other, n (%) 17 (4.3) 12 (5.0) 5 (3.2)

 � All 0.06‡ (0.00, 0.12) 0.7

BMI, kg/m2 (mean±SEM) 26.2 (±5.5) 26.2 (±5.6) 26.1 (±5.3) 0.02* (−0.18, 0.22) 0.9

Clinical characteristics

Symptom severity scores

 � MADRS score (mean±SEM) 32.1 (±6.5) 32.1 (±6.6) 32.2 (±6.3) −0.02* (−0.22, 0.19) 0.9

 � YMRS score (mean±SEM) 1.4 (±2.0) 1.1 (±1.8) 1.9 (± 2.3) −0.40* (−0.60, −0.19) <0.001

Psychotropic treatments

 � Anxiolytics, n (%) 139 (35.4) 100 (42.0) 39 (25.2) 0.47† (0.26, 0.85) <0.05

 � Hypnotics/sedatives, n (%) 83 (21.1) 58 (24.4) 25 (16.1) 0.59† (0.29, 1.20) 0.2

 � Antiepileptics, n (%) 136 (34.6) 41 (17.2) 95 (61.3) 7.63† (3.95, 14.71) <0.001

 � Antipsychotics, n (%) 249 (63.4) 115 (48.3) 134 (86.5) 6.86† (3.42, 13.74) <0.01

 � Antidepressants, n (%) 309 (78.6) 232 (97.5) 77 (49.7) 0.03† (0.01, 0.09) <0.001

 � All treatment classes 0.35‡ (0.25, 0.43) 0.2

Substance addiction

 � Tobacco, n (%) 147 (37.4) 88 (37.0) 59 (38.1)

 � Alcohol, n (%) 30 (7.6) 19 (8.0) 11 (7.1)

 � All 0.03‡ (0.00, 0.22) 1

Data are the mean±SEM. P values of main characteristics are obtained with the Student’s t-test or χ2 test.
Bold values indicate p<0.05
*Cohen’s d. Benchmarks: |d| ≈0.2 small, ≈0.5 medium, ≈0.8 large.
†OR.
‡Cramér’s V. Benchmarks: ≈0.1 small, ≈0.3 medium, ≈0.5 large.
BD, bipolar disorder; BMI, body mass index; MADRS, Montgomery-Åsberg Depression Rating Scale; MDD, major depressive disorder; YMRS, Young Mania Rating Scale.
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in BD type I (BD-I)), alcohol use disorder (7.6%), substance use 
disorders (4.3%), obsessive-compulsive disorder (8.4%) and 
eating disorders (2.0%) (online supplemental table 6).

EDIT-B test performances
The EDIT-B test was evaluated in this study (n=393) (figure 2A). 
The empirical ROC curve presents an AUC-ROC of 0.873 (95% 
CI 0.837 to 0.909) and an AUC-PR of 0.843 (95% CI 0.798 to 
0.884; online supplemental figure 3A) for EDIT-B test. The 95% 
CIs for the AUC-ROC of EDIT-B test overlapped with those 

previously reported for the Swiss external validation (AUC-ROC 
0.904, 95% CI 0.853 to 0.955) (figure 2B), confirming statistical 
consistency (DeLong’s test, p=0.33).

False-positive (patients with MDD classified as BD by 
EDIT-B) and false-negative (patients with BD classified as MDD 
by EDIT-B) cases were also characterised (online supplemental 
table 7). No significant differences were observed in age at 
onset, illness duration, psychotic symptoms or frequency of 
depressive episodes (all p>0.2). Except for alcohol use disorder 
and the number of mania episodes (p<0.01), psychiatric 

Figure 2  Diagnostic performances, explicability and impact of RNA editing BMs of EDIT-B test. (A) ROC curves of EDIT-B test in the present study 
(analytical set, n=393): light blue line—generalised area under the ROC curve; dark blue line—empirical area under the ROC curve. (B) Comparison 
of the ROC curves and CIs of EDIT-B test in the present study versus previous results9: Corail line—previous study ROC curve (Salvetat et al, n=143); 
dark blue line—present study ROC curve (analytical set, n=393). (C) Variable importance using SHAP metric: bar plot illustrates the importance 
of variables of mean absolute Shapley values in the EDIT-B test. The length of each bar indicates the relative contribution of each variable to the 
model’s predictions. The variable ‘A-to-I RNA Editing BM’ exhibits the highest importance, followed by ‘Antiepileptics (N03A)’, ‘Antipsychotics (N05A)’ 
and other factors. This analysis helps identify the key drivers of the model’s performance. (D) EDIT-B model development and comparison to clinical 
variables model excluding EDIT-B BMs. ROC curves were generated to illustrate and compare the diagnostic performance of two models, one 
including RNA editing BMs (EDIT-B test) and one excluding them across the same three cohorts (development cohort: study 1 (n=98); Switzerland 
cohort: study 2 (n=143); current pan-European, multicentre cohort: study 3 (n=393)). The inclusion of EDIT-B RNA editing BMs statistically improves 
model performance (DeLong’s test, p<0.05), as reflected by higher AUC-ROC values in the blue curves (respectively AUC study 1=0.901, AUC study 
2=0.904 and AUC study 3=0.873) compared with the red curves (respectively AUC study 1=0.732, AUC study 2=0.723 and AUC study 3=0.772). A-
to-I, adenosine-to-inosine; AUC, area under the curve; BMs, biomarkers; ROC, receiver operating characteristic; SHAP, SHapley Additive exPlanations.
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comorbidities showed no significant association with misclas-
sification (p>0.2).

The diagnostic performances for EDIT-B test (online supple-
mental table 8) achieved a sensitivity of 82.6% (95% CI 75.7% 
to 88.2%), a specificity of 80.3% (95% CI 74.6% to 85.1%), a 
negative predictive value of 87.6% (95% CI 82.5% to 91.7%), 
a PPV of 73.1% (95% CI 65.9% to 79.6%) and an overall accu-
racy of 81.2% (95% CI 77.0% to 84.9%). These results confirm 
the potential use of the EDIT-B test for providing a robust sepa-
ration between patients with MDD and BD.

Among the four recruiting centres involved in this study, 
three were BD reference centres (Centre 001, Spain; Centre 
002, Denmark; Centre 003, France). BD reference centres are 
recognised for their expertise in the management of BD but also 
treat a broad psychiatric population, including patients with 
MDD. A detailed centre-based analysis was conducted to assess 
the AUC-ROC and AUC-PR curves of the EDIT-B test across the 
three BD reference centres (online supplemental figures 4A–C 
and 5A–C). Overall, the EDIT-B test showed high performance 
across all three BD reference centres (AUC-ROCs of 0.898 
(Centre 001), 0.887 (Centre 002) and 0.893 (Centre 003), 
respectively; AUC-PRs of 0.868 (Centre 001), 0.900 (Centre 
002) and 0.893 (Centre 003), respectively). Notably, AUC-ROC 
curves measured in the BD reference centres were superior to 
the non-BD reference centre (Centre 004, Spain; AUC 0.844). 
When combining data from the three BD reference centres 
(n=295), the EDIT-B test achieved an AUC-ROC of 0.891 and 
an AUC-PR of 0.892 (95% CI 0.855 to 0.927) (online supple-
mental figures 3B and 6A, online supplemental table 8) without 
significant differences from previously9 reported performance 
(DeLong’s test, p=0.7; online supplemental figure 6B).

EDIT-B model assessment
A-to-I RNA editing biomarkers
The panel of RNA editing-based blood biomarkers detailed 
above was sequenced in the current dataset (n=393). Differen-
tial analysis of selected RNA editing biomarkers was summarised 
in a ‘Target Editing Index’ (TEI) by gene, using the same method 
and preprocessing as the one applied to the development cohort 
(initial cohort used to develop and calibrate the EDIT-B algo-
rithm prior to independent validation), showing highly signifi-
cant discrimination (adjusted p<0.05) between MDD and BD 
populations, demonstrating robust biomarker performance 
across cohorts (online supplemental figure 7A–D).

Calibration and predictive density
We further assessed the reliability of the probabilistic predictions 
of EDIT-B using the analytical dataset (n=393). EDIT-B demon-
strated robust calibration and predictive performance across the 
cohort (Brier score=0.19, expected calibration error=0.19). 
The observed agreement between the predicted probabilities and 
the actual observed outcomes is illustrated in the density and 
calibration plots (online supplemental figure 8A,B).

Feature importance and sensitivity analysis
A global sensitivity analysis was performed to quantify the 
relative contribution of the variables to diagnostic predictions. 
SHapley Additive exPlanations (SHAP) analysis identified 
biomarker-related variables as the primary drivers of model 
predictions compared with treatment variables and other clinical 
factors (age, sex and addictions; figure 2C).

To assess the impact of RNA editing biomarkers on the diag-
nosis performance, the EDIT-B model was compared with a 

similar model not using RNA editing biomarkers. Briefly, in this 
analysis we compared: (a) a model without the RNA editing 
biomarkers including only clinical factors such as age, sex, addic-
tion and psychiatric treatment variables, and (b) EDIT-B, which 
integrates RNA editing biomarkers with clinical factors and 
psychiatric treatment features. Both models followed the same 
preprocessing and ML framework across the same three cohorts 
(development cohort: study 1; first Swiss external validation 
cohort: study 2; current second European external validation 
cohort: study 3), with discrimination assessed via AUC-ROC as 
the primary performance metric. The EDIT-B model achieved 
the highest AUC-ROC and significantly outperformed the 
model with age, sex, addictions and treatment alone in the three 
different cohorts (DeLong’s test, p<0.05 for three comparisons) 
(figure 2D).

Further, to assess a putative confounder effect of medication 
on EDIT-B performances, a detailed stratified analysis according 
to psychiatric treatment classes (based on WHO ATC) and 
patient status (treated vs untreated) is provided in figure  3; 
briefly, EDIT-B algorithm performance exhibits no significant 
differences in the different cases (treatment with antidepres-
sants, antipsychotics, anxiolytics and hypnotics/sedatives) except 
for antiepileptic treatment, for which diagnostic performances 
(AUC) were higher in untreated patients. The performance of 
EDIT-B was also evaluated across age, sex and BD subtypes, and 
a detailed subgroup analysis is provided in online supplemental 
figures 11 and 12 and online supplemental table 9. In summary, 
algorithm performance was consistent across disease charac-
teristics, psychiatric comorbidities, sex and age groups, while 
a higher AUC was observed in BD-I compared with BD type 
II (BD-II), although both subtypes maintained high diagnostic 
accuracy (>80%).

Additionally, diagnostic accuracy remained consistently high 
in younger populations (aged 18–25, 18–30 and 18–35; AUCs: 
0.902, 0.917 and 0.877, respectively; all p>0.35) (online 
supplemental figure 12) and remained consistent regardless of 
the age of disease onset (≤20 or ≤26 years; p=0.90 or 0.76, 
respectively) (online supplemental figure 13). Similarly, discrim-
inating power remained stable across illness duration (including 
early stages ≤1 year; AUC=0.893) (online supplemental figure 
14) and regardless of the number of depressive episodes (≤3 or 
≤4 episodes; p=0.71 or 0.35) (online supplemental figure 15). 
Finally, high sensitivity was maintained independently of the 
frequencies of manic, hypomanic and mixed episodes, with 
false-negative rates decreasing as episode frequency increased 
(online supplemental figure 16). Blood collection timing was 
homogeneous along the day for both groups, with no significant 
impact on the performances of the EDIT-B test (p=0.33) (online 
supplemental figure 17). Together, these findings corroborate 
the robustness of EDIT-B across diverse clinical trajectories and 
disease characteristics.

Pearson correlation analyses were performed between the 
RNA editing levels of biomarkers and various clinical, demo-
graphic and treatment-related covariates. A moderate associa-
tion (0.2–0.4) was observed between the number of episodes 
(manic, hypomanic and mixed), the age at onset of mania and 
RNA editing biomarkers from the genes GAB2, LYN, PTPRC, 
MDM2, PRKCB and ZNF267 (online supplemental figure 18).

Diagnostic utility
To evaluate the clinical utility of the model, a decision curve 
analysis was performed using the analytical dataset. In brief, the 
model demonstrated a higher net benefit compared with the 
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Figure 3  Stratified sensitivity analysis according to psychiatric treatment status. To evaluate the potential medication-related confounding effect, 
we conducted a stratified sensitivity analysis according to psychiatric treatment status (treated vs untreated) for (A) antidepressant treatment (N06A; 
treated=309 and untreated=84 patients), (B) antipsychotic treatment (N05A; treated=249 and untreated=144 patients), (C) antiepileptic treatment 
(N03A; treated=136 and untreated=257 patients), (D) anxiolytic treatment (N05B; treated=139 and untreated=254 patients) and (E) hypnotic/sedative 
treatment (N05C; treated=83 and untreated=310 patients). ROC curves and corresponding AUC values for treated and untreated patients across 
different psychiatric medication classes are displayed for this analysis, along with the p values indicating the statistical significance of the differences 
between the two groups. Notably, the comparison of AUC values for antiepileptics (DeLong’s test, p=0.03) is the only one showing a statistically 
significant difference. (F) The comparison between real antiepileptic drug uptake (antiepileptic-treated patients) and simulated no antiepileptic drug 
uptake (the model is artificially instructed to consider that patients are not taking antiepileptics) demonstrates no significant difference (p=0.95), 
supporting the robustness of the findings and indicating consistent diagnostic accuracy irrespective of treatment exposure. Psychiatric treatments 
were classified according to the WHO ATC classification system. ATC, Anatomical Therapeutic Chemical; AUC, area under the curve; ROC, receiver 
operating characteristic.
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default strategies of classifying all patients as bipolar or classi-
fying none as bipolar across a wide range of threshold probabil-
ities (online supplemental figure 19).

DISCUSSION
This study demonstrates that the innovative EDIT-B test has the 
potential to serve as a complementary tool to clinical evaluation 
and to improve the accuracy of differential diagnosis between 
MDD and BD. If implemented in clinical routine, such a tool 
could reduce the diagnostic delay for BD, enabling earlier patient 
management and appropriately tailored treatment, reducing the 
risk of antidepressant-induced mania17 and ultimately lowering 
hospitalisation rates and associated healthcare costs. Taken 
together, these results position the EDIT-B test as a potentially 
clinically actionable innovation with direct translational value 
for personalised and precision psychiatry.

Previous publication demonstrated that using EDIT-B allows 
differentiation of MDD from BD in two independent cohorts 
recruited in France and Switzerland. In the present study, we 
extend this work by evaluating the EDIT-B test (consisting of a 
locked model using exactly the same panel and algorithm/param-
eters) in a third, large and independent European multicentre 
cohort spanning three countries (France, Spain and Denmark). 
The current study validated EDIT-B test performances, combining 
high discriminative performance (accuracy, sensitivity and spec-
ificity >80%) with strong reproducibility across diverse clinical 
settings. When performed on the 393 patients from four centres 
in three countries, EDIT-B closely replicated the previous results 
from the original validation study,9 underscoring its robustness 
across independent cohorts. Moreover, the observed perfor-
mances were comparable in the great majority of stratification 
analyses, including psychiatric treatment, age at onset, illness 
duration, number of depressive/manic episodes, comorbidities, 
disease characteristics, BD subtype and sex. Remarkably, age-
stratified analyses demonstrate diagnostic performance consis-
tent across all age groups. This finding suggests the potential 
of the test for early clinical implementation. Altogether, these 
data support both EDIT-B clinical reliability and its potential for 
broad generalisability in real-world practice.

When analysis was restricted to patients clinically diagnosed 
at BD reference centres, EDIT-B performance was greater than 
that observed for the total population. There is a slight differ-
ence in concordance between the specialised reference centres 
for BD and the general psychiatry centre. Indeed, a lower PPV 
indicates a higher proportion of false positives in this centre, 
which slightly reduces the overall accuracy of the model. It is 
crucial that the diagnosis established by clinicians be as reliable 
as possible, since this test compares the clinical diagnosis with 
the EDIT-B test. This finding highlights the usefulness of such a 
tool as a diagnostic aid, particularly in general psychiatry centres.

Regarding the study population, participants with MDD and 
BD exhibited largely comparable baseline clinical characteristics, 
including age, sex, race, BMI, psychiatric treatment, suicidality, 
suicide behaviour and comorbidities, with the exception of a 
higher prevalence of panic disorders in BD. This consistency 
confirms that the recruitment process rigorously adhered to 
predefined inclusion criteria, ensuring balanced group compari-
sons. Moreover, while the mean duration of illness was compa-
rable across groups, BD tended to manifest earlier, with the first 
depressive episode typically preceding the onset of mania or 
hypomania. In this line, patients with BD experienced a higher 
lifetime number of depressive episodes as compared with patients 
with MDD.18 Family history patterns also revealed notable 

differences. A psychiatric family history was more prevalent in 
BD than in MDD, confirming the strong heritable component of 
BD, reinforcing its genetic underpinnings. Taken together, these 
findings underscore the complexity of mood disorders and the 
challenges of differentiating BD from MDD based solely on clin-
ical features during MDE.

Based on clinical features, distinguishing an MDE as part of 
BD versus MDD remains relatively subjective. This contributes to 
delays in accurate diagnosis, with the clinician’s experience and 
expertise playing a crucial role in improving diagnostic accuracy. 
In primary care, the Mood Disorder Questionnaire has demon-
strated a sensitivity around 70% in psychiatric outpatients19 and 
good accuracy for screening BD. In the same way, some studies 
indicate that for patients with bipolar spectrum illness, the sensi-
tivity reaches 70% only for BD-I.20 Meanwhile, scales such as 
the 32-item Hypomania Symptom Checklist, First Revision, 
have shown utility in detecting hypomanic symptoms,21 which 
can further aid in identifying at-risk patients. This confirms the 
need for an additional tool for the differential diagnosis of BD 
and MDD.

The biological plausibility of the EDIT-B signature is supported 
by the convergence of its constituent genes on pathways involved 
in immune signalling, neuroinflammation, oxidative stress and 
mitochondrial dysfunction. Notably, IFNAR1, IL17RA, PTPRC 
(also known as CD45), LYN, GAB2 and PRKCB participate in 
interconnected signalling networks regulating microglial activa-
tion and inflammatory responses through the PI3K-AKT, NF-κB 
and MAPK pathways,22–26 while MDM2 is associated with 
oxidative stress and mitochondrial homeostasis via the AKT-p53 
axis.27 28 The relationship between ZNF267 and the proposed 
neuroimmune signalling axis remains more elusive. As a tran-
scription factor, ZNF267 may modulate the expression of genes 
related to mood disorder and neuroinflammatory responses.29 
Together, these findings support the hypothesis that the EDIT-B 
signature reflects coordinated neuroimmune and oxidative stress 
mechanisms implicated in mood disorders.

EDIT-B puts on evidence the potential use of molecular 
signatures to elucidate the biological underpinnings of depres-
sion and BD. In this sense, feature importance and sensitivity 
analyses presented here highlight the key contribution of RNA 
editing biomarkers to BD diagnosis. The integration of RNA 
sequencing and ML is emerging as a powerful approach to 
enhance diagnostic precision in medicine, enabling the identifi-
cation of robust disease-specific molecular signatures with high 
precision. This approach underscores the transformative poten-
tial of AI-driven genomics and epigenomics in improving clinical 
outcomes, including for complex disorders in psychiatry, where 
epitranscriptomic signatures such as the EDIT-B test show great 
promise.

Limitations
The present study has some limitations. First, the majority of 
participants were white/Caucasian, reflecting the demographic 
profile of the recruitment centres. It may limit the general-
isability of our findings to more diverse populations. Second, 
the patients enrolled in this study were moderately or severely 
depressed, limiting the interpretation of EDIT-B results for the 
low severity depression states. Regarding the different bipolar 
subclassifications (ie, BD-I vs BD-II), diagnostic performance 
varied between BD-I and BD-II in distinguishing MDD from BD. 
Nonetheless, both subtypes achieved high diagnostic accuracy 
(>80%). Third, while EDIT-B results demonstrated no signif-
icant differences in most stratified sensitivity analyses across 
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medication subgroups, a significant difference was observed 
in the analysis of patients treated with antiepileptic drugs. 
However, the comparison between real antiepileptic drug uptake 
in treated patients and simulated no antiepileptic drug uptake 
(in which the model was artificially instructed to consider the 
patients were not taking antiepileptics) showed no significant 
difference (p=0.95). Fourth, the relatively high cost of the NGS 
(Next-Generation Sequencing)-based test may restrict its avail-
ability in clinical settings. Fifth, due to the real-world design of 
the study, detailed medication timing and fasting status were not 
recorded; however, subgroup analysis by sampling time suggests 
that the EDIT-B test performance is stable across the day. Finally, 
the study was prospective but cross-sectional, although based on 
patients with a proven BD or MDD trajectory; a longitudinal 
study with first-episode major depression would provide the 
greatest evidence in favour of the predictive value of the test.30 
To this end, the generalisability to high-genetic-risk populations 
is currently being addressed in an ongoing prospective study 
(NCT06507787).

CONCLUSION
In summary, this study provides additional evidence supporting 
the validity and clinical performance of the EDIT-B test as a 
potential complement to the objective diagnosis of BD in patients 
with depression. These findings contribute to the advancement of 
precision psychiatry and suggest that such molecular biomarkers 
could help reduce misdiagnosis and the risk of inappropriate 
treatment in clinical practice.
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Supplementary Methods: 

Eligibility criteria 

Eligible participants were adults aged 18-80 years with a clinical diagnosis of BD or MDD, 

currently experiencing a major depressive episode (MDE). Diagnoses were confirmed 

according to DSM-5 criteria using the Mini-International Neuropsychiatric Interview 

(MINI)[1]. Both inpatients and outpatients were eligible. A Montgomery-Åsberg Depression 

Rating Scale (MADRS)[2] score of 20 or higher at assessment was required for inclusion. BD 

participants must have had at least one prior manic or hypomanic episode, while MDD 

participants must have had at least one previous MDE. 

The exclusion criteria for participants are a Young Mania Rating Scale (YMRS)[3] of 12 or 

higher at the time of assessment, pregnancy, major central nervous system (CNS) affection, a 

diagnosis of schizoaffective disorder or having first-degree family history of BD for MDD 

participants. 

 

Sample size calculation 

The sample size was determined to ensure adequate precision in estimating test performance 

metrics (including sensitivity, specificity, accuracy, and AUC-ROC) based on previously 

obtained results[4]. A total sample size of 392 patients with depression was calculated to 

estimate the performance parameters with a precision of ±5%, using the methods proposed by 

Buderer[5]. Considering a maximal 10% attrition rate, 436 patients were supposed to be 

included. 

Data collection and management 

Data were recorded in an electronic case report form (e-CRF) by investigators and/or 

coordinators, with automated online checks for data integrity. After completion, final datasets 

were extracted, locked, and certified. The dataset was screened for missing values, and none 

were identified, confirming the completeness of the dataset. Participant data were 

pseudonymized and EDIT-B results were blinded to investigators until study completion 

(Supplementary Figure3). 

EDIT-B algorithm development 

EDIT-B is a locked ML algorithm with a fixed function based on ExtraTree (ET)[6] method, 

one of the most recent machine learning algorithms for classification, using 22 RNA editing 
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biomarkers, demographic data (age, sex), and psychiatric treatments (antidepressants, 

antiepileptics, antipsychotics (including lithium), anxiolytics, and hypnotics/sedatives, as well 

as alcohol and tobacco use. ExtraTrees method, derived from random Forest, adds another layer 

of randomness to decision forests: instead of searching for the optimal cut-point at each node 

during training, a random threshold is selected for each feature. ET forest requires the use of a 

training set used to construct the model and a test set to validate it. Development cohort (initial 

cohort used to develop and calibrate the EDIT-B algorithm prior to independent validation) was 

splitted into two samples: 60% of the dataset was used for the learning phase (n=147) and 40% 

was used for the testing phase (n=98). This splitting has been randomized and respected the 

initial proportion of the various status in each sample. We used a grid learning approach for 

each individual tree, where we stated certain maximum parameter sets (ntree= (500,1000), 

mtry= (1,20), splitrule=” extratrees” and min.node.size= (1,15)). The subtrees were trained with 

a classical k-fold cross-validation (k= (5,10)). EDIT-B model results were performed on the test 

dataset (N=98 samples)[4] that has never been used by the algorithm, the Switzerland 

multicentric study (N=143 samples)[4] and the European multicentric double-blind study (this 

study, N=393 samples). The implementation was done using the R ranger package (version 

0.13.1)[7] and R caret package (version 6.0-90)[8]. The process was randomly repeated 500 

times. To address the class imbalance between 63% MDD and 37% BD patients, various 

correction methods, including multi-downsizing techniques, were tested during the 

development phase. However, these were not selected for the final model as they did not provide 

a significant improvement in performance.  After removing all the models with a CV lower than 

15% in reproducibility and repeatability, for the probability scores, the final model was selected 

as the one that best minimized the training error and maximized the AUC ROC in the test 

dataset. The calibration of final model was performed on the development cohort. To ensure 

consistency across different datasets and centers, a standardized preprocessing pipeline 

(established during the development phase) was applied identically to all samples. This pipeline 

included Box-Cox normalization and z-score standardization. Because these preprocessing 

steps were fixed and applied uniformly, and because all samples were independently processed 

in a centralized external laboratory, no site-specific harmonization was required. 

Data analysis 

ROC curves and DeLong’s test (pROC R package[9]) were used to evaluate binary 

classification performance and compare AUC-ROC values across populations. Precision-Recall 

curves plot the positive predictive value (precision) against the sensitivity (recall) at various 

threshold settings. The Area Under Precision-Recall (AUC-PR) summarizes this curve in a 
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single value, representing the model's ability to correctly identify positive instances while 

minimizing false positives. These analysis were calculated using the precrec R package[10]. 

Model calibration and the distribution of predicted probabilities were assessed using a 

calibration plot (comparing predicted probabilities to the observed outcomes) and a density plot. 

A “Target Editing Index” (TEI), to summarize gene-specific RNA editing values, was 

calculated by linear combination of significant RNA editing variants maximizing AUC-

ROC[11]. TEI values were centered-scaled and normalized using Box-Cox transformation for 

each gene in the development cohort and the same pre-processing step, parameters and formula 

was applied to the validation cohorts. Decision curve analysis was performed with the rmda R 

package[12] to assess the net benefit of the diagnostic test across a wide range of threshold 

probabilities, balancing the gain from correctly identifying bipolar disorder against the harm of 

misclassifying unipolar depression. 
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Supplementary Table1. EDIT-B study summary 

Study title Clinical validation study for EDIT-B test: an aid for differential 
diagnosis of bipolar disorder, based on RNA editing blood 
biomarkers 

Short title EDIT-B 

Study participants In- and out adult patients between 18 and 80 years old diagnosed 
with bipolar disorder or major depressive disorder, and currently 
treated for an acute major depressive episode 

Study centers 4 centers in 3 countries (Denmark, France, Spain) 
• Center1: Hospital Clinic de Barcelona (Spain) 
• Center2: Psykiatrisk Center København (Denmark) 
• Center3: GHU Paris Psychiatrie & Neurosciences (France) 
• Center4: Parc Sanitari Sant Joan de Déu (Spain) 

Central laboratory SYNLAB Italia – Genetic Unit 
via Beato L. Pavoni 18 25014 Castenedolo (BS) (Italy) 

Start date June 2022 

Planned end date December 2024 

Ethics approval and 
registration number 

France/BRC ID: 2021-A03062-39 

Denmark/Journal-nr.: H-22010899 

Spain (Hospital Clinic): Reg. HCB/2022/0042 

Spain (Parc Sanitari Sant Joan de Déu): C.I. PS-05-22 

ClinicalTrials.gov ID: NCT05603819 

Study objectives and 
methods 

The objective of this study is to estimate three EDIT-B signatures 
in term of their external validity. For this purpose, performance of 
the test will be estimated by calculating for each signature its 
sensitivity, specificity and its accuracy to predict the diagnosis of 
bipolar disorder. Area under the ROC curve of each signature will 
be calculated. Additionally, positive predictive value, negative 
predictive value will be calculated. 
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Supplementary Table2. EDIT-B model hyper-parameters range and optimal parameters. 
Hyper-parameters of grid search for the EDIT-B model using the caret package in R. 

Abbreviations: mtry= the number of variables randomly sampled as candidates at each split; 

min.node.size= the minimum number of observations that must be in a terminal node; ntree= 

the number of trees in the forest; train.control= the number of folds to use in k-fold cross-

validation. 

Parameters Label Searched Range 
Optimal 

value 

mtry Splitting Rule [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20] 2 

min.node.size Minimal Node Size [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15] 1 

ntree Number of trees [500,1000] 1000 

train.control k-fold cross-validation [5,10] 10 
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Supplementary Table3. Demographic and clinical characteristics of patients included in 

the Analytical Set by clinical center. Data are the mean ± SEM. p-values of main 

characteristics are obtained with the student’s t-test or chi-squared test. Effect size is calculated 

using a Cohen's d. Benchmarks: |d| ≈ 0.2 small, ≈ 0.5 medium, ≈ 0.8 large. ᵇOdds ratio. ᶜCramér's 

V. Benchmarks: ≈ 0.1, small; ≈ 0.3, medium; ≈ 0.5, large. Abbreviations: MDD: Major 

depressive disorder patients; BD: bipolar disorder patients; MADRS: Montgomery-Åsberg 

Depression Rating Scale; YMRS: Young Mania Rating Scale; BMI: Body Mass Index. 
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Supplementary Table4: Sociodemographic characteristics. There were not significant 

differences in sociodemographic characteristics comparing MDD and BD patients. The 

majority of participants were single (42.2%) and lived either alone (36.6%) or with a partner 

(35.6%). Over half of the cohort reported a disability, predominantly temporary (37.7%). 

Educational levels were high, with 49.6% of patients holding a university degree and 41.5% 

having completed secondary school. Abbreviations: BD = bipolar disorder; MDD = major 

depressive disorder.  P-value and effect-size were calculated using chi-squared test and 

Cramér's V method respectively.  
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Supplementary Table5: Clinical disease characteristics. Compared with MDD, BD patients 

showed similar illness duration (~10–11 years) but more frequent (hypo)manic and depressive 

episodes, predominant depressive onset (88.4%), higher rates of psychotic symptoms and 

family history of affective and psychiatric disorders. Abbreviations: BD = bipolar disorder; 

MDD = major depressive disorder; SD = standard deviation. Psychiatric history: first and 

second generation. P-value and effect-size were calculated using Student’s t-test or chi-squared 

test and Cohen’s d or Odd Ratio (OR) method respectively.  
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Supplementary Table6: Mini-International Neuropsychiatric Interview (MINI).  
All participants had a current MDE with frequent past episodes, suicidal ideation and attempts 

were common in both groups, and psychiatric comorbidities (particularly panic disorder) were 

more frequent in BD. Abbreviations: MINI = Mini-International Neuropsychiatric Interview; 

BD = bipolar disorder; MDD = major depressive disorder; MDE = major depressive episode; 

PTSD = post-traumatic stress disorder. 

 

 

  

MINI MDD BD BD I BD II All

N 238 155 59 96 393

MDE - Time frame

  Current (2 Weeks) (n (%)) 238 (100%) 155 (100%) 59 (100%) 96 (100%) 393 (100%) 

  Past (n (%)) 196 (82.4%) 150 (96.8%) 57 (96.6%) 93 (96.9%) 346 (88.0%) 

  Recurrent (n (%)) 166 (69.7%) 121 (78.1%) 48 (81.4%) 73 (76.0%) 287 (73.0%) 

Manic episode

  Yes (n (%)) 0 62 (40.0%) 59 (100%) 3 (3.1%) 62 (15.8%) 

  No (n (%)) 238 (100%) 93 (60.0%) 0 93 (96.9%) 331 (84.2%) 

Hypomanic episode

  Yes (n (%)) 0 99 (63.9%) 5 (8.5%) 94 (97.9%) 99 (25.2%) 

  No (n (%)) 238 (100%) 56 (36.1%) 54 (91.5%) 2 (2.1%) 294 (74.8%) 

Suicidality

  Yes (n (%)) 200 (84.4%) 119 (76.8%) 46 (78.0%) 73 (76.0%) 319 (81.4%) 

  No (n (%)) 37 (15.6%) 36 (23.2%) 13 (22.0%) 23 (24.0%) 73 (18.6%) 

Suicide behavior disorder

  Yes (n (%)) 66 (27.8%) 36 (23.2%) 16 (27.1%) 20 (20.8%) 102 (26.0%) 

  No (n (%)) 171 (72.2%) 119 (76.8%) 43 (72.9%) 76 (79.2%) 290 (74.0%) 

Any psychotic disorder

  Yes (n (%)) 0 15 (9.7%) 13 (22.0%) 2 (2.1%) 15 (3.8%) 

  No (n (%)) 238 (100%) 140 (90.3%) 46 (78.0%) 94 (97.9%) 378 (96.2%) 

BD with Psychotic Features

  Yes (n (%)) 0 27 (17.4%) 27 (45.8%) 0 27 (6.9%) 

  No (n (%)) 238 (100%) 128 (82.6%) 32 (54.2%) 96 (100%) 366 (93.1%) 

Comorbidities

   Agoraphobia (Yes, n (%)) 21 (8.8%) 15 (9.7%) 5 (8.5%) 10 (10.4%) 36 (9.2%)

   Any Psychotic Disorder (Yes, n (%)) 0 15 (9.7%) 13 (22.0%) 2 (2.1%) 15 (3.8%) 

   Antisocial Personality Disorder (Yes, n (%)) 1 (0.4%) 4 (2.6%) 1 (1.7%) 3 (3.1%) 5 (1.3%)

   Alcohol Use Disorder (Yes, n (%)) 19 (8.0%) 11 (7.1%) 2 (3.4%) 9 (9.4%) 30 (7.6%)

   Anorexia Nervosa (Yes, n (%)) 0 0 0 0 0

   Binge-Eating Disorder (Yes, n (%)) 3 (1.3%) 5 (3.2%) 0 5 (5.2%) 8 (2.0%)

   Bulimia Nervosa (Yes, n (%)) 5 (2.1%) 2 (1.3%) 0 2 (2.1%) 7 (1.8%)

   Generalized Anxiety Disorder 36 (15.1%) 23 (14.8%) 6 (10.2%) 17 (17.7%) 59 (15.0%)

   Obessive-Compulsive Disorder (Yes, n (%)) 23 (9.7%) 10 (6.5%) 3 (5.1%) 7 (7.3%) 33 (8.4%)

   Panic disorder (Yes, n (%)) 34 (14.3%) 41 (26.5%) 14 (23.7%) 27 (28.1%) 75 (19.1%)

   PTSD (Yes, n (%)) 17 (7.1%) 6 (3.9%) 0 6 (6.3%) 23 (5.9%)

   Social Anxiety Disorder (Yes, n (%)) 22 (9.2%) 19 (12.3%) 4 (6.8%) 15 (15.6%) 41 (10.4%)

   Substance Use Disorder (Yes, n (%)) 10 (4.2%) 7 (4.5%) 3 (5.1%) 4 (4.2%) 17 (4.3%)
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Supplementary Table7. Analysis of misclassified cases (False Positives and False 
Negatives) according to clinical and demographics covariates. Detailed characterization of 

patients misclassified compared to correctly diagnosed individuals. Data are presented as means 

±SD or percentages. P-values indicate whether a specific clinical feature significantly 

differentiates misclassifications from true classification. All p-values were adjusted for multiple 

comparison using the Benjamini-Hochberg method.  Effect-size were calculated using odd ratio 

(OR) or mean difference (Δ mean) according to variable types. Only comorbidities with n>20 

are included. 
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Supplementary Table8. Diagnostic performances for EDIT-B test in analytical set and BD 
expert centers subgroup. The BD reference center population demonstrated superior AUC-

ROC (0.891, 95% CI: 0.854–0.929), as well as higher overall accuracy (84.1% vs. 81.2%), as 

compared to the full population (Analytical set). Abbreviations: AUC-ROC = Area under the 

receive operating characteristic curve; AUC-PR = Area under the Precision-Recall curve; 

CI95% = Confidence interval 95%; PPV: positive predictive value; NPV: negative predictive 

value, F1-score= Harmonic mean of PPV and Sensitivity, ECE= Expected Calibration Error. 

 

Diagnostic performances Analytical set BD reference centers 

AUC-ROC [CI95%] 0.873 [0.837 - 0.909] 0.891 [0.854 - 0.929] 

AUC-PR [CI95%] 0.843 [0.798 - 0.884] 0.892 [0.855 - 0.927] 

Sensitivity (%) [CI95%] 82.6% [75.7 - 88.2] 81.5% [73.9 - 87.6] 

Specificity (%) [CI95%] 80.3% [74.6 - 85.1] 86.3% [79.9 - 91.2] 

PPV (%) [CI95%] 73.1% [65.9 - 79.6] 83.3% [75.9 - 89.3] 

NPV (%) [CI95%] 87.6% [82.5 - 91.7] 84.7% [78.2 - 89.8] 

Accuracy (%) [CI95%] 81.2% [77.0 - 84.9] 84.1% [79.4 - 88.1] 

F1-score (%) [CI95%] 77.6% [72.9 - 81.9] 82.4% [77.6 - 86.9] 

Odds ratio [CI95%] 19.3 [11.4 - 31.7] 27.6 [14.8 - 51.6] 

Brier Score 0.19 0.19 

ECE 0.19 0.20 

True positives 128 110 

True negatives 191 138 

False positives 47 22 

False negatives 27 25 

N= 393 295 
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Supplementary Table9. Summary of EDIT-B performance in stratified sensitivity 
analyses. Performance metrics of the EDIT-B algorithm across various stratified sensitivity on 

the analytical set. Reported values include sample size (N), AUC-ROC, overall accuracy (Acc), 

sensitivity (Se), and specificity (Sp). The table highlights the stability of the test's discriminative 

power regardless demographic and basic clinical characteristics, disease progression, clinical 

complexity, comorbidities and psychiatric treatment status. BD: bipolar disorder; MDD: major 

depressive disorder; MADRS: Montgomery-Åsberg Depression Rating Scale; AUC-ROC: area 

under the receiver operating characteristic curve. 
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Supplementary Figure1. Proposed neuroimmune mechanisms underlying the EDIT-B 
signature genes in mood disorders. 

This figure illustrates a hypothetical mechanistic framework integrating the biological functions 

of genes included in the EDIT-B signature. (1) Type I interferon (IFN-I) and IL-17 signaling, 

mediated by IFNAR1 and IL17RA, respectively, activate transcriptional programs involved in 

immune responses and pro-inflammatory signaling through the JAK–STAT, ACT1/TRAF6, 

MAPK and NF-κB pathways[13–16]. ZNF267 is hypothesized to regulate transcriptional 

programs associated with inflammatory responses and mood disorders[17]. (2) PTPRC/CD45 

regulates the activation state of the Src-family kinase LYN, a key signaling hub controlling 

immune-cell activation[18]. (3) Activated LYN promotes recruitment and phosphorylation of 

the adaptor protein GAB2[19], leading to activation of the PI3K–AKT pathway downstream of 

multiple immune receptors, including cytokine receptors, Fcγ receptors and TREM2-associated 

signaling[20]. (4) In parallel, PRKCB activates NF-κB/MAPK signaling, enhancing the 

production of pro-inflammatory mediators and inflammasome activation[21,22]. AKT-

dependent regulation of MDM2 and the p53 pathway may further contribute to oxidative stress, 

mitochondrial dysfunction and amplification of inflammatory responses[23,24]. (5) Together, 

these converging pathways may promote sustained microglial activation, increased production 

of pro-inflammatory mediators, inflammasome activation, oxidative stress and aberrant 

synaptic pruning, resulting in chronic neuroinflammation and increased vulnerability to 

psychiatric disorders. Notably, experimental evidence demonstrates that direct IFNAR1 

signaling in microglia induces a type I interferon gene signature accompanied by increased 

PTPRC/CD45 expression, complement (C4b) activation and enhanced synaptic engulfment, 

supporting a mechanistic link between peripheral immune activation and neurobiological 

dysfunction[25]. The proposed interactions represent a synthesis of current evidence and should 

be considered a biologically plausible working model rather than a demonstrated signaling 

cascade. Created with BioRender.com. 
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Supplementary Figure2. STARD flow diagram of participants included in the EDIT-B 

consortium study. The EDIT-B consortium study is a multicenter study recruiting participants 

in four different centers in Spain, France and Denmark, respectively. Participants are assessed 

for eligibility with several inclusion and exclusion criteria during the inclusion visit. A total of 

426 participants were screened for eligibility: 259 with MDD, 165 with BD, and two with 

missing diagnostic data. Eight participants did not meet the inclusion/exclusion criteria. From 

the other 418 individuals, 14 were excluded for protocol deviations (three missing clinician 

signatures on consent forms at database lock, one with family psychiatric history, one with 

central nervous system (CNS) disease and nine with improperly handled blood system) and 14 

additional participants were excluded for intended use or technical quality criteria. The final 

analytical set included 393 participants: 238 with MDD and 155 with BD (3 participants were 

re-included in the analytical set following the delayed receipt of the Informed Consent Forms 

signed by the treating physicians). 
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Supplementary Figure3. Precision-Recall curves plot of the EDIT-B test in analytical set 
and BD reference centers. A) AUC-PR curve for the analytical set performed in the present 

study (AUC-PR=0.843, N=393); B) AUC-PR curve for the BD reference centers set performed 

in the present study (AUC-PR=0.892, N=295); Coral: Optimal Recall–Precision values using 

the same threshold for the two cohorts; Dark blue: PR-AUC curves. 
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Supplementary Figure4. ROC curves of EDIT-B test by BD reference center.  
An exploratory analysis was conducted to assess the AUC-ROC curves of EDIT-B test across 

the three BD reference centers. Overall, EDIT-B test demonstrated high performances across 

all three centers: A) BD reference center 001 (AUC=0.898, N=70); B) BD reference center 002 

(AUC=0.887, N=107); C) BD reference center 003 (AUC=0.893, N=118). Dark blue line: 

Empirical ROC curve, Dotted light blue line: Generalized ROC curve. 
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Supplementary Figure5. Precision-Recall curves (PR-AUC) plot of the EDIT-B test by BD 
reference center. A) BD reference center 001 (PR-AUC=0.898, N=70); B) BD reference center 

002 (PR-AUC=0.887, N=107); C) BD reference center 003 (PR-AUC=0.893, N=118); Coral: 

Optimal recall-precision values using the same threshold for the three centers; Dark blue: PR-

AUC curves. 
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Supplementary Figure6. ROC curves analysis of the EDIT-B test in BD reference centers 
and comparison with the previous study. 

A) Empirical and Generalized ROC curves of EDIT-B test in BD reference centers 

(AUC=0.891, N=295). Dark blue: Empirical ROC Curve, light blue: Generalized ROC Curve; 

B) ROC curve and confidence intervals comparison of the EDIT-B test in present bipolar 

reference centers vs previous study25 (p=0.7). Coral: previous study; Dark blue: present study 

in BD reference centers; P-value = p-value of the DeLong’s Test. 
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Supplementary Figure7. Targeting Editing Index (TEI) analysis of EDIT-B targets. 
Barplot representations of the TEI values for EDIT-B genes across four distinct cohorts: (A) 

the development cohort (N=245) from Montpellier University Hospital, (B) the first validation 

cohort (N=143) from the Swiss study at Les Toises centers, (C) the second validation cohort 

(N=393) from the EIT-Health study involving four European centers, and (D) the combined 

first and second validation cohorts (N=536). Blue bars represent unipolar patients and coral 

bars represent bipolar patients. Significant differences between the two groups are indicated by 

* (* adjusted p < 0.05, ** adjusted p < 0.01, *** adjusted p < 0.001). TEI values were centered, 

scaled, and normalized using Box-Cox transformation for each gene in the development cohort, 

and the same pre-processing steps, parameters and formula were applied to the validation 

cohorts. 
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Supplementary Figure8. Density and calibration analysis plots of the EDIT-B model.  
A) Density plot: The distribution of predicted scores shows both MDD and BD populations 

separated by the algorithm threshold. Light blue: MDD patients; Coral: BD patients; B) 

Calibration plot. A calibration plot comparing the observed proportion of positives outcomes 

vs the predicted probability. A low Brier score value indicates that the selected model is 

accurate and performs well in predicting the probabilities of the positive class. ECE: Expected 

Calibration Error. Dark blue points: patients’ values, dark blue line: predicted calibration line, 

light blue: 95% quantile interval. 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Ment Health

 doi: 10.1136/bmjment-2026-302859:e302859. 29 2026;BMJ Ment Health, et al. Weissmann D



25 

 

Supplementary Figure9. Stratified sensitivity analysis according to disease 
characteristics. Receiver operating characteristic (ROC) curves comparing the diagnostic 

performance of the EDIT-B test across several clinical and family history: (A) presence of 

psychotic symptoms, (B) first-degree family history, (C) history of affective pathology, (D) 

family history of completed suicide, (E) general family psychiatric history, and (F) depression 

severity based on MADRS scores (moderately vs. severely depressed). For all analyzed 

characteristics, no significant difference in the area under the curve (AUC) was observed 

between subgroups (all p > 0.19), indicating that the discriminative power of the EDIT-B test 

is robust and independent of these clinical features.  
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Supplementary Figure10. Stratified sensitivity analysis according to psychiatric 
comorbidities. Receiver operating characteristic (ROC) curves comparing the diagnostic 

performance of the EDIT-B test in patients with and without the following psychiatric 

comorbidities: (A) Agoraphobia, (B) Alcohol Use Disorder, (C) Generalized Anxiety Disorder, 

(D) Obsessive-Compulsive Disorder, (E) Panic Disorder, and (F) Social Anxiety Disorder. For 

all analyzed comorbidities, no significant difference in the area under the curve (AUC) was 

observed between the affected and unaffected populations (all p > 0.25). These results 

demonstrate that the discriminative power of the EDIT-B test is robust and independent of 

common psychiatric comorbidities. 
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Supplementary Figure11. Performance of the EDIT-B test across different demographics 
subtypes. Receive Operating Characteristic (ROC) curves were generated to evaluate the 

diagnostic performance of EDIT-B test across sex, age and bipolar disorder subtype. A) The 

EDIT-B test by sex shows similar performance for males (AUC = 0.888) and females (AUC = 

0.863) with a P-value of 0.49, indicating no significant difference. (B) The EDIT-B test across 

three age intervals ([18-35 years], [36-55 years], and [>55 years]) demonstrates consistent 

performance with AUC values of 0.877, 0.894, and 0.865, respectively, and a P-value of 0.92, 

indicating no significant difference among age groups. (C) The EDIT-B test by bipolar disorder 

(BD) subtype shows a statistically significant difference between BD-I (AUC = 0.913) and BD-

II (AUC = 0.849) with a P-value of 0.04.  
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Supplementary Figure12. Stratified sensitivity analysis according to young 

subpopulation. (A) Age distribution histograms and density plots for the analytical set 

(N=393), patients with major depressive disorder (MDD, N=238), and patients with bipolar 

disorder (BD, N=155). The green shaded area highlights the younger subpopulation (up to 35 

years), demonstrating a broad and representative age distribution across both diagnostic groups. 

(B) Receiver operating characteristic (ROC) curves comparing the diagnostic performance of 

EDIT-B across three young adult strata: 18–25 years (blue; AUC = 0.902, N=46, 24MDD and 

22BD), 18–30 years (orange; AUC = 0.917, N=78, 41MDD and 37BD), and 18–35 years 

(purple; AUC = 0.877, N=109, 57MDD and 52 BD). No significant differences in area under 

the curve (AUC) were observed between these subgroups (p = 0.79, 0.66, and 0.36, 

respectively), confirming that the diagnostic accuracy of the EDIT-B test is maintained in young 

adult populations.  
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Supplementary Figure13. Stratified sensitivity analysis according to age of onset disease. 

(A) Density plot illustrating the distribution of the age of disease onset in the study population, 

highlighting the peak (maximum density) at 20 years and the median age of onset at 26 years. 

(B) Receiver operating characteristic (ROC) curves comparing the diagnostic performance of 

EDIT-B for patients with an age of onset ≤ 20 years (blue; AUC = 0.874) versus those with an 

age of onset >20 years (coral; AUC = 0.879). (C) ROC curves comparing performance for 

patients with an age of onset ≤ 26 years (blue; AUC = 0.873) versus those with an age of onset 

>26 years (coral; AUC = 0.884). No significant differences in area under the curve (AUC) were 

observed between these subgroups (p = 0.90 and p = 0.76, respectively), indicating that the 

discriminative power of the EDIT-B test is independent of the age at which the disease first 

manifested. 
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Supplementary Figure14. Stratified sensitivity analysis according to illness duration. 
Density plot showing the distribution of illness duration in the analytical set (n=393), with 

markers indicating the 1-year and 5-year thresholds. (B) Receiver operating characteristic 

(ROC) curves comparing the diagnostic performance of EDIT-B for three subgroups: illness 

duration ≤ 1 year (blue; AUC = 0.893; N=143, 79MDD vs 64BD), ≤ 5 years (orange; AUC = 

0.864; N=211, 129MDD vs 82BD), and >5 years (purple; AUC = 0.885; N=181, 109MDD vs 

72BD). No significant differences in area under the curve (AUC) were observed between these 

groups (all p > 0.4), indicating that the discriminative power of the EDIT-B test remains 

consistent regardless of the time elapsed since disease onset.  
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Supplementary Figure15. Stratified sensitivity analysis according to number of 

depression episode. A) Density plot showing the distribution of the number of depressive 

episodes in the analytical set (n=393), with a median of 4 episodes and a peak (mode) at 3 

episodes. (B) Receiver operating characteristic (ROC) curves comparing the diagnostic 

performance of EDIT-B for patients with ≤ 3 depressive episodes (blue; AUC = 0.87) versus 

those with >3 episodes (coral; AUC = 0.849). (C) ROC curves comparing performance for 

patients with ≤4 depressive episodes (blue; AUC = 0.881) versus those with >4 episodes (coral; 

AUC = 0.836). In both analyses, no significant difference in area under the curve (AUC) was 

observed (p = 0.71 and p = 0.35, respectively), indicating that the discriminative power of the 

EDIT-B test is independent of the number of prior depressive episodes.  
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Supplementary Figure16. EDIT-B True Positive (TP) and False Negative (FN) rates 
according to the number of manic, hypomanic, and mixed episodes. The bar charts illustrate 

the proportion of True Positives (TP, blue) and False Negatives (FN, yellow) among patients 

with bipolar disorder, categorized by the number of prior episodes. (A) Performance relative to 

the number of manic episodes. (B) Performance relative to the number of hypomanic episodes. 

(C) Performance relative to the number of mixed episodes. Notably, the True Positive rate 

remains high across all strata, and the False Negative rate decreases toward zero as the number 

of episodes increases, demonstrating that the EDIT-B test's accuracy is maintained regardless 

of the frequency of manic/hypomanic/mixed episodes.  
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Supplementary Figure17. Stratified sensitivity analysis according to blood collection day-
times. (A) Distribution of blood collection times for MDD (orange), BD (red), and all patients 

(black). (B) ROC curves comparing EDIT-B performance for samples collected before 11:00 

AM (AUC = 0.91) and after 11:00 AM (AUC = 0.871). No significant difference in diagnostic 

accuracy was observed between the two time periods (p = 0.31), demonstrating the stability of 

the EDIT-B test regardless of the sampling hour. 
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Supplementary Figure18. Correlation analysis between RNA editing biomarkers and 
clinical covariates. Heatmap representing the Pearson correlation coefficients between the 22 

RNA editing biomarkers and a comprehensive set of patient covariates, including psychiatric 

medications, demographic data (age, sex, BMI, race), clinical scores (MADRS, YMRS), and 

disease characteristics (illness duration, age of onset, episode frequency, and psychiatric 

comorbidities). The predominantly neutral or light color scale indicates weak correlations 

across all variables, confirming that the EDIT-B molecular signatures are not significantly 

influenced by these potential confounding factors. 
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Supplementary Figure19. Decision Curve Analysis for the diagnostic performance of the 
EDIT-B model. The blue line represents the net benefit of the EDIT-B model in differentiating 

bipolar disorder from unipolar depression (shaded area indicates the 95% confidence interval), 

compared to the strategies of classifying all patients as bipolar (grey dashed line) or none as 

bipolar (black horizontal dotted line). The model consistently outperformed the assumption that 

“all” or “none” patients have bipolar disorder. The net benefit of the EDIT-B model remained 

significantly above the ‘all bipolar’ curve across most clinically relevant thresholds (from ≈ 0.2 

to 0.9). The fact that the 95% confidence intervals remained entirely above the ‘none bipolar’ 

baseline suggests that the EDIT-B model can effectively reduce diagnostic errors (specifically 

the over-diagnosis of bipolar disorder) while maintaining high sensitivity for the detection of 

bipolarity. 
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