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A B S T R A C T

Suicide remains a leading cause of premature mortality worldwide. Current treatments are limited by delayed 
onset, durability, or poor tolerability. This narrative review, informed by a structured literature search, 
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Suicide attempt
Neuromodulation
Transcranial magnetic stimulation
N-methyl-D-aspartate receptor antagonists
Opioid agonists

summarises the last decade of evidence on pharmacological and neuromodulation interventions for suicidal 
ideation (SI) or suicide attempt (SA) that are not approved for these indications. We searched PubMed for studies 
enrolling adults with SI or SA, including controlled trials and naturalistic/observational studies. Thirty-four 
studies were included: 22 pharmacological (13 efficacy, nine effectiveness) and 12 using neuromodulation 
(nine efficacy, three effectiveness). Across controlled trials, SI commonly improved within days to weeks. Some 
trials reported SI reduction beyond concurrent depression score changes, suggesting partial independence, but 
evidence remains inconsistent and method-dependent. Encouraging results were reported for NMDA-related 
drugs (NRX-101 and high-dose D-cycloserine; amantadine in Borna disease virus-1–positive depression), 
opioid-system modulation (buprenorphine at ultra-low and high doses in distinct populations), ayahuasca in 
major and treatment-resistant depression, and adjunctive pimavanserin. Smaller effects were observed for vor
tioxetine augmentation and insomnia-targeted zolpidem. Large observational datasets reported associations 
between lower suicidality and folic acid, benztropine, testosterone initiation in transgender adults, and non- 
vitamin K oral anticoagulants versus warfarin, whereas non-medical cannabis use was associated with worse 
SI trajectories. Neuromodulation evidence implicated accelerated or targeted repetitive transcranial magnetic 
stimulation, theta-burst stimulation, and magnetic seizure therapy for SI reduction, with longer-term observa
tional support for vagus nerve stimulation. Future trials should prespecify suicide-related outcomes, test inde
pendence from mood change, and assess durability and high-risk transition periods to advance suicide-specific 
treatment development.

1. Introduction

Suicide remains a major global public health concern, accounting for 
>720,000 deaths each year worldwide and ranking as the third leading 
cause of death among individuals aged 15–29 (WHO, 2025). In Europe, 
age-adjusted suicide mortality rates have been reported at approxi
mately 10.2 deaths per 100,000 people, with variation across countries 
and demographic subgroups in recent years (Zuin and De Leo, 2025). 
Sex differences show a stable pattern across studies and countries. 
Women generally show higher rates of non-fatal attempts and ideation, 
while men account for two- to eight-fold more deaths due to more lethal 
methods and lower help-seeking (Schrijvers et al., 2012). Estimates of 
the economic consequences of suicide in European contexts, based on 
indirect productivity losses, include €9.07 billion in productivity losses 
for suicide deaths across the EU-28 in 2015 and approximately €750 
million per year in Sweden when including both fatal and non-fatal 
outcomes (productivity and direct costs) in 2022 (Feldman, 2025;
Łyszczarz, 2021). Much of this burden is concentrated in clinical 
populations.

Psychiatric disorders are a major predictor of suicidal ideation (SI) 
and suicide attempt (SA). In major depressive disorder (MDD), the 
pooled lifetime prevalence of SAs reaches 31% (95% CI: 27–34%), 
which is over six times higher than in the general population (Jiang 
et al., 2024). Similar rates are observed in bipolar disorder (BD), psy
chotic, and substance use disorders (SUD) (Franklin et al., 2017). 
Beyond diagnostic associations, recent evidence from genetic studies 
suggests substantial pleiotropy between SI/SA phenotypes and a range 
of correlated psychiatric and non-psychiatric traits, which may help 
refine mechanistic targets for intervention development (Martone et al., 
2025). Initial evidence also suggests that SI may not simply represent a 
quantitative correlate of depressive symptom severity. Rather, it may 
follow partially different temporal and clinical patterns, with changes 
that may precede or occur independently of mood improvement 
(Batterham et al., 2019). Specifically, SI may emerge, improve, or recur 
on timescales that do not necessarily parallel broader mood trajectories, 
contributing to growing interest in suicide-specific therapeutic targets 
and interventions (Grunebaum et al., 2018).

A broad spectrum of clinical strategies was implemented to reduce 
suicide risk in these populations. Psychotherapeutic interventions, 
whether direct (i.e., explicitly targeting SI and SA) or indirect (i.e., 
addressing suicide-related outcomes as a secondary outcome in the 
treatment of a psychiatric disorder), showed small-to-moderate efficacy, 
with Hedges’ g ~ 0.30–0.39 for SI and a relative risk reduction of 
approximately 28–32% for SA (Van Ballegooijen et al., 2025). Recent 
digital psychotherapy has shown comparable efficacy (Hedges’ g ~ 0.48) 
in reducing SI, while offering scalable solutions that bypass barriers 

related to stigma and geographic accessibility (Oh et al., 2024).
Despite these advancements, pharmacological treatments remain the 

most widely adopted method for reducing suicidality (Zisook et al., 
2023). Among these, antidepressants are commonly prescribed, yet 
their therapeutic effects commonly start after several weeks. They may 
also increase suicide risk in children and adolescents, as well as adults 
during the early stages of treatment (Hetrick et al., 2012). Lithium has 
shown efficacy in mood disorders, reducing suicide risk by nearly 80% 
compared to placebo (Cipriani et al., 2013). Clozapine remains the only 
medication specifically approved for suicide prevention in schizo
phrenia, though its use is limited by serious haematological, metabolic, 
and cardiovascular adverse events (Masdrakis and Baldwin, 2023; Lee 
et al., 2023). Finally, sub-anaesthetic ketamine and intranasal esket
amine can reduce SI rapidly, but effects are typically short-lived (Shen 
et al., 2024).

These constraints have motivated the evaluation of novel compounds 
targeting GABAergic, orexinergic, inflammatory, metabolic, and psy
chedelic systems beyond the traditional monoaminergic system, with 
the aim of achieving rapid and broad antisuicidal effects independent of 
improvement of mood or psychotic symptoms (Scala et al., 2023). In 
parallel, advances in device-based interventions have increased interest 
in neuromodulation, broadly defined as the intentional alteration of 
nervous system activity through electrical, magnetic, or chemical stim
uli. This concept extends beyond the narrower scope of neuro
stimulation, which primarily refers to focal energy delivery (De Ridder 
et al., 2021). From electroconvulsive therapy (ECT) to advanced tech
niques such as deep brain stimulation, vagus nerve stimulation, repeti
tive transcranial magnetic stimulation, and transcranial direct-current 
stimulation, a wide range of neuromodulation strategies have been 
explored. However, evidence for suicidality-specific effects remains 
inconclusive (Kucuker et al., 2021).

Given the persistent burden of suicidality and the limitations of 
current treatments, this review synthesises recent evidence on emerging 
pharmacological and neuromodulation-based strategies with potential 
effects in reducing SI or SA. We focus specifically on therapeutic in
terventions that have not yet received regulatory approval for suicide 
prevention but have shown preliminary efficacy in controlled research 
settings and/or potential effectiveness in real-world clinical settings.

2. Methods

2.1. Literature search

This article is a narrative review informed by a structured literature 
search. Two reviewers (M.S. and E.M.) conducted an independent 
structured search on PubMed (National Library of Medicine), retrieving 
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eligible articles published over the last 10 years up to February 2025. 
Keywords related to investigational compounds with potential effects in 
reducing SI or SA and recent neuromodulation techniques were com
bined using the Boolean operator OR, and then linked to suicidality- 
related terms using AND. A full list of the pharmacological, neuro
modulatory, and suicide-related terms used in the search is provided in 
Supplementary Materials, Appendix I. Medical Subject Headings 
(MeSH) terms were also used when appropriate to enhance retrieval 
sensitivity. Reference lists of previous reviews and relevant articles were 
scanned for additional records. Any discrepancies were resolved by a 
senior reviewer (G.F.).

2.2. Eligibility criteria

Studies were included if they met the following criteria: 1) published 
in English in a peer-reviewed journal over the last 10 years; 2) involved 
adult individuals aged over 18 years with SI or SA; 3) provided data on 
the efficacy (i.e., the ability to reduce SI or SA under ideal and controlled 
conditions, such as in randomised clinical trials [RCTs]) or effectiveness 
(i.e., the ability to reduce SI or SA in real-world clinical settings, ac
counting for patient diversity and clinical variability) of pharmacolog
ical or neuromodulatory treatment either as monotherapy or adjunctive 
therapy; 4) suicide-related outcomes were assessed with: a) validated 
scales or scale items (i.e., the Columbia-Suicide Severity Rating Scale [C- 
SSRS], specific SI and SA items from the Hamilton Depression Rating 
Scale [HAMD], Montgomery-Åsberg Depression Rating Scale- Suicidal 
Ideation [MADRS-SI], Beck Scale for Suicide Ideation [BSSI or BSI], 
Scale for Suicide Ideation [SSI], Suicidal Ideation Attributes Scale 
[SIDAS], Clinical Global Impression of Severity for Suicide [CGI-SS], 
Quick Inventory of Depressive Symptomatology–Self Report [QIDS- 
SR]); or b) objective clinical measures (i.e., documented SA or SA 
frequency).

There were no restrictions based on study type (i.e., observational or 
interventional study), sex, study duration, diagnosis of psychiatric 
illness, or inpatient/outpatient status of the participants.

We excluded: 1) studies that only reported the lack of an increase in 
SI as part of safety and tolerability assessments for a pharmacotherapy; 
2) studies on ketamine/esketamine (studies evaluating non-ketamine 
interventions [e.g., NRX-101] in post-ketamine stabilisation/mainte
nance designs were still eligible), clozapine, or lithium due to their 
established anti-suicidal effects as this review focuses on novel in
terventions (Masdrakis and Baldwin, 2023; Shen et al., 2024; Cipriani 
et al., 2013); 3) books, editorials, letters to the editor, corrigenda, 
literature reviews, meta-analyses, clinical vignettes, conference pro
ceedings, theoretical articles, qualitative studies, grey literature, and 
newsletters, as well as conference abstracts.

2.3. Data extraction and presentation of results

Data from the included studies were extracted independently by two 
reviewers (M.S. and E.M.), collecting the following information: study 
type, design and duration, diagnosis, prescribed daily dose, route of 
administration, treatment modality (monotherapy or adjunctive treat
ment), and treatment duration. For neuromodulation interventions, 
additional data were extracted on stimulation modality and related 
parameters. The primary outcome was the efficacy or effectiveness of 
the drug or neuromodulation intervention in reducing SI or SA. Any 
discrepancies between reviewers were resolved by a senior reviewer (G. 
F.).

The data were organised and presented in both tabular and narrative 
formats, according to the review question. Given heterogeneity in study 
designs, populations, and suicide-related outcome definitions, a narra
tive review informed by a structured search was selected a priori. We did 
not perform a quantitative synthesis or formal risk-of-bias assessment 
because the available evidence combined randomised trials, post hoc 
analyses, open-label studies, observational cohorts, and survey-based 

studies, with variable ascertainment of suicidal ideation and behav
iour. Further restriction of the inclusion criteria would have excluded 
relevant early-phase and exploratory interventions. The narrative 
approach was considered the most appropriate method to address the 
breadth and methodological heterogeneity of the emerging literature 
and to facilitate an integrated interpretation of the available data. 
Findings are therefore presented descriptively, with controlled trials and 
observational studies interpreted separately.

3. Results

Thirty-four studies met the inclusion criteria: 22 investigated phar
macological agents (13 efficacy trials, nine effectiveness studies) and 12 
examined neuromodulation approaches (nine efficacy, three effective
ness in naturalistic settings). Study-level details are provided in Table 1.

Participants included individuals with MDD, including treatment- 
resistant depression (TRD), BD, borderline personality disorder (BPD), 
SUD, schizophrenia, and gender dysphoria. Six of the 34 included 
studies (17.6%) enrolled adults with primary SI without a psychiatric 
disease (Yovell et al., 2016; Nolan et al., 2023; Gibbons et al., 2022; 
Jones and Nock, 2022; Yang et al., 2022; Li et al., 2024a). Fig. 1 shows 
diagnostic distributions across drug and neuromodulation studies. Fig. 2
summarises intervention duration, follow-up length, and, when re
ported, the earliest timepoint of a statistically significant anti-suicidal 
effect, in efficacy studies. Due to heterogeneity in study design and 
inconsistent reporting of temporal information, data for effectiveness 
studies are presented in the Supplementary Figure S1.

3.1. Pharmacotherapy

Pharmacological strategies targeted multiple mechanisms, including 
N-methyl-D-aspartate (NMDA) receptor modulation (NRX-101, aman
tadine, D-cycloserine [DCS]), classic and novel psychedelics (ayahuasca, 
psilocybin, lysergic acid diethylamide [LSD], 3,4-methylenedioxyme
thamphetamine [MDMA], other tryptamines), opioid-system modula
tion (buprenorphine), monoaminergic agents (paroxetine, bupropion, 
vortioxetine), serotonin/dopamine receptor modulators (pimavanserin, 
brexpiprazole), and GABA-A receptor positive allosteric modulators 
(zolpidem). Additional agents comprised folic acid, benztropine, 
testosterone therapy, cardiovascular drugs (non-vitamin K oral antico
agulants [NOACs] vs. warfarin), and cannabis. Secondary outcome do
mains reported across pharmacological studies are summarised in Fig. 3.

3.1.1. NMDA receptor–related strategies
Three RCTs investigated the efficacy of NMDA receptor modulation 

as a strategy to reduce SI.
NRX-101, an oral combination of high-dose DCS (350–950 mg) and 

lurasidone (16.5–66 mg), produced greater SI reductions than lur
asidone alone in bipolar depression after ketamine response, at both 4 
and 6 weeks, with consistent effects across C-SSRS (Δ = –1.5, p = 0.02) 
and CGI-SS (Δ = –2.9, p = 0.02) (Nierenberg et al., 2023). Similarly, 
adjunctive high-dose DCS alone (250–1000 mg) in TRD (MDD and BD) 
led to greater reductions in HAMD item 3 over 6 weeks vs. placebo (F(1, 
26) = 7.91, p = 0.01), though no antidepressant effects were observed 
(Chen et al., 2019). In contrast, amantadine (200 mg/day), tested in 
MDD/BD for Borna disease virus 1 (BDV-1)–positive patients, showed a 
progressive and large effect on SI (HAMD-3), with Cohen’s d increasing 
from 0.66 at week 2 to 1.02 at week 7, and global superiority across 
HAMD items (Cohen’s d = 1.05) (Dietrich et al., 2020).

Overall, NMDA-related interventions were associated with re
ductions in SI over weeks in controlled designs, with variable evidence 
for separation from overall depressive symptom change.

3.1.2. Psychedelics
Two clinical trials investigated the efficacy of ayahuasca for rapidly 

reducing SI. In an open-label study, a single oral dose (2.2 mL/kg) in 
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Table 1 
Summary of included studies published in peer-reviewed journals until February 2025 assessing the effect of pharmacological and neuromodulation treatments on suicidal ideation (SI) and suicide attempt (SA). Table 1a 
presents studies evaluating the efficacy of pharmacological treatments, while Table 1b includes studies assessing the effectiveness of pharmacotherapy in reducing SI/SA in real-world clinical contexts. Table 1c presents 
studies evaluating the efficacy of neuromodulation treatments, and Table 1d includes studies assessing the effectiveness of neuromodulatory interventions in routine clinical practice.

Table 1a
PHARMACOTHERAPY
Study, category, and 

intervention
Diagnosis Intervention details and 

treatment context
Study design and registration Duration and follow-up Baseline suicidality measure 

(s)
Sample characteristics Efficacy on SI/SA

Study: Nierenberg et al., 2023; 
Category: NMDA modulation; 
Intervention: NRX-101 
(D-cycloserine + lurasidone).

BD Dose/route: DCS 350–950 
mg + lurasidone 16.5–66 
mg, oral; Modality: 
sequential oral treatment 
after initial ketamine 
response.

Study type/registration: phase 2 
RCT; NCT02974010; Design: 
phase 2 randomised oral- 
treatment comparison after initial 
ketamine response: lurasidone 
(n = 5) versus NRX-101 (n = 12).

Stage 1: initial ketamine- 
response phase on day 1; 
Stage 2: oral treatment 
from day 2 to day 42 (6 
weeks); Assessments/ 
follow-up: days 28 and 
42; Hospitalisation: 48- 
hour supervision during 
the initial ketamine- 
response phase.

C-SSRS at start of Stage 2 (day 
2): lurasidone group = 2.4; 
NRX-101 group = 3.0.

N enrolled (sex): 22 (6 F/ 
16 M); Stage 2 efficacy 
sample: n = 17 (NRX-101 
n = 12; lurasidone n = 5); 
Mean age, years: 39.5 ±
11.43.

NRX-101 ↓ SI versus 
lurasidone alone at day 28 (C- 
SSRS least-squares mean Δ: 
− 1.3, p = 0.04; CGI-SS least- 
squares mean Δ: − 2.9, 
p = 0.05) and day 42 (C-SSRS 
Δ: − 1.5, p = 0.02; CGI-SS Δ: 
− 2.9, p = 0.02) under LOCF.

Study: Dietrich et al., 2020; 
Category: NMDA modulation; 
Intervention: Amantadine 
sulfate.

MDD or BD; all 
BDV-1 
seropositive

Dose/route: 200 mg/day, 
oral; Modality: adjunctive 
treatment, with pre- 
existing therapeutic 
regimens maintained 
unchanged where present.

Study type/registration: Phase II 
RCT; DRKS00007649; Design: 
Randomised N = 36, 18 per arm; 
Period I analysed sample: N = 33, 
amantadine n = 16 and placebo 
n = 17; Period II cross-over: 
placebo n = 15 and amantadine 
n = 16; Cross-over completers: 
N = 31.

Intervention: two 7-week 
periods, each including 6 
weeks of treatment plus 1 
week washout; total 
double-blind cross-over 
phase: 14 weeks. Follow- 
up: 12 months with 
optional amantadine 
treatment.

HAM-D item 3; baseline 
suicidality score not reported.

Period I analysed sample N 
(sex): 33 (21 F/12 M); 
Mean age, years: 52.79 ±
9.94.

Amantadine ↓ SI over the first 
2 weeks (Cohen’s d = 0.66, 
p = 0.04), with growing effect 
size at week 4 (d = 0.97) and 
week 7 (d = 1.02); After 7 
weeks amantadine was 
superior to placebo on all 
HAM-D items (mean 
d = 1.05). Item 3: Δ score 
amantadine = − 1.63 ± 0.9 
versus placebo = − 1 ± 1, 
p = 0.039.

Study: Chen et al., 2019; 
Category: NMDA modulation; 
Intervention: DCS.

TRD in MDD or 
BD

Dose/route: DCS 250 mg, 
500 mg, 750 mg, 1000 mg, 
oral; Modality: adjunctive 
to current medication.

Study type/registration: two-stage 
study; Stage 1 open-label 
ketamine phase; Stage 2 RCT; 
R000027142-UMIN000023581; 
Design: Stage 2 included ketamine 
responders randomised to DCS 
(n = 16) versus placebo (n = 16).

Stage 1: 1 week; Stage 2: 
6-week intervention with 
weekly follow-up/ 
assessment.

Baseline HAM-D item 3: DCS 
group = 0.31 ± 0.48; placebo 
group = 0.19 ± 0.54; between- 
group p = 0.495.

N (sex): 32 (24 F/8 M); 
Mean age, years: 46.2 (SD 
not reported).

DCS group showed ↓ HAM-D 
item 3 scores across time 
versus placebo (F(1, 
26) = 7.91, p = 0.01); day 0: 
0.31 (0.48) versus 0.19 
(0.54); day 42: 0.44 (0.63) 
versus 0.38 (0.62).

Study: Zeifman et al., 2021; 
Category: Psychedelics; 
Intervention: Ayahuasca.

MDD Dose/route: 2.2 mL/kg, 
oral, single dose; Modality: 
monotherapy.

Study type/registration: open- 
label trial; Design: single-dose, 
one-treatment-group inpatient 
study; SI assessed at baseline, 40, 
80, and 180 minutes post- 
administration, and at days 1, 7, 
14, and 21.

Intervention: single 
administration; Follow- 
up: 21 days.

Baseline MADRS item 10 (SI): 
2.4 ± 1.35.

Full trial sample N (sex): 17 
(14 F/3 M); Mean age, 
years: 42.71 ± 12.11. 
Suicidality analysis sample 
n = 15, after excluding 2 
participants with baseline 
MADRS item 10 (SI) = 0.

Ayahuasca produced acute 
and sustained ↓ in SI. Post- 
acute effect sizes were large, 
Hedges’ g = 1.31–1.75, with 
the largest effect at day 21, 
Hedges’ g = 1.75.

Study: Zeifman et al., 2019; 
Category: Psychedelics; 
Intervention: Ayahuasca.

TRD Dose/route: 1 mL/kg, oral; 
Modality: monotherapy 
after 2-week washout.

Study type/registration: RCT; 
NCT02914769; Design: Arm 1: 
ayahuasca (n = 14); Arm 2: 
placebo (n = 15); Setting: mainly 
outpatient care.

Intervention: single 
administration; Follow- 
up: 7 days.

Baseline MADRS item 10 (SI): 
ayahuasca = 3.36 ± 1.65; 
placebo = 1.40 ± 1.68.

N (sex): 29 (16 F/13 M); 
Mean age, years: 42.04 ±
11.66.

Group effect approached 
significance (p = 0.088); 
Medium between-group effect 
sizes: d = 0.58 (Day 1), 
d = 0.56 (Day 2), d = 0.67 
(Day 7); Large within-group 
effects for ayahuasca: 
d = 1.33 (Day 1), 1.42 (Day 
2), 1.19 (Day 7)

(continued on next page)
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Table 1 (continued )

Study: Ahmadi et al., 2018; 
Category: Opioid agonism; 
Intervention: Buprenorphine 
(sublingual).

MDD and OUD Dose/route: 32 mg, 64 mg, 
or 96 mg, sublingual; 
Modality: monotherapy.

Study type/registration: RCT; 
IRCT2016071325160N4; Design: 
randomised N = 51, 17 per group; 
treated/analysed N = 47 after 4 
refused dosing; analysed groups: 
32 mg n = 16, 64 mg n = 17, 96 
mg n = 14; Setting: inpatient care.

Intervention: 3 days; 
Follow-up: 14 days.

Baseline BSSI: 32 mg 
group = 8.50 ± 8.53; 64 mg 
group = 11.05 ± 9.58; 96 mg 
group = 8.24 ± 6.08.

N (sex): 47 (0 F/47 M); 
Mean age, years: 32.87 ±
7.50.

↓ in SI within all groups from 
baseline to day 3 (p < 0.01); 
No difference between doses 
(p = 0.408); No patients 
reported SI at 2-week follow- 
up; No placebo arm, so 
efficacy versus nonspecific 
inpatient or withdrawal- 
related effects cannot be 
estimated.

Study: Yovell et al., 2016; 
Category: Opioid agonism; 
Intervention: Buprenorphine 
(sublingual).

SI without SUD Dose/route: 0.44 mg/day, 
sublingual; Modality: 
adjunctive to ongoing 
clinical care; 
antidepressants were used 
by 70.2% of 
buprenorphine patients 
and 71.0% of placebo 
patients during the study.

Study type/registration: RCT; 
NCT01046851; Design: 
randomised 2:1 to buprenorphine 
or placebo (randomised: 
buprenorphine n = 57; placebo 
n = 31; modified ITT efficacy 
sample: buprenorphine n = 40; 
placebo n = 22); outpatient and 
inpatient care.

Intervention: 4 weeks; 
Assessments/follow-up: 
weekly from week 1 to 
week 4.

Baseline BSSI: 
buprenorphine = 19.7 ± 4.9, 
placebo = 19.6 ± 5.4; Baseline 
SPS: buprenorphine = 92.1 ±
18.1, placebo = 91.3 ± 16.5.

N (sex): 88 (63 F/25 M); 
Mean age, years: 37.3 ±
13.9. Modified ITT efficacy 
sample: n = 62.

BSSI ↓ greater in 
buprenorphine versus placebo 
at week 2: MD = − 4.3 (95% 
CI: − 8.5 to − 0.2; p = 0.04); at 
week 4: MD = − 7.1 (95% CI: 
− 12.0 to − 2.3; p = 0.004); 
SPS score also ↓: MD = − 10.4 
(95% CI: − 19.7 to − 1.0; 
p = 0.03); SA: 1/57 
buprenorphine and 1/31 
placebo. No withdrawal 
symptoms reported at 1-week 
follow-up.

Study: Shelton et al., 2020; 
Category: Antipsychotics; 
Intervention: Pimavanserin.

MDD with 
inadequate 
response to 
ongoing SSRI or 
SNRI therapy

Dose/route: pimavanserin 
34 mg/day, oral; Modality: 
adjunctive to background 
SSRI or SNRI.

Study type/registration: Post hoc 
suicidality analysis of the 
CLARITY randomised, double- 
blind, placebo-controlled Phase 2 
trial; NCT03018340; Design: 
sequential parallel-comparison 
design; stage 1: placebo versus 
pimavanserin, randomised 3:1 for 
5 weeks; placebo non-responders 
were re-randomised 1:1 in Stage 2 
for another 5 weeks.

Intervention: 10 weeks 
total, with two 5-week 
stages; 30-day safety 
follow-up; Assessments/ 
follow-up: weekly from 
week 1 to week 10.

HAMD-17 item 3; C-SSRS. 
Stage 1 baseline HAMD item 3: 
placebo = 0.4; 
pimavanserin = 0.5. Baseline 
C-SSRS suicidal ideation, 
questions 1–3: placebo 30/ 
155, pimavanserin 15/52.

Stage 1 C-SSRS sample: 
placebo n = 155; 
pimavanserin n = 52. Stage 
1 HAMD item 3 shift/ 
sample denominator: 
placebo n = 152; 
pimavanserin n = 51. Stage 
2: placebo n = 29; 
pimavanserin n = 29. Sex 
and mean age were not 
reported in this post hoc 
paper.

Stage 1 HAMD item 3 
decreased more with 
pimavanserin than placebo at 
week 3, least squares mean 
difference = − 0.2, SE = 0.08, 
p = 0.012, Cohen’s d = 0.431. 
Among patients with baseline 
HAMD item 3 ≥1, week-3 
reduction also favoured 
pimavanserin, least squares 
mean difference = − 0.5, 
SE = 0.21, p = 0.038, Cohen’s 
d = 0.598; No increase in SI 
was observed on C-SSRS.

Study: Keilp et al., 2018; 
Category: Antidepressants; 
Intervention: paroxetine and 
bupropion.

MDD with SI and/ 
or prior SA

Dose/route: paroxetine 25, 
37.5, or 50 mg; bupropion 
150, 300, or 450 mg, oral; 
Modality: monotherapy.

Study type/registration: RCT; 
secondary analysis of Grunebaum 
et al., 2012; Design: Arm 1: 
paroxetine (n = 36); Arm 2: 
bupropion (n = 38); Setting: 
outpatient care.

Intervention: 8 weeks; 
Assessments/follow-up: 
weekly from week 1 to 
week 8.

Baseline SSI: 9.0 ± 7.1. N (sex): 74 (42 F/32 M); 
Mean age, years: 36.5 ±
12.7.

Both treatments ↓ SI, no 
between-group difference; 
Improvement was associated 
with change in subjective 
depressive symptoms (i.e., 
hopelessness); R² = 0.20, 
p = 0.0006 for subjective 
domain versus suicidality 
change, but not cognitive or 
somatic domains.

Study: Gorlyn et al., 2015; 
Category: Antidepressants; 
Intervention: paroxetine and 
bupropion.

MDD with SI and/ 
or prior SA

Dose/route: paroxetine 25, 
37.5, or 50 mg; bupropion 
150, 300, or 450 mg, oral; 
Modality: monotherapy.

Study type/registration: RCT; 
secondary analysis of Grunebaum 
et al., 2012; Design: Arm 1: 
paroxetine (n = 30); Arm 2: 

Intervention: 8 weeks; 
Assessments/follow-up: 
weekly from week 1 to 
week 8.

Baseline SSI: bupropion = 11.0 
± 7.7; paroxetine = 7.3 ± 6.5.

N (sex): 57 (30 F/27 M); 
Mean age, years: 
bupropion = 38.9 ± 11.5, 
paroxetine = 36.3 ± 12.5.

Changes in HDRS-23 scores 
and Buschke SRT memory 
performance significantly 
predicted changes in SSI 
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Table 1 (continued )

bupropion (n = 27); Setting: 
outpatient care.

scores (Multiple R = 0.63; 
F = 16.63; p < 0.001).

Study: Parris et al., 2018; 
Category: Antidepressants; 
Intervention: paroxetine and 
bupropion.

MDD with SI and/ 
or prior SA

Dose/route: paroxetine 25, 
37.5, or 50 mg; bupropion 
150, 300, or 450 mg, oral; 
Modality: monotherapy.

Study type/registration: RCT; 
secondary analysis of Grunebaum 
et al., 2012; Design: Arm 1: 
paroxetine (n = 36); Arm 2: 
bupropion (n = 38); Setting: 
outpatient care.

Intervention: 8 weeks; 
Assessments/follow-up: 
weekly from week 1 to 
week 8.

Baseline SSI: bupropion = 10.0 
± 7.4; paroxetine = 8.0 ± 6.7. 
HDRS-24 suicide item: 
bupropion = 1.95 ± 1.09; 
paroxetine = 1.75 ± 1.23. 
Columbia Suicide History 
Form: bupropion = 22/38, 
57.9%; paroxetine = 21/36, 
58.3%.

N (sex): 74 (42 F/32 M); 
Mean age, years: 
bupropion = 38.0 ± 12.0; 
paroxetine = 35.2 ± 12.7.

Patients with higher baseline 
anxiety experienced greater ↓ 
in SI with paroxetine 
compared to bupropion 
(t = 2.03, p = 0.047); Weekly 
anxiety scores were positively 
associated with concurrent 
SSI scores (Estimate = 0.32, 
95% CI: 0.07–0.57, t = 2.54, 
p = 0.012); In the high- 
anxiety group, predicted 
reduction in SSI was greater 
for paroxetine (ΔSSI = − 4.36, 
SE = 1.71, p = 0.010; 
bootstrap p = 0.055).

Study: McCall et al., 2019; 
Category: hypnotics/z-drugs; 
Intervention: zolpidem CR.

MDD with 
insomnia and SI

Dose/route: 6.25 mg – 
12.50 mg, oral; Modality: 
adjunctive to open-label 
SSRI initiated at 
randomisation.

Study type/registration: RCT; 
NCT01689909; Design: 
SSRI + zolpidem CR (n = 51) 
versus SSRI + placebo (n = 52); 
Setting: outpatient care.

Intervention: 8 weeks; 
Assessments/follow-up: 
in-person visits at weeks 
1, 2, 4, 6, and 8, followed 
by telephone safety/ 
clinical follow-up for 2 
weeks after randomised 
treatment.

SSI and C-SSRS (SI); Baseline 
SSI: zolpidem-CR = 12.2 ±
5.3; placebo = 11.8 ± 5.3; 
Baseline C-SSRS past-week 
ideation intensity: zolpidem- 
CR = 1.71 ± 1.03; 
placebo = 1.58 ± 1.02.

N (sex): 103 (64 F/39 M); 
Mean age, years: 40.5 ±
13.2.

No significant treatment 
effect on SSI, least-squares 
mean estimate = − 0.56, 
SE = 0.83, 95% CI: − 2.19 to 
1.08, p = 0.50, Cohen’s 
d = − 0.11. C-SSRS ideation 
intensity showed a significant 
advantage for zolpidem-CR, 
least-squares mean 
estimate = − 0.26, SE = 0.12, 
95% CI: − 0.50 to − 0.02, 
p = 0.035, Cohen’s 
d = − 0.26. The C-SSRS 
advantage was numerically 
larger in participants with 
severe baseline insomnia. 
Improvement in insomnia was 
longitudinally associated with 
reduced SSI after accounting 
for depressive symptoms 
excluding sleep and suicide 
items. No deaths or SA 
occurred.

Study: Nolan et al., 2023; 
Category: Hormones; 
Intervention: testosterone.

SI in gender 
dysphoria

Dose/route: IM 
testosterone undecanoate 
1000 mg or transdermal 
testosterone gel 1% (12.5 
mg/actuation), 4 pumps 
daily; Modality: 
monotherapy.

Study type/registration: Open- 
label trial; 
ACTRN1262100016864; Design: 
Arm 1: immediate initiation of 
testosterone (n = 31); Arm 2: 
standard care with a 3-month 
waiting period before testosterone 
initiation (n = 31); Setting: 
outpatient care.

Intervention: immediate 
testosterone initiation 
versus 3-month waiting- 
list standard care. 
Follow-up/assessment: 
baseline and month 3.

Baseline SIDAS: mean score 
not reported.

N: 62; Sex: not reported; 
Median age, years: 22.5 
(IQR 20-27).

Immediate testosterone 
initiation ↓ SI versus delayed 
treatment; mean difference in 
SIDAS score = − 6.5 points 
(95% CI: − 8.2 to − 4.8, p <
0.001).
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Table 1 (continued )

Some data (e.g., trial registration numbers, intervention duration, follow-up period, baseline suicidality scale scores, effect sizes, p values, and confidence intervals) were unavailable for some studies and are therefore not reported.
Abbreviations = BD: bipolar disorder; BDV-1: Borna disease virus 1; BSSI: Beck Scale for Suicidal Ideation; CGI-SS: Clinical Global Impression of Severity for Suicide; CI: confidence interval; CR: controlled release; C-SSRS: Columbia-Suicide 

Severity Rating Scale; DCS: D-cycloserine; HAM-D or HDRS: Hamilton Depression Rating Scale; IM: intramuscular; IQR: interquartile range; LOCF: last observation carried forward; MADRS: Montgomery-Åsberg Depression Rating Scale; MD: 
mean difference; MDD: major depressive disorder; NMDA: N-methyl-D-aspartate; NRX-101: D-cycloserine and lurasidone combination; OUD: opioid use disorder; RCT: randomised controlled trial; SA: suicide attempt; SD: standard deviation; 
SE: standard error; SI: suicidal ideation; SIDAS: Suicide Ideation Attributes Scale; SNRI: serotonin-noradrenaline reuptake inhibitor; SPS: Suicide Probability Scale; SRT: Selective Reminding Test; SSI: Scale for Suicidal Ideation; SSRI: selective 
serotonin reuptake inhibitor; SUD: substance use disorder; TRD: treatment-resistant depression.

Table 1b
PHARMACOTHERAPY
Study, category, and 

intervention
Diagnosis Intervention details and 

treatment context
Study design and registration Duration and follow-up Baseline suicidality measure 

(s)
Sample characteristics Effectiveness on SI/SA

Study: Gibbons et al., 2023; 
Category: Anticholinergics; 
Intervention: benztropine.

44% BD; 19% 
schizophrenia; 2% 
Parkinson’s 
disease

Dose/route: 55% 1 mg, 
29% 0.5 mg; 16% 2 mg, 
oral; Modality: adjunctive 
to antipsychotics.

Study type/registration: 
Retrospective cohort 
observational study; Design: 
Within-person exposure-only 
cohort design; Setting: outpatient 
care.

Follow-up window: up to 
8 years.

Not applicable. N (sex): 62,493 (33,934 F/ 
28,559 M); Mean age, 
years: 39.22 (SD not 
reported).

Benztropine ↓ suicidal events 
(SA) (HR = 0.63, 95% CI: 
0.50–0.80, p < 0.001); 
Duration-dose relationship 
observed with 6% reduction 
in suicidal events per 1 mg 
equivalent dosage per month; 
486 total suicidal events 
(0.8%) during follow-up.

Study: De Berardis et al., 2020; 
Category: Antidepressants; 
Intervention: vortioxetine.

SSRI-resistant 
MDD

Dose/route: 5–20 mg, oral; 
Modality: adjunctive to 
SSRI.

Study type/registration: 
Retrospective chart-review study; 
Design: Retrospective analysis of 
adult outpatients’ charts.

Intervention: 8 weeks. 
Follow-up/assessment: 8 
weeks.

HAM-D; SSI = 13.6 ± 4.4. N (sex): 36 (14 F/22 M); 
Mean age, years: 31.1 ±
5.8.

↓ in SSI (t = 9.1, df = 35, p <
0.001); 55.7% ↓ in SI scores; 
41.7% response rate, 33.3% 
remission on HAM-D.

Study: Francis et al., 2024; 
Category: Antipsychotics; 
Intervention: brexpiprazole.

BPD and 
cyclothymia with 
SI

Dose/route: 2 mg, oral; 
Modality: monotherapy 
(cross-tapered with 
quetiapine)

Study type/registration: Case 
report; Design: Single patient case 
report of a psychiatric inpatient.

Intervention: 3 weeks; 
Follow-up: not reported.

Not applicable. N (sex): 1 (1 F/0 M); Mean 
age, years: 26.0.

Gradual ↓ of SI and emotional 
instability after 1 week of 
starting brexpiprazole; Full 
remission with no SI or self- 
harm at 3-week follow-up.

Study: Gibbons et al., 2022; 
Category: Vitamins; 
Intervention: folic acid.

Not reported; 
general 
population with 
private insurance 
who filled a 
prescription for 
folic acid

Dose/route: 1 mg, oral; 
Modality: adjunctive.

Study type/registration: 
observational exposure-only 
cohort design; Design: within- 
person comparison of suicidal 
event rates before and after folic 
acid exposure; cyanocobalamin 
(vitamin B12) used as a negative 
control exposure; outpatient care.

Observation period: 2 
years.

Not applicable. N (sex): 866,586 (704,514 
F/162,072 M); Mean age, 
years: not reported.

Folic acid was associated with 
↓ SA (HR = 0.56, 95% CI: 
0.48–0.65, p < 0.001). Dose- 
response relationship: 5% 
monthly ↓ in suicidal events 
per 1 mg/day (HR = 0.95, 
95% CI: 0.93–0.97, p <
0.001). Negative control 
cyanocobalamin: no 
association with SA 
(HR = 1.01, 95% CI: 
0.80–1.27).

Study: Padmanathan et al., 2022; 
Category: Opioid agonism; 
Intervention/exposure: 
methadone or buprenorphine 
prescribed as OAT.

SUD; opioid 
dependence

Dose/route: methadone or 
buprenorphine as OAT, 
oral; specific dose not 
reported; Modality: 
observational exposure to 
OAT.

Study type/registration: 
Retrospective cohort study using 
primary care records linked to 
hospital admission and mortality 
data; Design: Comparison of 
suicide and self-harm risk during, 
before, and after OAT in a national 
UK outpatients’ cohort.

Total follow-up 40,599 
person-years for self- 
harm analyses and 
40,098 person-years for 
suicide analyses. Median 
patient follow-up, years: 
3.4, IQR 1.2–7.4. Median 
OAT episode duration: 
84 days, IQR 20–318; 
mean OAT episode 
duration, days: 327 ±
626.

Not applicable. N (sex): 8,070 (2,476 F/ 
5,594 M); Median age, 
years: 33.3 (IQR 
27.6–39.9).

46 deaths by suicide during 
study, rate 0.11 per 100 
person-years; OAT did not 
significantly affect suicide 
risk (aRR = 1.21, 95% CI: 
0.64–2.28, p > 0.6); Suicide/ 
self-harm risk highest in 4 
weeks after OAT 
discontinuation: self-harm 
aRR = 2.60, 95% CI: 
1.83–3.70; suicide 
aRR = 4.68, 95% CI: 
1.63–13.42. The suicide 
standardised mortality ratio 
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Table 1 (continued )

versus the general population 
was 7.5, 95% CI: 5.5–10.0.

Study: Bahorik et al., 2018; 
Category: Cannabinoids; 
Intervention: marijuana.

MDD Dose/route: not applicable 
(observational marijuana- 
use exposure); Modality: 
not applicable.

Study type/registration: 
Longitudinal observational study; 
Design: Arm 1: medical marijuana 
users; Arm 2: non-medical 
marijuana users; Arm 3: no 
marijuana users (reference group); 
Setting: outpatient care.

Observation period: 1 
year.

PHQ-9 item 9 (SI) N (sex): 307 (215 F/92 M); 
Mean age, years: 37.2 ±
13.8.

Non-medical marijuana use 
was associated with ↑ SI at 
baseline (B = 1.08, p = 0.002) 
and poorer mental health 
functioning (B = − 3.79, 
p = 0.015). Over 1 year, non- 
medical users showed less 
improvement in SI (B = 1.08, 
p = 0.003) and depressive 
symptoms (B = 1.49, 
p = 0.026), compared to non- 
users.

Study: Jones et al., 2022; 
Category: Psychedelics; 
Intervention/exposure: 
MDMA, psilocybin.

Not applicable 
(general 
population 
survey)

Dose/route: not applicable 
(population survey of 
lifetime psychedelic use); 
Modality: not applicable.

Study type/registration: Cross- 
sectional observational study; 
Design: Analysis of lifetime 
psychedelic use and past-year 
suicidality using survey data 
(NSDUH, 2008–2019)

Time frame: lifetime 
psychedelic use and past- 
year suicidality assessed 
in cross-sectional survey.

Not applicable. N: 484,732; Sex: not 
reported; Age: ≥18 years.

Lifetime MDMA use 
associated with ↓ odds of past- 
year SI (OR = 0.90, 95% CI: 
0.84–0.97, p < 0.01); MDMA 
also linked to ↓ odds of past- 
year suicidal planning 
(OR = 0.88, 95% CI: 
0.78–0.99, p < 0.05); 
Psilocybin use associated with 
↓ odds of SI (OR = 0.90, 95% 
CI: 0.83–0.96, p < 0.01)

Study: Yang et al., 2022; 
Category: Psychedelics; 
Intervention/exposure: LSD, 
DMT/AMT/Foxy, Salvia 
divinorum, MDMA, ketamine.

Not applicable 
(population-based 
survey)

Dose/route: not applicable 
(population survey of 
psychedelic use); Modality: 
not applicable.

Study type/registration: Cross- 
sectional observational study; 
Design: Analysis using survey data 
(NSDUH 2015–2020)

Time frame: psychedelic 
use and suicidality 
assessed in cross- 
sectional survey.

Not applicable. N: 241,675; Sex: not 
reported; Age: ≥18 years.

MDMA: associated with ↓ risk 
of suicidal thinking 
(aPR = 0.86; 95% CI: 
0.75–0.99); LSD: ↑ likelihood 
of suicidal thinking 
(aPR = 1.21; 95% CI: 
1.09–1.34); Salvia divinorum: 
associated with a ↑ likelihood 
of suicidal thinking 
(aPR = 1.41; 95% CI: 
1.00–1.97); DMT/AMT/Foxy: 
strongly associated with ↑ risk 
of suicidal thinking 
(aPR = 1.81; 95% CI: 
1.17–2.81)

Study: Li et al., 2024a; Category: 
Anticoagulants; 
Intervention/exposure: NOACs 
(71.74%) versus warfarin 
(28.26%).

AF Dose/route: oral 
anticoagulant exposure; 
dose not reported; 
Modality: observational 
comparison of 
anticoagulant strategy for 
AF.

Study type/registration: 
Retrospective study using Taiwan 
NHIRD and Cause of Death 
Registry; target trial emulation 
framework; NCKU HREC-E- 
110–453-2; Design: new-user 
comparison of NOACs versus 
warfarin; Setting: nationwide real- 
world outpatient, inpatient, and 
emergency claims data.

Mean follow-up: 
NOACs = 2.75 years; 
warfarin = 4.31 years. 
On-treatment sensitivity 
analysis mean follow-up: 
NOACs = 1.67 years; 
warfarin = 0.91 years.

Not applicable; patients with 
previous suicide-related events 
were excluded.

N (sex): 144,645 (62,772 
F/81,873 M), NOACs 
n = 103,768, warfarin 
n = 40,877; Mean age, 
years: 72.5 ± 11.8.

Patients on NOACs had lower 
risk of suicide-related 
outcomes compared with 
those on warfarin (HR = 0.82, 
95% CI: 0.69–0.96, 
p = 0.015). This was driven 
by SA: HR = 0.79, 95% CI: 
0.67–0.93.

Some data (e.g., trial registration numbers, intervention duration, follow-up period, baseline suicidality scale scores, effect sizes, p values, and confidence intervals) were unavailable for some studies and are therefore not reported.
Abbreviations = AF: atrial fibrillation; AMT: alpha-methyltryptamine; aPR: adjusted prevalence ratio; aRR: adjusted risk ratio; BD: bipolar disorder; B: unstandardised regression coefficient; BPD: borderline personality disorder; CI: confidence 

interval; DMT: dimethyltryptamine; Foxy: 5-methoxy-N,N-diisopropyltryptamine; HAM-D: Hamilton Rating Scale for Depression; HR: hazard ratio; IQR: interquartile range; LSD: lysergic acid diethylamide; MDMA: 3,4- 
methylenedioxymethamphetamine; MDD: major depressive disorder; NOACs: non-vitamin K oral anticoagulants; NSDUH: National Survey on Drug Use and Health; OAT: opioid agonist therapy; OR: odds ratio; PHQ-9: Patient Health 
Questionnaire-9; SA: suicide attempt; SD: standard deviation; SI: suicidal ideation; SSI: Scale for Suicidal Ideation; SSRI: selective serotonin reuptake inhibitor; SUD: substance use disorder.
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Table 1 (continued )

Table 1c
NEUROMODULATION
Study, category, and 

intervention
Diagnosis Intervention details and 

treatment context
Study design and registration Duration and follow-up Baseline suicidality measure 

(s)
Sample characteristics Efficacy on SI/SA

Study: Zhao et al., 2024; 
Category: theta-burst 
stimulation; Intervention: 
a-cTBS versus a-iTBS.

TRD with SI Dose/route: 10 sessions/ 
day, 1800 pulses/session, 
for 5 consecutive days; 
total 90,000 pulses. a-iTBS 
targeted the left DLPFC; a- 
cTBS targeted the right 
DLPFC using 
neuronavigation. 
Modality: active 
neuromodulation 
comparison while patients 
remained on a stable 
antidepressant regimen.

Study type/registration: RCT; 
ChiCTR2200055320; Design: a- 
cTBS versus a-iTBS.

Intervention: 5 days; 
Follow-up: 4 weeks.

Baseline BSI: a-iTBS = 21.09 ±
6.15; a-cTBS = 18.86 ± 6.08; 
Baseline HAMD-24 item 3: a- 
iTBS = 3.18 ± 0.39; a- 
cTBS = 3.27 ± 0.46.

N (sex): 44 (33 F/11 M); 
Mean age, years: a- 
iTBS = 18.59 ± 5.81, a- 
cTBS = 21.59 ± 7.83.

a-cTBS: greater SI ↓ over time 
than a-iTBS (p < 0.05, 
Bonferroni-corrected); 
Remission at week 5: a- 
cTBS = 72.73% versus a- 
iTBS = 31.82% (p < 0.01, 
corrected)

Study: Desmyter et al., 2016; 
Category: theta-burst 
stimulation; Intervention: 
a-iTBS.

TRD (MDD) Dose/route: 
neuronavigated left DLPFC 
a-iTBS; 110% resting 
motor threshold; 1,620 
pulses/session; 5 sessions/ 
day over 4 days per 
treatment week, for 20 
sessions and 32,400 pulses 
per active treatment week; 
Modality: monotherapy.

Study type/registration: RCT; 
NCT01832805; Design: crossover 
trial; week 1: active a-iTBS then 
sham, or sham then active a-iTBS 
in week 2.

Intervention: two 1-week 
crossover periods; each 
treatment condition 
consisted of 20 sessions 
delivered over 4 days; 
Follow-up: 4 weeks.

Baseline BSI: 13.3 ± 6.78. N (sex): 46 (32 F/14 M); 
Mean age, years: 41.9 ±
11.8.

↓ in BSI scores over time in 
suicidal subgroup: 13.31 at 
T1, 8.22 at T2, 7.53 at T3, 
5.26 at T4. Significant T1–T2 
decrease in mixed model, p <
0.01; post hoc T1–T2, T1–T3, 
and T1–T4 decreases all p <
0.05. No treatment-order 
effect, p = 0.66; no 
order × time interaction, 
p = 0.45; reduction unrelated 
to HDRS response, p = 0.378 
for response status and 
p = 0.19 for interaction. No 
worsening of SI; no suicide up 
to 6 months.

Study: Baeken et al., 2019; 
Category: theta-burst 
stimulation; Intervention: 
a-iTBS.

MDD Dose/route: 5 sessions/day 
for 4 days (32,400 stimuli), 
left DLPFC; Modality: 
monotherapy.

Study type/registration: RCT; 
NCT01832805; Design: crossover 
trial; week 1: active a-iTBS then 
sham, or sham then active a-iTBS 
in week 2.

Intervention period: 2 
weeks; Follow-up: 4 
weeks.

Baseline median BSI: 10.00 
(IQR 16.00).

N (sex): 45 (33 F/12 M); 
Median age, years: 44.00 
(IQR 19.00).

No significant difference in 
BSI score changes between 
active and sham (p = 0.62); 
improvement in SI correlated 
with ↓ perfusion in PFC.

Study: Wang et al., 2024; 
Category: tDCS; Intervention: 
tDCS.

BD with SI Dose/route: 30-min, 2-mA 
tDCS; twice daily on 
weekdays during week 1, 
then once daily on 
weekdays during weeks 
2–3, over left DLPFC; 
Modality: adjunctive to 
quetiapine 300 mg.

Study type/registration: RCT; 
NCT0559646; Design: Arm 1: 
quetiapine + active tDCS; Arm 2: 
quetiapine + sham tDCS; Setting: 
outpatient or inpatient care.

Intervention: 3 weeks, 
consisting of a 1-week 
acute phase plus a 2- 
week maintenance 
phase.

Baseline BSSI: score not 
reported.

N (sex): 31 (18 F/13 M); 
Mean age, years: active 
tDCS = 19.38 ± 6.19; sham 
tDCS = 17.60 ± 2.35.

Significant ↓ in suicidality (SI) 
in both groups (p < 0.001); 
Active tDCS > sham on BSSI 
reduction (p < 0.05); No 
difference in HDRS-17 or 
MADRS scores (p > 0.05)

(continued on next page)
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Table 1 (continued )

Study: Pan et al., 2020; Category: 
rTMS; Intervention: rTMS.

MDD with SI Dose/route: 1 session/day 
for 7 consecutive days; 
each session included 120 
trains of 5 s at 10 Hz, 6000 
pulses/session, 100% 
resting motor threshold, 
MRI-neuronavigated to left 
DLPFC BA46. Modality: 
adjunctive to escitalopram 
10 mg.

Study type/registration: RCT; 
ChiCTR1800017458; Design: Arm 
1 (n = 21): escitalopram 10 
mg + active rTMS; arm 2 (n = 21): 
escitalopram 10 mg + sham rTMS.

Intervention: 1 week; 
Assessments/follow-up: 
baseline, day 3, and day 
7.

Baseline BSSI: active 
rTMS = 19.00 ± 5.94; sham 
rTMS = 21.48 ± 5.91; 
between-group p = 0.183.

N (sex): 42 (35 F/7 M); 
Mean age, years: active 
rTMS = 18.14 ± 3.94; 
sham rTMS = 21.43 ±
6.79.

Active rTMS group had 
significantly greater BSI ↓ 
versus sham at days 3 and 7 (p 
< 0.001); By day 7, 57.14% in 
active group scored 0 on BSI; 
none in sham.

Study: Weissman et al., 2020; 
Category: MST; Intervention: 
MST.

TRD with 
suicidality (SI)

Dose/route: MST delivered 
at PFC with low (25 Hz), 
moderate (50–60 Hz), or 
high (100 Hz); up to 24 
sessions; Modality: 
adjunctive to stable 
antidepressant treatment.

Study type/registration: Open- 
label, secondary analysis; 
NCT01596608; Design: Arm 1 
(n = 29): MST 25 Hz; arm 2 
(n = 22): MST 50–60 Hz; arm 3 
(n = 16): MST 100 Hz.

Intervention: up to 24 
MST sessions, delivered 
2–3 times per week; 
Follow-up: 6 months.

Baseline BSSI: MST 25 
Hz = 10.3 ± 5.5; MST 50–60 
Hz = 11.0 ± 4.8; MST 100 
Hz = 12.1 ± 3.9.

N (sex): 67 (40 F/27 M); 
Mean age, years: 46.3 ±
15.3.

47.8% achieved remission; 
Large effect sizes (↓ SI) in low 
(d = 1.43; 95% CI: 0.59–1.88) 
and moderate (d = 0.87; 95% 
CI: 0.28–1.35) groups; Effect 
in high-frequency group not 
significant (d = 0.42; 95% CI: 
− 0.35 to 1.04)

Study: Sun et al., 2016; Category: 
MST; Intervention: MST.

TRD Dose/route: MST 
administered under 
general anaesthesia using a 
MagPro MST stimulator 
with twin coil; stimulation 
delivered over the frontal 
cortex at the midline 
position over Fz; patients 
were treated for up to 24 
sessions or until remission 
of depressive symptoms; 
Modality: procedural 
neuromodulation 
treatment; concomitant 
pharmacotherapy not 
specified in this secondary 
analysis.

Study type/registration: open- 
label trial; Design: single-arm, pre- 
post study.

Baseline TMS-EEG 
assessment: within 1 
week before MST 
initiation. Treatment 
course: up to 24 sessions 
or until remission of 
depressive symptoms; 
mean number of MST 
sessions = 16.9 ± 7.0. 
Suicidality assessment: 
SSI before MST and after 
completion of MST.

Baseline SSI: 9.0 ± 6.8; 30% 
scored 0.

N (sex): 27 (15 F/12 M); 
Mean age, years: 46.0 ±
15.3.

↓ SI; Post-treatment SSI mean: 
4.2 (SD 6.3); pre-post 
difference: 4.8 (SD 6.7), t 
(26) = 3.72, p = 0.001. 
Remission (SSI = 0) achieved 
in 53% (10/19 with baseline 
SSI ≥ 1); Baseline frontal 
N100 and LICI predicted 
remission (89% accuracy, 
AUC = 0.90, p = 0.003).

Study: Sun et al., 2018; Category: 
MST; Intervention: MST.

TRD Dose/route: 24 sessions or 
until remission of 
depressive symptoms 
(under general anaesthesia 
and neuromuscular 
blocker); EEG collected 1 
week before and 2 days 
after treatment; Modality: 
procedural 
neuromodulation 
treatment; concomitant 
pharmacotherapy not 
specified in this secondary 
analysis.

Study type/registration: Open- 
label clinical trial; NCT01596608; 
Design: single-arm MST study in 
patients with TRD.

Intervention/follow-up: 
MST course up to 24 
sessions or until 
depressive-symptom 
remission; no longer- 
term SSI follow-up 
reported.

Baseline SSI: 9.3 ± 6.3. N (sex): 23 (12 F/11 M); 
Mean age, years: 45.0 ±
12.2.

↓ SI; SSI decreased from 9.3 ±
6.3 to 4.3 ± 5.6 after MST, 
Z = 3.44, p < 0.001; Among 
patients with baseline SI, 8/ 
18 (44.4%) had resolution of 
SI, defined as post-treatment 
SSI = 0.

Study: Li et al., 2024b; Category: 
accelerated rTMS; 
Intervention: SAINT (rTMS).

MDD with SI Dose/route: MRI- 
navigated, sgACC 
functional-connectivity- 
guided DLPFC iTBS; 10 
sessions/day for 5 
consecutive days; 50- 
minute inter-session 
intervals; 18,000 pulses/ 
day; 90,000 total pulses; 

Study type/registration: single- 
arm open-label trial; 
NCT04653337; Design: SAINT in 
patients with MDD and moderate- 
to-severe SI.

Intervention: 5 days; 
Follow-up: immediately 
after treatment, 2 weeks, 
and 4 weeks.

Baseline BSI-CV = 17.63 ±
7.06; HAMD-17 item 3 = 3.00 
± 0.00; MADRS item 10 = 3.90 
± 0.30.

N: 32; Sex: not reported; 
Mean age, years: 27.66 ±
20.38.

SAINT ↓ SI as measured by the 
BSI-CV (F = 81.34, df = 2, 61, 
p < 0.001), item 3 of the 
HAMD-17 (F = 317.90, df = 2, 
66, p < 0.001), and item 10 of 
the MADRS (F = 314.72, 
df = 2, 64, p < 0.001) across 
follow-up assessments; 
Response rates for SI were 

(continued on next page)
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Table 1 (continued )

90% resting motor 
threshold; Modality: 
adjunctive to 
antidepressant medication 
(venlafaxine 75 mg/day or 
duloxetine 30 mg/day).

65.63% after treatment, 
78.13% at 2 weeks, and 
90.63% at 4 weeks.

Some data (e.g., trial registration numbers, intervention duration, follow-up period, baseline suicidality scale scores, effect sizes, p values, and confidence intervals) were unavailable for some studies and are therefore not reported.
Abbreviations = a-cTBS: accelerated continuous theta-burst stimulation; a-iTBS: accelerated intermittent theta-burst stimulation; AUC: area under the curve; BD: bipolar disorder; BSI/BSSI: Beck Scale for Suicidal Ideation; BSI-CV: Beck Scale for 

Suicidal Ideation, Chinese Version; cTBS: continuous theta-burst stimulation; DLPFC: dorsolateral prefrontal cortex; EEG: electroencephalogram; HAM-D/HDRS: Hamilton Depression Rating Scale; HAMD-17: 17-item Hamilton Depression 
Rating Scale; HDRS-17: 17-item Hamilton Depression Rating Scale; iTBS: intermittent theta-burst stimulation; LICI: long-interval cortical inhibition; MADRS: Montgomery-Åsberg Depression Rating Scale; MDD: major depressive disorder; 
MRI: magnetic resonance imaging; MST: magnetic seizure therapy; N100: N100 cortical evoked potential component; PFC: prefrontal cortex; RCT: randomised controlled trial; rTMS: repetitive transcranial magnetic stimulation; SA: suicide 
attempt; SD: standard deviation; SAINT: Stanford Accelerated Intelligent Neuromodulation Therapy; sgACC: subgenual anterior cingulate cortex; SI: suicidal ideation; tDCS: transcranial direct current stimulation; TMS: transcranial magnetic 
stimulation; TRD: treatment-resistant depression.

Table 1d
NEUROMODULATION
Study, category, and 

intervention
Diagnosis Intervention details and 

treatment context
Study design and registration Duration and follow-up Baseline suicidality measure 

(s)
Sample characteristics Effectiveness on SI/SA

Study: Abdelnaim et al., 2020; 
Category: rTMS; Intervention: 
rTMS.

Mood disorders 
(MDD, BD, 
depressive 
episode)

Dose/route: 6–50 rTMS 
sessions (mean 17.0 ±
6.5); mostly 20 Hz, 2000 
pulses/day; Modality: not 
reported.

Study type/registration: 
Retrospective cohort 
observational study; Design: 
Retrospective analysis of 
inpatients and outpatients 
receiving rTMS.

Treatment course: 6–50 
sessions; Follow-up: not 
reported.

HAM-D item 3: baseline score 
not reported.

N (sex): 332 (180 F/152 
M); Mean age, years: 47.3 
± 12.3.

↓ SI (HAM-D item 3), 
surviving Bonferroni 
correction; 47% of patients 
showing improvement.

Study: Weissman et al., 2018; 
Category: rTMS; Intervention: 
rTMS.

TRD (MDD) Dose/route: 15 sessions of 
either bilateral or left 
unilateral TMS or sham; 
Modality: adjunctive.

Study type/registration: 
Retrospective pooled analysis of 
RCTs; NCT01515215 and 
NCT00305045; Design: To 
compare the effectiveness of 
bilateral, left unilateral or sham 
rTMS on suicidality.

Intervention: 3 weeks; 
Follow-up: 6 weeks.

Baseline HDRS item 3: 
bilateral rTMS = 1.96 ± 0.6; 
left unilateral rTMS = 1.91 ±
0.6; sham = 1.88 ± 0.6.

N (sex): 156 (97 F/59 M); 
Mean age, years: 47.1 ±
13.9.

↓ SI; Bilateral rTMS was more 
effective than sham in 
reducing SI (OR = 3.03, 95% 
CI: 1.19–7.71, p = 0.02); 
Modest correlation between 
change in SI and change in 
depression severity (Pearson 
r = 0.38; p < 0.001).

Study: Aaronson et al., 2017; 
Category: VNS; Intervention: 
VNS.

TRD (MDD and 
BD)

Dose/route: implanted 
VNS pulse-generator; 
stimulation parameters 
individually titrated; 
Modality: adjunctive to 
TAU.

Study type/registration: 
Prospective, open-label, non- 
randomised observational study; 
NCT00320372; Design: 
TAU + VNS versus TAU alone; 
Setting: outpatient and specialty 
depression registry sites.

Planned follow-up visits: 
months 3, 6, 9, 12, 18, 
24, 30, 36, 42, 48, 54, 
and 60; Total follow-up: 
5 years.

QIDS-SR item 12 ≥ 2; MADRS 
item 10 ≥ 4; investigator- 
completed suicidality 
assessment for suicidal 
gesture/attempt since last 
visit.

N (sex): VNS safety 
population = 494 (350 F/ 
144 M); TAU safety 
population = 301 (211 F/ 
90 M). VNS mean age, 
years: 48.9 ± 10.1; TAU 
mean age, years: 49.9 ±
11.1.

Greater ↓ in suicidality (SI and 
SA) versus TAU: QIDS-SR item 
12 OR = 2.11 (95% CI: 
1.28–3.48, p = 0.035) and 
investigator assessment 
OR = 2.04 (95% CI: 
1.08–3.86, p = 0.029); The 
effect on MADRS item 10 did 
not achieve statistical 
significance (OR = 1.67, 95% 
CI: 0.98–2.83, p = 0.058); 
Deaths by suicide were 
numerically lower with VNS 
than with TAU, 1.01 versus 
2.20 per 1,000 person-years, 
with 2 deaths by suicide in 
each arm.

Some data (e.g., trial registration numbers, intervention duration, follow-up period, baseline suicidality scale scores, effect sizes, p values, and confidence intervals) were unavailable for some studies and are therefore not reported.
Abbreviations = BD: bipolar disorder; HAM-D/HDRS: Hamilton Depression Rating Scale; MADRS: Montgomery-Åsberg Depression Rating Scale; MDD: major depressive disorder; OR: odds ratio; QIDS-SR: Quick Inventory of Depressive 

Symptomatology–Self Report; RCT: randomised controlled trial; rTMS: repetitive transcranial magnetic stimulation; SA: suicide attempt; SD: standard deviation; SI: suicidal ideation; TAU: treatment as usual; TMS: transcranial magnetic 
stimulation; TRD: treatment-resistant depression; VNS: vagus nerve stimulation.
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patients with MDD led to acute and sustained SI reduction, peaking at 
day 21 with a large effect size (Cohen’s d = 1.75, p = 0.05) on MADRS-SI 
(Zeifman et al., 2021). A parallel RCT in TRD using a lower dose (1 
mL/kg) similarly found rapid within-group SI improvements (day 1 d =
1.33, day 7 d = 1.19), with medium between-group effects versus pla
cebo (d = 0.67 at day 7), though statistical significance was not reached 
(p = 0.088) (Zeifman et al., 2019).

In contrast, effectiveness data from large-scale surveys suggest var
iable associations between lifetime psychedelic use and suicidality. 
Analysis of nearly 485,000 adults found that MDMA and psilocybin use 
were associated with significantly lower odds of past-year SI (MDMA OR 
= 0.90, 95% CI: 0.84–0.97; psilocybin OR = 0.90, 95% CI: 0.83–0.96), 
while other hallucinogens showed no consistent associations (Jones and 
Nock, 2022). A separate population-based study confirmed MDMA’s 
protective association (aPR = 0.86, 95% CI: 0.75–0.99) but identified 
increased SI risk with LSD (aPR = 1.21, 95% CI: 1.09–1.34), salvia 
divinorum (aPR = 1.41, 95% CI: 1.00–1.97), and higher odds of suicidal 
planning with dimethyltryptamine/alpha-methyltryptamine/Foxy (aPR 
= 1.81, 95% CI: 1.17–2.81) (Yang et al., 2022).

Overall, ayahuasca trials suggested rapid within-group reductions in 
SI, while population surveys reported mixed associations that varied 
across compounds and patterns of use.

3.1.3. Opioid-system modulation
Two RCTs assessed the efficacy of sublingual buprenorphine (partial 

agonist on µ receptor, antagonist on κ, δ receptors) in reducing SI, with 
different dosing strategies and populations.

In hospitalised men with comorbid MDD and opioid use disorder 
(OUD), high-dose buprenorphine (32–96 mg) produced rapid reductions 
in SI across all dose groups by day 3 (p < 0.01), with full remission in all 
participants at two weeks. No dose-response differences were observed 
(p = 0.408) (Ahmadi et al., 2018). Ultra-low-dose buprenorphine (0.44 
mg/day) administered as an adjunct to antidepressants in adults with 
severe SI without substance use, many with BPD, was associated with 
significantly greater SI reductions compared to placebo. At week 2, BSSI 
scores showed a mean difference of –4.3 (95% CI: − 8.5 to − 0.2, p =
0.04), increasing to –7.1 at week 4 (95% CI: − 12.0 to − 2.3, p = 0.004) 
(Yovell et al., 2016).

In contrast, a large cohort study comparing buprenorphine and 
methadone for OUD found no overall protective effect of drugs against 
suicide during treatment (aRR = 1.21, 95% CI: 0.64–2.28, p > 0.6), but 
suicide death and non-fatal self-harm (including SAs) rates were highest 
during the four weeks following treatment discontinuation 
(Padmanathan et al., 2022).

Across study types, buprenorphine showed rapid reductions in SI in 
controlled trials, whereas observational data highlighted heightened 
risk during the post-discontinuation period.

3.1.4. Antipsychotics
Two studies explored the role of antipsychotics in suicidality, with 

divergent levels of evidence.
In a post hoc subgroup analysis of a RCT, pimavanserin (receptor 

antagonist (5-HT2A); 34 mg/day) administered as an adjunctive treat
ment in patients with MDD unresponsive to selective serotonin reuptake 
inhibitors (SSRIs) or serotonin–norepinephrine reuptake inhibitors 
(SNRIs), was associated with greater reductions in suicidality and 
related depressive symptoms compared with placebo, with significant 
effects by week 3 as measured by HAMD item 3 (suicidality) and item 9 
(feelings of worthlessness), with a Cohen’s d = 0.431 (p = 0.012) 
(Shelton et al., 2020).

Effectiveness data are limited to a single case report describing a 26- 
year-old inpatient with BPD and cyclothymia. Brexpiprazole (dopamine, 
serotonin receptor partial agonist (D2, 5-HT1A) receptor antagonist (5- 
HT2A); 2 mg/day, oral) after cross-tapering from quetiapine was asso
ciated with a gradual reduction of SI and emotional instability within 
the first week, reaching full remission by week three (Francis et al., 

2024).
Overall, evidence for antipsychotics in suicidality outcomes was 

sparse, with one RCT post hoc signal for pimavanserin and only anec
dotal data for brexpiprazole.

3.1.5. Antidepressants
Three post hoc analyses of a single efficacy trial (Grunebaum et al., 

2012) evaluated paroxetine (SSRI; 25–50 mg/day) and bupropion 
(norepinephrine, dopamine reuptake inhibitor and releaser; 150–450 
mg/day) in MDD patients with active SI or history of SAs. Both agents 
reduced SI over 8 weeks, with no between-group differences. Reductions 
in SI were significantly predicted by subjective depressive symptoms 
such as hopelessness (R² = 0.20, p = 0.0006), but not by cognitive or 
somatic symptom change (Keilp et al., 2018). A related analysis found 
that improvements in verbal memory (the Buschke selective reminding 
test [SRT]) and depressive symptoms jointly predicted SI reduction (R =
0.63; F = 16.63; p < 0.001) (Gorlyn et al., 2015). Finally, among pa
tients with high baseline anxiety, paroxetine showed greater SI reduc
tion than bupropion (ΔSSI = –4.36, SE = 1.71, p = 0.010). Weekly 
anxiety severity was independently associated with concurrent SI (es
timate = 0.32, 95% CI: 0.07–0.57; p = 0.012) (Parris et al., 2018).

Complementing these findings, a small effectiveness study retro
spectively examined vortioxetine (serotonin reuptake inhibitor, partial 
agonist on serotonin receptor 1A (5-HT1A), antagonist on serotonin 
receptor 3 (5-HT3); 5–20 mg/day) as adjunctive treatment in SSRI- 
resistant depression. Over 8 weeks, SSI scores decreased by 55.7% (t 
= 9.1, df = 35, p < 0.001), with 33.3% achieving remission and 41.7% 
showing HAM-D response (De Berardis et al., 2020).

Across post hoc analyses and one naturalistic study, SI generally 
decreased over weeks, with potential effect modification by anxiety and 
signals linking ideation change to selected cognitive and depressive 
symptom domains.

3.1.6. Hypnotics
A single efficacy trial assessed zolpidem-controlled release (CR) 

(6.25–12.5 mg/day) as an adjunct to SSRIs in patients with MDD, 
insomnia, and SI. Over 8 weeks, zolpidem-CR had no significant effect 
on SI as measured by the SSI (Cohen’s d = –0.11), but produced modest 
yet significant reductions on the C-SSRS suicidal ideation score (Cohen’s 
d = –0.26), with a numerically greater effect among participants with 
severe baseline insomnia (McCall et al., 2019). Improvements in 
insomnia correlated with reductions in SI, indicating a possible indirect 
pathway via sleep normalization.

3.1.7. Hormones, anticholinergics, vitamins, cannabinoids, NOACs
A range of pharmacological interventions beyond conventional 

psychotropics has been explored for their potential to reduce SI, with 
varying levels of evidence.

Testosterone is the only agent tested under efficacy conditions. In a 
randomised open-label trial, immediate initiation in transgender in
dividuals led to greater reductions in SI over three months compared to 
delayed treatment (SIDAS Δ = –6.5, 95% CI: − 8.2 to − 4.8, p < 0.001), 
supporting the rapid benefit of early gender-affirming care (Nolan et al., 
2023).

Effectiveness data emerged from large-scale observational studies, 
three of which were population-based, including one exposure-only 
cohort design (Gibbons et al., 2022) and two retrospective cohort 
studies (Gibbons et al., 2023; Li et al., 2024a).

Folic acid use (1 mg/day) in over 860,000 adults was linked to fewer 
SAs over two years (HR = 0.56, p < 0.001), with a dose-response effect 
(HR = 0.95, p < 0.001), while no benefit emerged for cyanocobalamin 
(HR = 1.01, 95% CI: 0.80–1.27) (Gibbons et al., 2022). Similarly, 
long-term exposure to benztropine was associated with reduced suicidal 
events (HR = 0.63, 95% CI: 0.50–0.80, p < 0.001) in psychiatric and 
neurological populations, with an additional 6% reduction per 1 
mg/month increase in dose (Gibbons et al., 2023). Beyond these agents, 
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cardiovascular medications have also been implicated: among >140, 
000 patients with atrial fibrillation (AF), use of novel oral anticoagulants 
(NOACs) was associated with a significantly lower risk of suicide-related 
outcomes compared to warfarin (HR = 0.82, 95% CI: 0.69–0.96, p =
0.015), although rates of completed suicide did not differ (Li et al., 
2024a). Finally, evidence regarding cannabinoids indicated a diver
gent association with suicidality. In MDD, non-medical cannabis users 
showed higher SI at baseline (B = 1.08, p = 0.002) and less improvement 
in both SI (B = 1.08, p = 0.003) and depressive symptoms (B = 1.49, p =
0.026) compared to non-users over 1 year. Medical cannabis users 
showed more variable patterns, without consistent risk elevation 

(Bahorik et al., 2018).
Overall, these signals were largely observational and heterogeneous, 

ranging from associations with lower suicide-related outcomes for folic 
acid, benztropine, testosterone initiation, and NOACs, to worse ideation 
trajectories with non-medical cannabis use.

3.2. Neuromodulation

Several neuromodulation strategies have been tested in patients with 
depression and SI, including accelerated and standard theta-burst 
stimulation (intermittent [iTBS] and continuous [cTBS]), high- 

Fig. 1. Relative distribution of diagnostic groups across studies of drug efficacy, drug effectiveness, neuromodulation efficacy, and neuromodulation effectiveness. 
Each column is divided into coloured segments, with each colour representing one diagnostic category; absolute patient numbers are reported within each segment. 
*For the effectiveness group, the prevalence of patients with missing diagnostic information (NA) was adjusted to allow clearer graphical representation; the actual 
number of patients with NA diagnosis is 1,592,993. 
Abbreviations: BPD = Borderline Personality Disorder; BD = Bipolar Disorder; MDD = Major Depressive Disorder; NA = Not Applicable; SUD = Substance 
Use Disorder.

Fig. 2. Efficacy studies are represented with two bars per trial, indicating the duration of the intervention and the follow-up period. When available, a dot on the 
intervention bar marks the day on which a statistically significant anti-suicidal effect was first observed. 
Data on the onset of anti-suicidal effects were missing for some studies. In Weissman et al. (2020), the duration of the intervention was not specified.
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frequency or bilateral repetitive transcranial magnetic stimulation 
(rTMS), magnetic resonance imaging (MRI)-guided protocols, bifrontal 
transcranial direct current stimulation (tDCS), magnetic seizure therapy 
(MST) at different frequencies, and long-term vagus nerve stimulation 
(VNS).

In efficacy trials, SI reductions were often rapid, particularly in 
accelerated protocols (i.e., several sessions per day). In TRD, accelerated 
cTBS over the right dorsolateral prefrontal cortex (DLPFC) reduced SI 
more than iTBS (remission at week 5: 72.7% vs 31.8%, p < 0.01) (Zhao 
et al., 2024). Similarly, four days of iTBS decreased BSI scores (p < 0.01) 
in TRD, with effects persisting at four weeks, although improvements 
were also observed after sham stimulation, suggesting strong placebo 
contributions (Desmyter et al., 2016). Subsequent neuroimaging ana
lyses confirmed that these placebo-related improvements were linked to 
perfusion decreases in frontopolar cortices (Baeken et al., 2019).

In MDD, neuronavigation-guided high-dose rTMS combined with 
escitalopram 10 mg/day reduced SI by day 3, with 57% remission at day 
7 versus none in the sham group (p < 0.001) (Pan et al., 2020). Another 
rTMS intervention delivered over five days in patients with MDD and SI 
demonstrated rapid and sustained improvements, lowering BSI and 
MADRS/HAM-D suicidality scores (p < 0.001), with remission rates 
rising from 65.6% post-treatment to 90.63% at four weeks (Li et al., 
2024b).

MST in patients with TRD and suicidality produced consistent anti- 

suicidal effects: SI decreased significantly post-treatment (mean SSI 
reduction 4.8, p = 0.001), with remission in 53% of patients (Sun et al., 
2016), and around half in a subsequent trial (Sun et al., 2018). Further 
analyses indicated that low- and moderate-frequency MST yielded larger 
effect sizes (d = 1.43; 0.87) compared to high frequency (d = 0.42) 
(Weissman et al., 2020).

In bipolar depression, active tDCS plus quetiapine reduced BSSI 
scores more than sham by day 3 (p = 0.043), without changes in 
depressive symptoms (Wang et al., 2024).

Under effectiveness conditions, VNS provided sustained benefits: 
over five years, patients with TRD receiving adjunctive stimulation had 
lower SI than treatment as usual (QIDS-SR item 12 OR = 2.11, 95% CI: 
1.28, 3.48; p = 0.035) and fewer suicides (1.01 vs 2.20 per 1000 person- 
years) (Aaronson et al., 2017). Naturalistic rTMS studies also showed 
meaningful improvements in HDRS-item 3, with 47% of patients with 
mood disorders showing a reduction in SI in routine care (Abdelnaim 
et al., 2020) and bilateral rTMS proving superior to sham (OR = 3.03, 
95% CI: 1.19–7.71, p = 0.02) (Weissman et al., 2018).

Across studies, rTMS and theta-burst protocols showed the most 
consistent short-term reductions in SI, with reproducible post-treatment 
effects reported for magnetic seizure therapy and longer-term observa
tional support for VNS.

Fig. 3. Clinical features other than suicidal ideation or behaviour targeted by novel anti-suicidal agents, based on studies reporting these domains as secondary 
outcomes. Empty boxes indicate the absence of studies, while larger circles denote a greater number of studies exploring the given symptom. Increasingly darker 
shades of grey represent a higher proportion of studies showing a positive effect within that domain, whereas barred circles indicate a negative result. 
Abbreviations: Ach = Acetylcholine; CB1/CB2 = Cannabinoid Receptor 1/2; GABA = γ-Aminobutyric Acid; HPA = Hypothalamic–Pituitary–Adrenal Axis; NMDA-R 
= N-Methyl-D-Aspartate Receptor; Vit. K = Vitamin K.
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4. Discussion

This review synthesises adult clinical studies of emerging pharma
cological and neuromodulation interventions evaluated for SI and SA, 
spanning controlled trials and naturalistic studies. We excluded lithium, 
ketamine/esketamine, and clozapine as primary interventions because 
their anti-suicidal effects have been clearly proven and extensively 
synthesised elsewhere (Cipriani et al., 2013; Masdrakis and Baldwin, 
2023; Lee et al., 2023; Shen et al., 2024). Supplementary Table 1 
provides a structured overview of the clinical characteristics and 
mechanisms of action of these well-known anti-suicidal agents.

Across mechanistically heterogeneous strategies, efficacy studies 
suggest that SI may change over short timeframes, sometimes without 
being fully accounted for by concurrent changes in depressive symptom 
severity (Batterham et al., 2019; Grunebaum et al., 2018). However, as 
summarised in Table 2, the relationship between SI improvement and 
depressive symptoms change was not consistently assessed across 
included studies. Evidence for partially dissociable effects therefore re
mains preliminary. Some studies reported parallel improvements in SI 
and depressive symptoms (Bahorik et al., 2018; Dietrich et al., 2020; De 
Berardis et al., 2020; Francis et al., 2024; Gorlyn et al., 2015; Keilp et al., 
2018; McCall et al., 2019; Parris et al., 2018; Shelton et al., 2020), 
whereas others observed reductions in SI despite limited or absent an
tidepressant effects (Chen et al., 2019; Wang et al., 2024). These findings 
support, but do not establish, the hypothesis that SI can partly dissociate 
from global mood severity and should be directly measured as a treat
ment outcome in trials of pharmacological and neuromodulatory in
terventions. This interpretation is consistent with suicide-focused 
interventional neuroscience models, which argue that suicide-relevant 
states may require temporally sensitive assessment and direct interro
gation of neurocognitive circuits involved in acute suicidal crises, rather 
than relying only on global depressive symptom change as a proxy 
outcome (Barredo et al., 2021).

The evidence base spans efficacy designs, including randomised or 
otherwise tightly controlled trials, and effectiveness data derived from 
naturalistic or observational studies. In suicidality research, this 
distinction is interpretive as well as methodological. Controlled trials 
provide the strongest basis for causal inference under defined condi
tions, whereas observational associations are primarily hypothesis- 
generating given residual confounding, indication effects, and contex
tual influences. Findings from controlled trials are interpreted as sup
porting potentially modifiable treatment targets under defined 
conditions, whereas observational associations are treated as 
hypothesis-generating, particularly when treatment allocation is influ
enced by baseline risk or illness severity (Sendor and Stürmer, 2022; 
Langan et al., 2018).

4.1. NMDA-related strategies

Among pharmacological approaches, glutamatergic 
modulation—particularly NMDA receptor–related strategies—has been 
widely studied given converging links between synaptic plasticity, 
stress-related neuroadaptation, and SI (Hanson et al., 2024). Ketamine 
and esketamine provide evidence that SI can improve within hours, but 
these agents were outside the scope of the present synthesis because 
their anti-suicidal effects are already supported by meta-analytic evi
dence and have entered clinical practice in several settings (Shamabadi 
et al., 2022; Ballard et al., 2021; Shen et al., 2024).

Building on this evidence base, the studies reviewed here suggest 
that next-generation NMDA-related approaches may contribute to sus
taining or consolidating early improvement in SI after initial response. 
High-dose D-cycloserine (DCS; partial agonist at the NMDA receptor 
glycine site), as monotherapy or as part of NRX-101 (i.e., DCS plus 
lurasidone), was associated with greater reductions in suicidality mea
sures than comparator conditions in controlled designs (Nierenberg 
et al., 2023; Chen et al., 2019). Notably, these effects emerged over 

weeks rather than hours, raising the hypothesis that NMDA partial 
agonism may act on consolidation of cognitive–affective change rather 
than immediate symptom improvement.

Mechanistic experimental and interventional studies provide 
convergent support. DCS has been associated with modulation of 
cognitive domains relevant to SI, including positive emotional memory 
and autobiographical memory specificity (Chen et al., 2021). In addi
tion, DCS combined with intermittent theta-burst stimulation in MDD 
was associated with reductions in SI and changes in an implicit 
suicide-risk marker measured by the death/suicide Implicit Association 
Test (Sohn et al., 2025). Together, these findings justify larger trials that 
prespecify suicidality endpoints, formally test independence from 
depressive symptom change, and extend follow-up to assess durability 
and relapse (Lucido and Dunlop, 2025).

4.2. Opioid-system modulation and transition risk

Opioid-system modulation has drawn interest partly because affec
tive distress and mental pain may act as proximal drivers of SI in some 
individuals (Rajkumar 2022). The most direct efficacy evidence comes 
from a multisite double-blind placebo-controlled RCT in which 
ultra-low-dose buprenorphine (initial 0.1 mg once or twice daily; mean 
final dose 0.44 mg/day) was associated with greater reductions in SI 
than placebo over 2 and 4 weeks in severely suicidal adults without OUD 
(Yovell et al., 2016). This is compatible with a suicide-relevant mecha
nism not fully explained by conventional antidepressant pathways.

Clinical translation, however, requires careful attention to safety and 
to treatment transitions. Even at low doses, buprenorphine carries risks 
related to misuse liability, physiological dependence, and discontinua
tion. Observational evidence consistently shows that suicide and self- 
harm rates peak in the weeks following opioid agonist treatment 
discontinuation, identifying cessation as a high-risk period rather than a 
neutral endpoint (Padmanathan et al., 2022). These findings have direct 
implications for trial design: tapering procedures, structured follow-up 
during discontinuation, and predefined safeguards during treatment 
changes should be considered core protocol elements. Evidence on 
µ-opioid receptor modulation suggests potential anti-suicidal effects, but 
indicates that any efficacy signals must be carefully weighed against 
safety considerations (Rajkumar 2022).

4.3. Adjunctive psychotropics and hypothesis-generating signals

Evidence on several adjunctive psychotropics remains limited and 
often derives from post hoc analyses or observational designs. For 
pimavanserin, available signals arise primarily from subgroup analyses 
reporting reductions in suicidality-related ratings over weeks (Shelton 
et al., 2020), warranting prospective confirmation in trials powered 
for suicide-related outcomes and designed to test independence from 
depressive symptom change. For vortioxetine, pooled safety analyses 
indicate no increased risk of SI or SA relative to placebo 
(Mahableshwarkar et al., 2020), supporting a neutral suicidality safety 
profile; direct evidence for a suicide-specific therapeutic effect remains 
sparse.

Large observational datasets also report associations between 
suicide-related outcomes and medications not conventionally framed as 
anti-suicidal treatments. Prescription folic acid was associated with 
lower rates of SAs or intentional self-harm in an electronic health record 
(EHR)–based cohort (Gibbons et al., 2022), consistent with biological 
links between one-carbon metabolism, folate pathways, and 
depression-related phenotypes (Liwinski and Lang, 2023; Susam et al., 
2024). Long-term benztropine exposure has also been associated with 
fewer suicidal events (Gibbons et al., 2023), although these findings 
remain hypothesis-generating given plausible confounding and the 
known cognitive and medical risks of anticholinergic exposure 
(Vanegas-Arroyave et al., 2024). Additional randomised and 
quasi-experimental evidence suggests that timely testosterone initiation 
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in transgender adults is associated with reductions in SI (Nolan et al., 
2023; Doyle et al., 2023), while target trial emulation analyses in 
atrial fibrillation report lower risk of suicide-related outcomes with 
NOACs compared with warfarin, without differences in completed sui
cide (Li et al., 2024a). These diverse signals highlight opportunities for 
mechanism-driven repurposing but do not substitute for 
suicidality-focused trials. By contrast, the cannabis literature remains 
cautionary, with consistent associations between non-medical use and 
higher suicidality, particularly in younger populations and individuals 
with mood disorders (Shamabadi et al., 2023).

4.4. Neuromodulation as intervention and mechanistic probe

Neuromodulation offers a particularly informative line of evidence 
because it directly perturbs neural circuitry implicated in cognitive 
control, affect regulation, and threat processing. Among non-invasive 
approaches, rTMS shows the most consistent association with re
ductions in SI. Meta-analyses report significant effects in MDD, with 
smaller and more variable effects in treatment-resistant populations (Cui 
et al., 2022; Chen et al., 2022). Several trials describe improvement 
within days and accelerated or theta-burst protocols further support a 
temporal dissociation between effects on SI and broader mood change.

Specificity is central. Studies that adjust for depressive symptom 

severity provide stronger support for suicide-specific effects, implicating 
modulation of prefrontal–limbic circuitry beyond global mood mecha
nisms (Weissman et al., 2018). Transcranial direct current stimulation 
has shown reductions in SI in small trials, sometimes without concurrent 
mood improvement, but heterogeneity in stimulation parameters and 
limited samples constrain inference. Also, some studies reported re
ductions in SI after sham stimulation (Desmyter et al., 2016; Wang et al., 
2024; Weissman et al., 2018), suggesting that treatment expectations, 
intensive clinical monitoring, and repeated therapeutic contact may 
contribute to improvement, particularly in accelerated protocols. 
Notably, placebo-related improvements were associated with measur
able changes in frontopolar activity (Baeken et al., 2019), raising the 
possibility that expectancy effects may modulate neural systems impli
cated in affect regulation and suicidality, rather than representing only 
psychological or methodological artefacts. This is consistent with mag
netoencephalographic models showing that affective processing de
pends on dynamic interactions across distributed cortico-limbic and 
large-scale brain networks (Scala et al., 2026), which may be sensitive 
not only to direct neuromodulatory interventions but also to contextual 
and expectancy-related influences. Future studies should improve con
trol of expectancy-related effects through more rigorous sham condi
tions, systematic assessment of blinding integrity and patient 
expectations, and designs specifically aimed at determining whether 

Table 2 
Relationship between suicidal ideation (SI) change and depressive or related clinical outcomes across included studies. The table distinguishes studies reporting 
parallel changes in SI and depressive or related symptoms, studies suggesting SI reduction without clear antidepressant effects, and studies in which this relationship 
was not formally assessed or not reported. ‘Not assessed/reported’ indicates that the study did not provide sufficient data to infer whether SI changes were independent 
of depressive symptom change.

Author, year Intervention Relationship between SI and other clinical outcomes

Nierenberg et al., 2023 NMDA 
modulation

NRX-101 Not assessed/reported
Chen et al., 2019 DCS ↓ SI without antidepressant effects
Dietrich et al., 2020 Amantadine ↓ SI accompanied by global HAMD improvement
Zeifman et al., 2021

Psychedelics
Ayahuasca Not assessed/reported

Zeifman et al., 2019 Ayahuasca Not assessed/reported
Jones and Nock, 2022 MDMA / psilocybin Not assessed/reported
Yang et al., 2022 MDMA/ LSD/ Salvia divinorum/ DMT/ 

AMT/Foxy
Not assessed/reported

Ahmadi et al., 2018 Opioid agonism Buprenorphine Not assessed/reported
Yovell et al., 2016 Buprenorphine Not assessed/reported
Padmanathan et al., 

2022
Buprenorphine/methadone 
discontinuation

Not assessed/reported

Shelton et al., 2020 Antipsychotics Pimavanserin ↓ SI and depressive symptoms
Francis et al., 2024 Brexpiprazole ↓ SI and emotional instability
Keilp et al., 2018

Antidepressants
Paroxetine/bupropion ↓ SI more strongly associated with subjective depressive symptoms than somatic 

symptoms
Gorlyn et al., 2015 Paroxetine/bupropion ↓ SI and depressive symptoms and ↑ verbal memory
Parris et al., 2018 Paroxetine/bupropion SI associated with anxiety severity
De Berardis et al., 2020 Vortioxetine ↓ SI and depressive symptoms
McCall et al., 2019 Hypnotics Zolpidem-CR ↓ SI and insomnia
Nolan et al., 2023 Hormones Testosterone Not assessed/reported
Gibbons et al., 2022 Vitamins Folic acid Not assessed/reported
Gibbons et al., 2023 Anticholinergics Benztropine Not assessed/reported
Li et al., 2024a Anticoagulants NOACs vs warfarin Not assessed/reported
Bahorik et al., 2018 Cannabis Marijuana SI and depressive symptoms showed less improvement compared to non-users
Zhao et al., 2024 Neuromodulation cTBS/iTBS SI, depression, and anxiety improved; a-cTBS superiority for SI was attenuated after 

controlling for anxiety
Desmyter et al., 2016 iTBS/sham stimulation Not assessed/reported
Baeken et al., 2019 Placebo aiTBS/neuroimaging Not assessed/reported
Pan et al., 2020 rTMS + escitalopram Not assessed/reported
Li et al., 2024b rTMS Not assessed/reported
Sun et al., 2016 MST Not assessed/reported
Sun et al., 2018 MST Not assessed/reported
Weissman et al., 2020 MST frequencies Not assessed/reported
Wang et al., 2024 tDCS + quetiapine ↓ SI; no changes in depressive symptoms
Aaronson et al., 2017 VNS Not assessed/reported
Abdelnaim et al., 2020 Naturalistic rTMS Not assessed/reported
Weissman et al., 2018 Bilateral rTMS Not assessed/reported

Abbreviations: aiTBS = Accelerated Intermittent Theta-Burst Stimulation; DCS = D-cycloserine; CR = Controlled Release; cTBS = Continuous Theta-Burst Stimu
lation; iTBS = Intermittent Theta-Burst Stimulation; MDMA = 3,4-methylenedioxymethamphetamine; MST = Magnetic Seizure Therapy; NOACs = Non-Vitamin K 
Oral Anticoagulants; rTMS = Repetitive Transcranial Magnetic Stimulation; SI = Suicidal Ideation; tDCS = Transcranial Direct Current Stimulation; VNS = Vagus 
Nerve Stimulation.
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reductions in SI remain dissociable from broader antidepressant 
responses.

Seizure-based neuromodulation offers complementary evidence. 
MST has demonstrated reproducible reductions in SI in TRD, with 
protocol-dependent effects. ECT remains the reference standard; recent 
large-scale evidence reports robust reductions in suicidality and all- 
cause mortality in refractory populations (Odermatt et al., 2025). VNS 
occupies a distinct niche: randomised evidence specific to suicidality is 
limited, but long-term observational cohorts report durable reductions 
in SI and lower suicide mortality over years, distinguishing VNS from 
other strategies with shorter-term evidence (Camacho-Conde et al., 
2023).

4.5. Psychedelic-based interventions

Evidence for psychedelic-based interventions remains preliminary. 
Small clinical studies suggest that psilocybin, MDMA-assisted therapy, 
and ayahuasca may reduce SI in selected populations, but trials are 
scarce, performed in small samples, and suicidality is rarely prespecified 
as a primary endpoint. Systematic reviews report moderate effect sizes 
in controlled therapeutic settings, whereas observational 
studies—particularly those focused on recreational or lifetime 
use—yield heterogeneous and sometimes conflicting associations with 
suicidality (Meshkat et al., 2025). A central limitation is the difficulty of 
separating pharmacological effects from contextual influences. Out
comes appear closely linked to patient selection, preparation, thera
peutic support, and environmental conditions, which are inconsistently 
reported and limit reproducibility (Estric et al., 2025). High-risk in
dividuals are frequently excluded, limiting generalisability. Current 
consensus emphasises that any clinical integration requires clearer 
safety, ethical, and training standards before wider implementation 
(Herwig et al., 2025). At present, evidence on psychedelic interventions 
should be regarded as early and methodologically heterogeneous, rather 
than support their use as near-term suicide prevention strategies.

4.6. Cross-cutting synthesis

Across intervention classes, three observations have direct implica
tions for trial design and clinical translation. First, SI can change rapidly, 
often within days, and in some studies without parallel improvement in 
depressive symptoms. This temporal profile has been reported for 
NMDA-related pharmacological strategies and for neuromodulation 
approaches, including accelerated rTMS and accelerated theta-burst 
protocols (Li et al., 2024b; Desmyter et al., 2016; Chen et al., 2019; 
Nierenberg et al., 2023). Second, early response is often not durable. 
Follow-up trajectories are heterogeneous, with attenuation or relapse 
after the acute phase in a subset of participants (Kucuker et al., 2021). 
Together, these features support a two-phase model, an acute phase 
targeting near-term reduction in SI and a continuation phase targeting 
persistence, relapse, and transition risks. Third, treatment transitions 
represent a clinically important risk window. In OUD cohorts, suicide 
and self-harm rates peak during the first month after cessation of opioid 
agonist treatment, supporting active monitoring and support during 
tapering, discontinuation, and post-discontinuation follow-up 
(Padmanathan et al., 2022; Colledge-Frisby et al., 2023). Contemporary 
models conceptualize suicidality as a dynamic process defined by rapid 
fluctuations in risk states rather than a static clinical condition (Barredo 
et al., 2021). Accordingly, treatment initiation, dose escalation, 
tapering, discontinuation, and post-intervention phases may be associ
ated with transient increases in vulnerability due to withdrawal phe
nomena, rebound affective distress, reduced therapeutic benefit, or 
impaired emotional regulation. Observational evidence further supports 
the clinical relevance of these transition phases, with the highest risk of 
suicide attempt observed during treatment initiation (Valuck et al., 
2009). These findings may be especially relevant for rapidly acting in
terventions targeting SI, where short-term symptomatic improvement 

may not translate into sustained protection against suicidal behaviour. 
Similar concerns emerge in the neuromodulation literature. In
terventions such as rTMS, tDCS, and ECT often show promising 
short-term reductions in SI, although follow-up duration, durability of 
effects, and transition-phase monitoring remain heterogeneous across 
studies (Kucuker et al., 2021). Importantly, methodological reviews 
note that clinical trials fail to capture temporal fluctuations in suicidality 
during high-risk periods, limiting interpretation of treatment effects on 
suicidal behaviour (Barredo et al., 2021; Yao and McCall, 2023). Future 
studies should incorporate structured transition-sensitive monitoring 
strategies, including repeated suicide-risk assessments during treatment 
changes, predefined tapering protocols, scheduled follow-up after 
discontinuation, safety-planning procedures, and rapid access to crisis 
intervention when symptom worsening emerges.

Comparative interpretation across modalities should also account for 
differences in evidence strength and implementation requirements. 
Among pharmacological strategies, NMDA-related agents and opioid- 
system modulation have the most direct short-term efficacy evidence 
for SI outcomes, whereas folic acid, benztropine, NOACs, and cannabis- 
related findings derive largely from observational or survey-based data 
and should be considered hypothesis-generating; testosterone initiation 
is supported by limited open-label trial evidence. Among neuro
modulatory interventions, accelerated rTMS and theta-burst protocols 
provide controlled evidence for short-term SI reduction, whereas VNS 
has mainly longer-term naturalistic support.

Safety and implementation constraints differ across intervention 
classes and should be considered when evaluating clinical translation. 
For non-invasive neuromodulation, rTMS and theta-burst protocols have 
an established safety framework, but accelerated schedules increase 
treatment intensity and service demands, and seizure risk and contra
indications remain relevant in routine care (Rossi et al., 2021). 
Seizure-based procedures (MST and ECT) require anaesthesia-level 
infrastructure and systematic monitoring, and VNS adds surgical con
siderations and long-term device management. For opioid-system 
modulation, any efficacy signal must be weighed against misuse liabil
ity, physiological dependence, and elevated risk around discontinua
tion, which is consistently identified as a high-risk period in 
observational datasets (Padmanathan et al., 2022; Vakkalanka et al., 
2021). For psychedelic-assisted interventions, acute physiological risk 
is generally manageable in controlled settings, but psychological risk 
management, participant selection, therapist training, and governance 
standards are central to safety and scalability (McGuire et al., 2024; 
Scala et al., 2024). Finally, findings arise from medications with clini
cally relevant adverse-effect profiles in real-world populations, 
including cognitive and medical harms associated with cumulative 
anticholinergic exposure and safety concerns around hypnotics in older 
or medically frail individuals (Coupland et al., 2019; Pieper et al., 2020; 
Cho et al., 2020; American Geriatrics Society, 2023).

4.7. Limitations and priorities for the next generation of trials

The available evidence should be interpreted considering several 
limitations, including small sample sizes and substantial heterogeneity 
across multiple domains. First, study designs comprised RCT (efficacy) 
and observational or naturalistic studies (effectiveness), as well as post 
hoc versus primary analyses. Second, patient samples were highly het
erogeneous, including different diagnostic groups (e.g., MDD, BD, BPD, 
SUD, schizophrenia, and gender dysphoria), variability in treatment 
resistance, and inclusion of individuals with primary SI without a formal 
psychiatric diagnosis. Third, interventions varied widely, including 
pharmacological and neuromodulation approaches, with heterogeneous 
mechanisms of action (i.e., NMDA modulation, opioid system modula
tion, psychedelics, monoaminergic agents), as well as variability in 
treatment modality (monotherapy vs adjunctive), dosing, and adminis
tration. Fourth, follow-up duration and temporal outcome assessment 
also varied, with inconsistent reporting of onset and durability. Hence, 
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the persistence of effects cannot be directly inferred, given the absence 
of repeated measures of SI, limited reporting of effect sizes across mul
tiple timepoints, and the lack of explicit analyses of maintenance versus 
relapse. This is particularly evident in observational studies, typically 
population- or survey-based, which lack within-individual longitudinal 
assessment. Finally, outcome measurement heterogeneity limits cross- 
study comparability. Many studies relied on single items embedded 
within depression scales (e.g., HAMD item 3; MADRS suicidality item), 
whereas others used dedicated instruments such as the C-SSRS or SSI/ 
BSSI, which differ in anchors, time windows, and thresholds for clini
cally meaningful change (Posner et al., 2011; FDA, 2012). Findings 
based on single-item approaches may be pragmatic but should be 
interpreted with greater caution than those derived from validated, 
dedicated suicidality instruments. Single-item measures may increase 
misclassification, reduce statistical power, particularly for SA endpoints, 
and inadequately distinguish passive death wishes from active ideation, 
preparatory acts, and SAs (Millner et al., 2015). At the same time, 
rapid-acting intervention trials require SI instruments that are sensitive 
to short-term change, because different single-item and multi-item 
measures may vary in their ability to detect rapid reductions in sui
cidal thoughts (Ballard et al., 2015). Because these methodological 
differences precluded quantitative synthesis, findings were presented 
descriptively and interpreted according to study design and measure
ment robustness.

Consistent with regulatory guidance, future trials should prespecify a 
suicidality endpoint hierarchy, include both SI and SA ascertainment 
with standardised definitions, and report rater training and adjudication 
procedures when behavioural events are outcomes (Posner et al., 2011; 
FDA, 2012).

Observational studies provided useful results but remain exposed to 
confounding and reverse causality, particularly in clinical populations 
where baseline risk and treatment allocation are closely linked. Across 
interventions, evidence on moderators of response remains sparse, but 
available signals suggest that baseline anxiety, insomnia severity, and 
clinical context may shape SI trajectories and should be prespecified as 
effect modifiers. Placebo and contextual effects are also relevant. In 
neuromodulation, sham-associated improvements in suicide risk and SI 
have been reported, with neuroimaging evidence consistent with 
expectancy-related change (Desmyter et al., 2016; Baeken et al., 2019). 
Only a minority of studies formally test whether anti-suicidal effects 
persist after accounting for concurrent changes in depressive symptoms 
or correlated domains such as anxiety, insomnia, or affective distress.

Individuals at highest imminent risk are often excluded, limiting 
generalisability to settings where suicide prevention is most urgent 
(Lawrence et al., 2025; Ballard et al., 2017). Accordingly, future in
vestigations should implement ethically responsible inclusion strategies, 
including intensive safety monitoring, rapid clinical response protocols, 
frequent suicidality assessments, predefined rescue interventions, and 
shorter placebo exposure when feasible. Adaptive and pragmatic trial 
designs conducted in highly supervised clinical settings may also 
improve the balance between participant safety and external validity, 
improving real-world clinical applicability. Across included studies, 
suicide-related endpoints were predominantly ideation-based, whereas 
SA outcomes were infrequently captured and typically underpowered. 
Therefore, observed changes in SI should not be interpreted as evidence 
of reduced SA without dedicated behavioural endpoints and follow-up 
that spans high-risk periods. Of note, the reviewed studies did not 
assess differential effects on outward- versus self-directed aggression (e. 
g., hostility vs. SI/SA), limiting understanding of shared anti-aggressive 
mechanisms (Scala et al., 2025).

Finally, the literature on anti-suicidal interventions is limited to 
adult populations, with minimal representation of adolescents and 
elderly individuals. Therefore, age-related differences in neurobiology, 
clinical presentation, and treatment response may influence the efficacy 
and safety of these interventions (Casey et al., 2008), limiting their 
generalisability across age groups.

These limitations point to concrete next steps. Trials intended to 
inform suicide prevention should prespecify SI, SA, or mortality as pri
mary outcomes; apply analytic plans that test independence from mood 
change (including covariate-adjusted and mediation frameworks where 
appropriate); incorporate age-stratified study designs; and extend 
beyond acute response to explicitly evaluate continuation strategies 
(repeated dosing, maintenance neuromodulation, or structured inte
gration with psychotherapy). Treatment transitions should be treated as 
protocol-defined high-risk phases with predefined monitoring and 
mitigation, rather than as administrative endpoints.

5. Conclusions

The evidence reviewed here supports a reappraisal of suicide-related 
outcomes as a treatment target in its own right. Across pharmacological 
and neuromodulatory interventions, the most consistent finding is that 
SI can change rapidly—often within days—and, in several studies, 
without parallel improvement in depressive symptoms. This temporal 
dissociation is observed most reliably for glutamatergic strategies and 
for neuromodulation approaches such as accelerated rTMS, theta-burst 
stimulation, and seizure-based interventions (Li et al., 2024b; Kucuker 
et al., 2021; Cui et al., 2022; Chen et al., 2022; Camacho-Conde et al., 
2023; Odermatt et al., 2025). By contrast, the duration of early effects 
has been scarcely investigated, and relapse after acute phases is com
mon. Transition periods, particularly discontinuation phases, carry 
heightened risk and remain insufficiently addressed in many trial de
signs. Progress in suicide prevention will require moving beyond 
depression-centred endpoints. Trials should prespecify suicide-related 
outcomes, test independence from mood change, and incorporate de
signs that address onset, maintenance, and transitions. Clinically, early 
reductions in SI should not be equated with sustained risk mitigation. 
The current evidence suggests that SI may follow partially distinct tra
jectories, respond on a different timescale than depressive symptoms, 
and warrant direct evaluation as a treatment target in pharmacological 
and neuromodulatory trials.

Funding

Anjali Sankar was supported by the American Foundation for Suicide 
Prevention (ECR-0-137-23).

Statement of ethics

This review used published data only; ethics approval was not 
required.

Data statement

All data reported in this review were extracted from publicly avail
able publications. The extracted datasets and all related materials are 
included in the manuscript and its supplementary files. No new raw data 
were generated.

Contributors

Mauro Scala: Conceptualization, Methodology, Investigation, Data 
curation, Writing – original draft; Enrico Magrini: Conceptualization, 
Methodology, Investigation, Data curation, Writing – original draft; 
Giuseppe Fanelli: Conceptualization, Methodology, Formal analysis, 
Supervision, Project administration, Writing – original draft, Writing – 
review & editing; Ivana Leccisotti: Writing – original draft; Mario 
Altamura: Writing – review & editing; Alessandro Serretti: Writing – 
review & editing; Xenia Gonda: Writing – review & editing; Anjali 
Sankar: Writing – review & editing; Raffaella Calati: Writing – review 
& editing; Siegfried Kasper: Writing – review & editing; Marco Colizzi: 
Writing – review & editing; Chiara Fabbri: Writing – review & editing; 

M. Scala et al.                                                                                                                                                                                                                                   European Neuropsychopharmacology 112 (2026) 112888 

18 



ECNP Network on Suicide Research and Prevention: Writing – re
view & editing.

Declaration of generative AI and AI-assisted technologies in the 
writing process

The authors used OpenAI’s GPT 5.5 for language editing and 
improvement of sentence formulation. No scientific content, interpre
tation, literature selection, or conclusions were generated by the tool. 
The authors critically reviewed and revised all AI-assisted text and take 
full responsibility for the accuracy, interpretation, and final wording of 
the manuscript.

Declaration of competing interest

Alessandro Serretti is or has been a consultant to or has received 
honoraria or grants unrelated to the present work from: Abbott, Abbvie, 
Angelini, Astra Zeneca, Clinical Data, Boehringer Ingelheim, Bristol 
Myers Squibb, Eli Lilly, GlaxoSmithKline, Innovapharma, Italfarmaco, 
Janssen, Lundbeck, Naurex, Pfizer, Polifarma, Sanofi, Servier, Taliaz. 
Giuseppe Fanelli reports institutional travel support from industry- 
funded research activities with Epitech and participation in a clinical 
trial sponsored by Janssen-Cilag. Marco Colizzi has been a consultant/ 
advisor to GW Pharma Limited, GW Pharma Italy SRL, F. Hoffmann-La 
Roche Limited, Idorsia Pharmaceuticals Italy SRL, and Insights-Driven 
Research (IDR), outside of this work. The other authors declare that 
they have no known competing financial interests or personal re
lationships that could have appeared to influence the work reported in 
this paper.

Acknowledgment

The authors gratefully acknowledge the philanthropic support pro
vided to the University of Udine by the family and friends of Samuel 
Liani in his memory, supporting research activities on depression and 
suicide prevention. The donors had no role in the conception, conduct, 
interpretation, or publication of this work.

Supplementary materials

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.euroneuro.2026.112888.

References

Aaronson, S.T., Sears, P., Ruvuna, F., Bunker, M., Conway, C.R., Dougherty, D.D., 
Reimherr, F.W., Schwartz, T.L., Zajecka, J.M., 2017. A 5-year observational study of 
patients with treatment-resistant depression treated with vagus nerve stimulation or 
treatment as usual: comparison of response, remission, and suicidality. Am. J. 
Psychiatry 174 (7), 640–648. https://doi.org/10.1176/appi.ajp.2017.16010034.

Abdelnaim, M.A., Langguth, B., Deppe, M., Mohonko, A., Kreuzer, P.M., Poeppl, T.B., 
Hebel, T., Schecklmann, M., 2020. Anti-suicidal efficacy of repetitive transcranial 
magnetic stimulation in depressive patients: a retrospective analysis of a large 
sample. Front. Psychiatry 10, 929. https://doi.org/10.3389/fpsyt.2019.00929.

Ahmadi, J., Jahromi, M.S., Ehsaei, Z., 2018. The effectiveness of different singly 
administered high doses of buprenorphine in reducing suicidal ideation in acutely 
depressed people with co-morbid opiate dependence: a randomized, double-blind, 
clinical trial. Trials 19 (1), 462. https://doi.org/10.1186/s13063-018-2843-9.

American Geriatrics Society, 2023. updated AGS Beers Criteria® for potentially 
inappropriate medication use in older adults. J. Am. Geriatr. Soc. 71 (7), 2052–2081. 
https://doi.org/10.1111/jgs.18372.

Baeken, C., Wu, G.-R., Van Heeringen, K., 2019. Placebo aiTBS attenuates suicidal 
ideation and frontopolar cortical perfusion in major depression. Transl. Psychiatry 9 
(1), 38. https://doi.org/10.1038/s41398-019-0377-x.

Bahorik, A.L., Sterling, S.A., Campbell, C.I., Weisner, C., Ramo, D., Satre, D.D., 2018. 
Medical and non-medical marijuana use in depression: longitudinal associations 
with suicidal ideation, everyday functioning, and psychiatry service utilization. 
J. Affect. Disord. 241, 8–14. https://doi.org/10.1016/j.jad.2018.05.065.

Ballard, E.D., Luckenbaugh, D.A., Richards, E.M., Walls, T.L., Brutsché, N.E., Ameli, R., 
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