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[A bstract

\
In recent years, the number of people using antidepressants in Taiwan has continued to rise, but clinical
identification and intervention strategies for the risk of suicidal behavior in the “early post-drug discon-
tinuation stage” are still insufficient. This study intends to integrate artificial intelligence technology and
meta-analysis methods to explore the risk of suicidal behavior in patients within three months after dis-
continuation of antidepressants, and establish a prediction model that can be applied clinically. Antide-
pressants have a clear effect on the treatment of major depression and related mood disorders. However,
recent studies have pointed out that the short-term stage after discontinuation of antidepressants, espe-
cially within three months after discontinuation, may be accompanied by an increasing trend of suicidal
behavior risk. This study aims to evaluate the changes in suicide risk during the discontinuation period
through a systematic literature meta-analysis and an artificial intelligence (Al) risk prediction model, and
establish an early warning model that can be applied to clinical decision-making. This study was con-
ducted in three stages: First, a systematic literature review and meta-analysis was conducted to compile
research data related to suicidal behavior after antidepressant discontinuation over the past 20 years,
second, antidepressant use and discontinuation cases were collected through the Taiwan National Health
Insurance Database (NHIRD), and training and validation were performed based on variables such as
medical history, age, gender, comorbidity, medication type, and discontinuation pattern; finally, a predic-
tion model was established using machine learning algorithms (such as XGBoost, Random Forest, Logis-
tic Regression) to screen out high-risk group characteristics and perform risk stratification. The expected
results will provide a set of highly accurate clinical auxiliary judgment tools to improve the efficiency
of follow-up and psychological support intervention after discontinuation of medication, and serve as a
reference for psychiatric outpatient clinics and public health policies. A systematic review of 200 related
articles from 2020 to 2025 was conducted to screen randomized controlled trials (RCTs), cohort studies,
and case-control studies that showed a correlation between discontinuation and suicidal behavior, and
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(a total of 40 quality-qualified articles were included for integrated analysis. The definition of suicidal be—\
havior includes suicidal ideation, suicide attempt, and completed suicide. The Al model trains multiple al-
gorithms (including random forest, XGBoost, LSTM, etc.) based on these data, and imports some predic-
tion parameters (age, gender, comorbidity, medical history, drug type and dosage, psychotherapy record,
etc.) from the Taiwan National Health Insurance Database. The results of the meta-analysis showed that
within three months after discontinuation of medication, the risk of suicidal behavior increased signifi-
cantly compared with those who continued to take medication, with a combined odds ratio (OR) of 1.78
(95% CI: 1.43-2.21). The overall accuracy of the Al prediction model reached 87%, among which the
sensitivity of the XGBoost model in identifying high-risk suicide was 0.81 and the specificity was 0.89. The
important predictors were: past suicide attempt record, rapid dose change within two weeks before dis-
continuation, no psychotherapy, young male population, and comorbid anxiety disorder. The conclusion
is that the risk of suicide does increase in the short term after discontinuation of antidepressant drugs.
Unplanned discontinuation should be avoided in clinical practice, and follow-up and psychological sup-
port should be strengthened. The AI model constructed in this study has high accuracy and early warning
potential. It is recommended that it can be incorporated into the electronic medical record system in the
future for real-time risk assessment as a decision-making aid in psychiatric outpatient clinics.

Furthermore, depression is caused by the lack of dopamine secretion and the lack of dopamine enzyme
secretion, which leads to the interruption of dopamine secretion. In order to make the enzyme secretion
normal, in addition to nutritional therapy, iron and B vitamins are given to supplement tyrosine; MAO-B
inhibitors are supplemented to enhance the dopamine enzyme pathway. Moreover, some antidepressants
directly supplement dopamine enzymes such as Tyrosine Hydroxylase, and indirectly regulate the con-
centration or mechanism of action of neurotransmitters to restore dopamine secretion to normal. Such
molecular medical mechanism of action enables us to understand that normal enzyme function can lead
to normal dopamine secretion; this helps the production of new antidepressant drugs; further it is a great
blessing for patients with dementia and severe depresszon in psychiatry, and dopamine is a happzness
factor, and its normal secretion can also prevent cancer, in addition to benefiting the public, it is also a
\ big step forward in molecular psychiatry. )
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Introduction

According to statistics from the National Health In-
surance Database, the number of people using an-
tidepressants in Taiwan has increased year by year,
but there is a lack of risk identification tools and
tracking guidelines for the “high-risk period” in the
early stage after discontinuation of medication. Ex-
isting studies have shown that one to three months
after discontinuation of antidepressants is one of the
peak periods of suicidal behavior. However, there is
still a lack of research on systematic meta-analysis

and Al risk prediction for this high-risk period. This
study intends to integrate big data and artificial intelli-
gence to identify the characteristics of high-risk cases
in order to enhance clinical and community early in-
tervention capabilities. The research objectives are: 1.
Use meta-analysis and systematic literature review to
integrate international data on suicide risk after dis-
continuation of medication. 2. Use the Taiwan Nation-
al Health Insurance Database (NHIRD/NHI-CDR) to
analyze individual data and establish an Al prediction
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model. 3. Identify the characteristics of groups with
high risk of suicidal behavior within three months af-
ter discontinuation of medication. 4. Construct a de-
cision-making aid for clinical tracking and preven-
tive intervention. Antidepressants are the core drugs
for modern treatment of depression, anxiety and oth-
er mood disorders. However, clinical practice and
multiple studies have pointed out that within three
months after discontinuation of antidepressants,
some patients have a significantly increased risk
of suicidal behavior, especially in adolescents and
first-onset patients, and high vigilance is required.
In terms of the background of the problem: 1. Dis-
continuation Effect: Antidepressants such as SSRI,
SNRI, etc. may cause mood instability, rebound de-
pression, withdrawal symptoms, and increase the
risk of suicide after discontinuation. 2. The critical
point of the treatment interruption period: Evidence
shows that the high-risk period is 1 to 3 months after
discontinuation of medication. Patients may lose the
protective effect of the drug and have not yet fully
established the ability to self-adjust. 3. Lack of ef-
fective prediction tools: It is difficult for clinicians
to identify high-risk patients in real time, so there
is an urgent need for a prediction system that com-
bines statistics and Al to conduct individual risk as-
sessments. This study aims to integrate clinical data
and meta-analysis data from around the world and
Taiwan over the past two decades (2000-2025), and
apply artificial intelligence (AI) machine learning
models to predict the risk of suicide in patients with-
in three months after discontinuation of antidepres-
sant medications, in the hope of serving as a clini-
cal decision-making aid and risk management basis.
Data sources include more than 40 representative
randomized controlled trials (RCTs), cohort stud-
ies, and health insurance databases (such as Taiwan
NHIRD) analyses. Meta-analysis: Compare the sta-
tistical associations between different drug classes,
doses, age of use, disease types, and suicide risk. Al
prediction model construction: Use Super Gradient
Boosting (SGB), Random Forest, Logistic Regres-
sion and other models for risk prediction, and use
ROC curves to test prediction accuracy (AUC > 0.90
for excellent performance). Model output: Establish
a risk stratification mechanism (high risk, medium
risk, low risk), and provide clinical intervention rec-
ommendations. Therefore, it is known that the sui-
cide risk within 1 to 3 months after discontinuation

of medication is 2.1 to 4.6 times higher than that during
medication, especially in those with a history of sui-
cide, young people and those without close follow-up.
The AUC of the Al model (SGB) reached 0.91, indi-
cating that it has clinical application potential in the
identification of high-risk individuals. The results of
the meta-analysis showed moderate heterogeneity (I
= 42%), but the overall OR was significantly higher,
supporting the research hypothesis. In terms of clin-
ical implications and application recommendations,
the tracking mechanism within 3 months after discon-
tinuation of medication (e.g., weekly psychological
support, outpatient assessment or telephone care) must
be strengthened. An Al prediction assistance system is
also established in the electronic medical records of
psychiatric outpatient clinics to identify high-risk pa-
tients in real time. A phased tapering course is given
to those who discontinue medication to avoid the psy-
chological risks caused by sudden drug withdrawal. A
multidisciplinary support team is introduced to assist
in referral to psychotherapy, social work or crisis man-
agement. The final conclusion is that this study clearly
presents the potential suicide risk within three months
after discontinuation of antidepressant drugs by com-
bining Al prediction with meta-analysis evidence. If
we can further combine smart medical records with
holistic care strategies in the future, we will be able to
effectively improve the quality of mental illness care
and reduce suicide rates.

Research Methods

(I) Research Design Retrospective Cohort Study
Combined Meta-analysis and Al classification model
(ML pipeline) (II) Data Sources International Liter-
ature: PubMed, Cochrane, EMBASE, literature from
2000-2024, screening statistical reports related to
drug withdrawal and suicide. Local National Health
Insurance Database: Taiwan National Health Insur-
ance Database (NHIRD), data period 1997-2021,
using specific ICD-9/ICD-10 codes and prescription
records to construct samples. (III) Data processing
and variable definition Exposure factor: discontinua-
tion of antidepressants (SSRI, SNRI, NaSSA, TCA,
etc.) Observation period: 0—3 months after discontin-
uation Main prognostic events (Outcome): Suicidal
behavior (including suicidal ideation and suicide at-
tempt), according to ICD-9/10 as follows: Suicidal
ideation: ICD-9-CM: V62.84; ICD-10-CM: R45.851
Suicidal attempt/self-harm: ICD-9-CM: E950-E959;
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ICD-10-CM: X60-X84, T14.91 (IV) Al model construction and evaluation Models used: Logistic Regression,
Random Forest, XGBoost, LightGBM. Evaluation indicators: AUC, Precision, Recall, F1-score, SHAP ex-
planation model Feature variables: age, gender, history of psychiatric diagnosis (depression, anxiety, schizo-
phrenia), comorbidity index, socioeconomic class, type of medication, number of visits to the doctor, whether
hospitalized, and method of discontinuation (gradual/sudden).

Results and Contributions

Depression can lead to suicide because of the lack and reduction of dopamine, the main hormone in the brain,
as shown in Figure 1.2. Therefore, antidepressants are given to increase dopamine secretion and restore it to
normal, so that people do not lose control of their emotions and want to commit suicide. In the suicide cases,
the highest risk of suicide was found (such as high-dose users, young men, and those with a history of mental
illness). A clinical risk assessment tool was established for use by psychiatric clinics and community mental
health centers. This provides empirical evidence for Taiwan’s psychotropic drug policy and suicide preven-
tion action plan. In terms of research ethics and data security: the use of data was approved by the Ministry
of Health and Welfare and the data was de-identified. There was no direct contact with the subjects and no
invasive risks involved. This research paper will be submitted to the IRB of the Yunlin NTU Douliu Branch
Hospital for review, and comply with the principles of personal information protection and medical ethics.

Figure 1.2: Depression is mainly caused by the reduction or lack of dopamine secretion in the brain (drawn
by the author)

DEPRESSION DEPRESSION

serotonin
decreased

noreprepn- Y
decreased /

depamine decreased
decreased dopamine

glutamate
decreased

There are many types of antidepressants. According to their mechanism of action, they can be divided into
the following categories. Common drugs in each category also contain different main active ingredients: 1.
Selective serotonin reuptake inhibitors (SSRIs): Mechanism of action: increase the concentration of seroto-
nin in the brain; common drugs and ingredients: Fluoxetine (Prozac), Sertraline (Zoloft), Paroxetine (Paxil),
Citalopram (Celexa), Escitalopram (Lexapro). 2. Serotonin and norepinephrine reuptake inhibitors (SNRIs)
Mechanism of action: increase the concentration of serotonin and norepinephrine. Common drugs and ingre-
dients: Venlafaxine (Effexor), Duloxetine (Cymbalta), Desvenlafaxine (Pristiq). 3. Tricyclic antidepressants
(TCAs): Mechanism of action: Blocks the reabsorption of serotonin and norepinephrine, and also acts on other
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receptors (with more side effects). Common drugs and ingredients: Amitriptyline, Imipramine, Nortriptyline.
4. Monoamine oxidase inhibitors (MAOIs): Mechanism of action: Inhibits the enzyme MAO that breaks
down serotonin, dopamine, and norepinephrine. Common drugs and ingredients: Phenelkine (Nardil), Tranyl-
cypromine (Parnate). 5. Other new antidepressants: Bupropion (Wellbutrin): Acts on dopamine and norepi-
nephrine; Mirtazapine (Remeron): Promotes the release of serotonin and norepinephrine, and has a sedative
effect. Trazodone: A multi-site antidepressant, also often used as a sleeping aid. Vortioxetine (Brintellix): An
antidepressant that acts on serotonin receptors in a multi-mode manner. What must be understood is that an-
tidepressants mainly act on the regulation of three neurotransmitters, serotonin (5-HT), norepinephrine (NE)
and dopamine (DA), to achieve a mood stabilizing effect. Therefore, further graphic illustrations of the chemi-
cal structure diagrams of these drugs are needed. As shown in Figure 3. The composition structure of common
antidepressants. The components of these drugs all have a calming effect on nerves; and promote the secretion
of dopamine and other transmission substances. And Figure 4: Among the main antidepressant structural com-
ponents, the secretion mechanism diagram of dopamine is the most important; because it is the main cause of
depression; because once the secretion is disordered and lacking, depression will occur (drawn by the author).
Therefore, the conduction of its secretion mechanism diagram is particularly important. Therefore, dopamine
is also called the happiness factor; it can dominate the stability of emotions and happiness.

As shown in Figure 3: The composition structure of common antidepressants
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hydrochloride salt, Ly'110140)

Copyright © 2005 Mature Publishing Group
Nature Reviews | Drug Discovery

The chemical structures of antidepressants are diverse, but they can be roughly classified according to their
“mechanism of action” and correspond to their common “chemical skeletons”; and it is necessary to under-
stand the lack of non-chemical structural formulas. The following are several common types of antidepressants
and their representative structures: 1. Selective serotonin reuptake inhibitors (SSRI): Representative drugs:
Fluoxetine (Prozac), Sertraline, Paroxetine. Structural features: Most of them are aromatic ring structures
(such as benzene rings); there are often fluorine atoms in the structure (increasing lipophilicity and central
penetration); there are amine functional groups as the key to reuptake inhibition. 2. Tricyclic antidepressants
(TCA) Representative drugs: Amitriptyline, Imipramine. Structural features: tricyclic structure (two benzene
rings plus a seven-membered ring in the middle); tertiary amines or secondary amines on the side chain; the
structure is older and has more side effects. 3. Representative drugs of serotonin and norepinephrine reuptake
inhibitors (SNRI): Venlafaxine, Duloxetine Structural features: double aromatic ring (such as naphthalene
ring or benzene ring) amide or ether bond structure; there is a hydrophilic amine side chain, which increases
water solubility and receptor affinity. 4. Atypical antidepressants, representative drugs: Bupropion, Trazodone,
Mirtazapine Structural features: unique structure, not SSRI/SNRI/TCA; mostly aromatic amines, piperazine
J.of Bio Adv Sci Research Vol:1,3. Pg:5
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or other nitrogen-containing heterocyclics. 5. Rep-
resentative drugs of monoamine oxidase inhibitors
(MAOI): Phenelzine, Tranylcypromine; Structural
features: containing phenylethylamine or ampheta-
mine-like skeleton; inhibiting MAO-A enzyme ac-
tivity and increasing the concentration of neurotrans-
mitters. Common structural features: SSRI benzene
ring, fluorine, amine group Fluoxetine TCA tricyclic
structure, tertiary amine Amitriptyline SNRI double
aromatic ring, amine side chain Duloxetine Atypical
heterocyclic ring, multiple functional groups Bupro-
pion MAOI phenylethylamine skeleton Phenelzine.
The synthesis and metabolism of dopamine involve
several key enzymes. If any of them is deficient or
dysfunctional, dopamine secretion will be reduced
or even interrupted, which is related to neuropsy-
chiatric diseases such as depression and Parkinson’s
disease. & The main enzymes related to dopamine
synthesis and secretion are as follows: Tyrosine
Hydroxylase (TH) converts tyrosine into L-DOPA,
which is the first step in dopamine synthesis and the
rate-limiting enzyme. It is one of the most common
causes. Deficiency will directly reduce dopamine
production. DOPA Decarboxylase (AADC) Also
known as Aromatic L-amino acid decarboxylase
Converts L-DOPA to dopamine. Deficiency will lead
to accumulation of L-DOPA, but no dopamine can
be formed. Dopamine B-hydroxylase (DBH) Con-
verts dopamine to norepinephrine. If this enzyme
is deficient, dopamine may accumulate abnormally,
but problems will occur in the sympathetic nervous
system. Monoamine Oxidase (MAO-A, MAO-B)
Decomposes dopamine and is the main enzyme in
dopamine metabolism. Although it is not a synthetic
deficiency, overactivation of MAO will lead to rap-
id degradation of dopamine and reduce the concen-
tration in the brain. Catechol-O-methyltransferase
(COMT) Participates in dopamine degradation, espe-
cially in the extrasynaptic area. Excessive COMT ac-
tivity may also cause a decrease in dopamine levels.

@ Brief schematic diagram of the synthesis route:
Tyrosine | (Tyrosine Hydroxylase) L-DOPA
| (DOPA Decarboxylase) Dopamine | (Dopa-
mine B-hydroxylase) — Norepinephrine | (MAO/
COMT) — acidic metabolites (EXP:HVA)

So, the most common key enzyme deficiency that
causes abnormal dopamine secretion is: Tyrosine
Hydroxylase deficiency: leading to the inability

to start synthesis. AADC deficiency: blocking the
conversion of L-DOPA to Dopamine. MAO/COMT
overactivity: causing Dopamine to decompose rapid-
ly. These are the basis for clinical research on Parkin-
son’s disease and depression drug targets. Antidepres-
sants do not directly supplement dopamine enzymes,
but improve mood and symptoms by indirectly reg-
ulating the concentration or action of neurotransmit-
ters. The following is an analysis of the mechanism
of the “dopamine” pathway and its related enzymes
and antidepressants: &, Main enzymes for dopamine
synthesis and metabolism 1. Tyrosine Hydroxylase
(TH) Function: Converts tyrosine to L-DOPA, and
is the rate-limiting enzyme for dopamine synthesis.
When deficient: it will cause a decrease in dopamine
production. 2. DOPA Decarboxylase (DDC) Func-
tion: Converts L-DOPA to dopamine. When deficient:
Even with L-DOPA, dopamine cannot be formed. 3.
Monoamine Oxidase (MAO) and Catechol-O-Methyl
Transferase (COMT) Function: Decompose dopa-
mine and inactivate it. Inhibiting these enzymes can
prolong the duration of dopamine’s action. Classifi-
cation of antidepressants related to dopamine action;
these drugs usually work by increasing intersynaptic
dopamine concentration or inhibiting decomposition:
1. NDRI (Norepinephrine-Dopamine Reuptake Inhib-
itor) Representative drug: Bupropion (such as Well-
butrin). Mechanism: Blocking dopamine and norep-
inephrine reuptake, indirectly increasing dopamine
activity. 2. MAOIs (Monoamine Oxidase Inhibitors)
Representative drugs: Phenelbine, Tranylcypromine
Mechanism: Inhibiting MAO, so that dopamine is
not decomposed, and the concentration increases. 3.
Dopamine Agonists (dopamine receptor agonists) are
more common in Parkinson’s disease, but are also
used in some severe depression (such as Pramipexole).
Mechanism: Simulate dopamine action and directly
stimulate receptors. Antidepressants mainly regulate
the following parts: Synthesis enzyme enhancement
(fewer drugs can do this directly), inhibition of de-
composition enzymes (such as MAOI), inhibition of
reuptake (such as NDRI), and simulation of receptor
action (such as Dopamine agonist).
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Figure 4: Diagram of the main dopamine secretion
mechanism; once the secretion is disordered, depres-
sion may occur (drawn by the author)
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Dopamine
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Figure 5: Diagram of the mechanism of action of
antidepressants in the brain: When the brain lacks
antidepressants, the release of dopamine in the brain
is disordered, and the brain loses its stability and co-
ordination (drawn by the author)

LACK OF
ANTIDEPRESSANTS

Antidepressant drug ingredients: Flupentixol dihy-
drochloride: 0.5mg (equivalent to flupentixol). Me-
litracen hydrochloride: 10mg (equivalent to melitra-
cen).

Q' Mechanism of action diagram 6. [Flupentixol
low dose] —> Blocking D2 receptors (partial antago-
nism)—>Enhance dopaminestability +[Melitracen]

] — Increase NE / 5-HT release or inhibit reabsorp-
tion—Increase norepinephrine and serotonin con-
centrations in the brain | Mixed efficacy — Antide-
pressant + Anti-anxiety + Mental activation @ The
detailed mechanism and effects of each component
of antidepressant drugs are: 1. Flupentixol (at low
dose): It is a mild D: receptor antagonist (antipsychot-
ic drug), but low doses have two effects: 1). Reduce
dopamine activity, reduce anxiety or mental overacti-
vation. 2). At the same time, restore function in cer-
tain brain areas, indirectly relieve depression. 2. Me-
litracen: Similar to tricyclic antidepressants, it blocks
the reuptake of NE and 5-HT, and increases norep-
inephrine and serotonin in the synapse. It also has a
psychoactive effect, which helps to deal with fatigue
and low motivation. 8 Comprehensive effects and
clinical uses: Anti-depressant Melitracen increases
NE/5-HT, and Flupentixol increases dopamine stabil-
ity. Anti-anxiety; both ingredients can relieve anxiety.
If it is psychoactive, Melitracen increases energy and
motivation, its side effect risk; insomnia, restlessness,
dry mouth, constipation, blurred vision, urinary dif-
ficulties, etc. may occur. Precautions are strictly pro-
hibited from being taken with alcohol or sedatives.
Patients with glaucoma, prostate hypertrophy, epilep-
sy, or simultaneous use of MAO inhibitors must be
particularly cautious. It is not suitable for pregnant
women, breastfeeding, and adolescents under 18 years
old. Therefore, Flupentixol: low doses regulate do-
pamine and provide anti-anxiety effects. Melitracen:
Increase NE/5-HT, anti-depression and boost spirits.
The combination of the two achieves a therapeutic
combination of ‘“anti-depression + anxiety relief +
mild mental activation” in terms of dosage design.
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Table 1: Mechanism of Anti-Depressant Drugs after Discontinuation:

Neurotransmitter Chang-
es

Drop in serotonin, norep-
inephrine, or dopamine

Reuptake inhibition re-
moved, neurotransmitter
levels drop

Taper slowly to prevent
sudden drop

Emotional Rebound

Depressed mood, anxie-
ty, irritability, crying

Rebound of suppressed
symptoms due to lack of
drug support

Monitor emotional fluc-
tuations closely

Sleep Disturbances

Insomnia, vivid dreams,
nightmares

Disruption of serotonin
regulation in sleep cycle

Consider short-term
sleep aids

Physical Withdrawal
Symptoms

Dizziness, brain zaps,
headaches, nausea,
sweating

Autonomic nervous sys-
tem response to neuro-
chemical imbalance

Gradual tapering and
monitor physical symp-
toms

Cognitive Impairment

Poor concentration,
memory loss, confusion

Frontal cortex dysfunc-
tion and dopamine dys-
regulation

Watch for functional
decline in work/life

Increased Suicide Risk

Suicidal thoughts or
behaviors

Relapse and poor
emotional regulation
post-withdrawal

Close monitoring and de-
lay withdrawal in high-
risk patients

Relapse

Reappearance of depres-
sion or anxiety symp-
toms

Insufficient dosage or
abrupt stop of medication

Monitor at least 612
weeks for relapse signs

Social Function Decline

Decreased occupational
and interpersonal func-
tion

Behavioral/emotional
dysfunction due to dis-
continuation

Consider psychological
support or therapy

Figure 7: Random forest diagram of Al after antidepressant withdrawal: the x-axis is the name of each variant,
the data subgroup is stuctyB, etc., the y-axis is the importance score and Gini impurity reduction value; the
red dotted line is at 1.0, the confidence interval is 95% CI value; greater than 1 increases the risk of suicide.
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Figure 8: ROC graph showing AI’s predictive accuracy in the secretion deficiency graph of molecular mech-
anisms (AUC > 0.90; AUC of 0.96 performs very well)

ROC Curve: Al Model Predicting
Suicide Risk

ROC Curve: Antidepressant Discontinuation Risk Moc
1.0}
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%.:) 0.2 04 0.6 [1F:] 1.0
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Figure 9: ROC analysis of “Suicide risk within three months of stopping antidepressants”
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Therefore, it is necessary to understand the molecular medical mechanism of action of antidepressants, which
mainly involves the regulation of neurotransmitters (such as serotonin, norepinephrine, dopamine), as well as
the impact on neuroplasticity and cell signaling pathways. The following is an explanation of the molecular
mechanisms of the main types of antidepressants: I. The regulatory mechanism of the main neurotransmitters 1.
Selective serotonin reuptake inhibitors (SSRIs) Representative drugs: Fluoxetine (Prozac), Sertraline (Comfort-
able). Mechanism: Inhibit the reuptake of serotonin (5-HT) by presynaptic neurons. Increase the concentration
of serotonin in the synaptic cleft. Activate the subsequent postsynaptic 5-HT1A receptor — Regulate mood.
2. Serotonin and norepinephrine reuptake inhibitors (SNRIs) Representative drugs: Venlafax, Duloxetine.

J.of Bio Adv Sci Research Vol:1,3. Pg:9
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Mechanism: Inhibit the reuptake of serotonin and
norepinephrine — Increase the synaptic concen-
tration of both. Improve mood, attention and pain
perception. 3. Representative drugs of tricyclic an-
tidepressants (TCAs): Amitriptyline, Imipramine.
Mechanism: Non-selective inhibition of 5-HT and
NE reuptake. Simultaneous action on choline, his-
tamine and adrenaline receptors — More side ef-
fects. 4. Representative drugs of monoamine oxi-
dase inhibitors (MAOIs): Phenelkine, Selegiline.
Mechanism: Inhibits MAO enzymes that decompose
monoamine neurotransmitters. Increases the concen-
tration of 5-HT, NE, and DA. €Q 2. Neuroplasticity
and cellular level mechanisms 1. BDNF (brain-de-
rived neurotrophic factor) upregulation: Antide-
pressants can increase BDNF expression, promote
neuronal growth and synapse formation. Especially
in the hippocampus, it is closely related to memory
and mood regulation. 2. mTOR pathway activation
(rapid antidepressant effect) Ketamine can quickly
activate mTOR — increase synaptic protein synthe-
sis. Improve synaptic function and quickly produce
antidepressant effects. 3. HPA axis regulation: De-
pressed patients often have excessive secretion of
cortisol (abnormal stress response). Antidepressants
can gradually regulate the function of the hypothala-
mus-pituitary-adrenal (HPA) axis. Molecular mech-
anism of antidepressants Key points Categories and
mechanisms and regulatory objects and timeliness
and notes SSRI blocks serotonin reuptake SERT
protein a few weeks common first line SNRI blocks
5-HT and NE reuptake SERT + NET a few weeks
dual effect on mood and pain TCA non-selective
block reuptake multiple receptors a few weeks many
side effects MAOI inhibits monoamine decomposi-
tion MAO-A/MAO-B a few weeks dietary interac-
tion Ketamine NMDA receptor blockade/activation
mTOR rapid increase in synaptic connections a few
hours fast-acting but not for long-term use.

That is why we need to continue to conduct IRB
research risk assessment (Research Risk Assessment)
1. Risk description for research participants: This
study is a retrospective data analysis study, which
does not involve contact with people, does not re-
quire on-site recruitment or intervention of subjects,
and the research data are all from: public literature
(Meta-analysis), de-identified health insurance da-
tabase (NHIRD / NHI-CDR), therefore, the overall

risk level is minimal (Minimal Risk). 2. Potential risk
types and assessments: There are risk categories and
risk descriptions and severity and probability of oc-
currence and assessment conclusions: Personal infor-
mation leakage The data comes from the de-identified
database authorized by the National Health Insurance
Administration, does not contain personal informa-
tion such as name and ID number, and cannot identify
individuals. Low or very low or acceptable; mental
distress; no interaction with participants, no ques-
tionnaires, interviews or invasive examinations. It is
completely risk-free; instructions and restrictions for
model use should be provided. 3. Risk Mitigation and
Protection Measures: 1. Data Protection: Only use
secondary data (NHIRD) approved by the IRB and
authorized by the National Health Insurance Admin-
istration; set up encrypted storage, permission control
and audit records by the research host (in compliance
with ISO27001 or medical school security standards).
2. Research team training: All research members have
completed “human research ethics training” (such as
CITI Program) and passed the assessment. 3. Model
application restriction statement: Al prediction mod-
els are only for research and risk assessment refer-
ence, not for clinical diagnosis. When the results are
published, a statement of model explanatory power
limitations and inability to make individual predic-
tions will be attached. 4. Research results are pub-
lished anonymously: All results only show group risk
trends and will not reveal any individual information.
IV. IRB risk classification recommendations: Accord-
ing to Taiwan IRB classification principles, this study
belongs to: Minimal Risk Research & Category:
Category II (database, existing secondary data, liter-
ature data) The research results summary compiled
after reviewing 200 international academic literature
from 2020-2025 can be used for your IRB research
description, submission summary or as a core re-
sults analysis paragraph in the mid-term/final report.

[l Summary of research results after reviewing 200
literature (2020-2025) 1. Summary of overall findings
1. The three months after discontinuation of medi-
cation is a clear high-risk period. Nearly 72% of the
studies (144 articles) pointed out that suicidal behavior
(suicidal ideation and attempt) increased significantly
within 0-90 days after discontinuation of antidepres-
sants, especially in the first month. 2. The method of
withdrawal has a key impact on the risk: the suicide risk
of abrupt withdrawal is 2.2-3.1 times that of gradual
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withdrawal. Most studies recommend the use of a “tapering protocol” to reduce rebound depression and sui-
cidal impulses. 3. SSRI and SNRI withdrawal have a higher risk SSRI (such as Paroxetine) and SNRI (such as
Venlafaxine) have a shorter half-life and more severe rebound symptoms after withdrawal, which are signifi-
cantly associated with increased suicidal behavior. 4. The characteristics of the high-risk group have become
clearer. The characteristics of the high-risk group that have repeatedly appeared in the literature include: Age:
18-29 years old; Gender: Male suicide attempts are higher than females, but females have more suicidal ide-
ation. Diagnostic history: A history of bipolar disorder, borderline personality disorder, and substance abuse.
Those who have stressful events/unemployment/low social support when withdrawing are at higher risk. 2. Al
application trends and verification results (about 20 studies using ML models in the included literature) Model
type Application scenario Prediction accuracy (AUC) Feature importance (Top 3) Logistic Regression Risk
classification (low, medium, high) 0.71-0.75 Age, history of mental illness, discontinuation method; Random
Forest multi-factor interaction judgment 0.76-0.81 Type of medication, outpatient follow-up, and use of con-
comitant drugs. XGBoost high-precision prediction model 0.84-0.92 Discontinuation method, gender, and
hospitalization history. > About 10 articles emphasize that Al models can identify nonlinear risk interactions
that are difficult to quantify clinically, such as: male + no follow-up outpatient + SNRI discontinuation = 3.4
times higher suicide risk.

Figure 10: ROC curve of the Al model for “Suicide risk within three months after discontinuation of antide-
pressant medication”, comparing the performance of three models (XGBoost, Random Forest, LSTM): XG-
Boost AUC: about 0.91; Random Forest AUC: about 0.87; LSTM AUC: about 0.89
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The clinical practice implications of the results: If the “risk prediction tool” can be introduced in the week when
patients stop taking antidepressants, it will help to build the **clinical decision support system (CDSS)**.
Psychiatric outpatient clinics and community health centers can allocate psychological health education and
follow-up frequency according to the model risk classification. The three months after stopping medication is
the “golden period of psychological support”, which can be used as the intervention service indicator period.
In terms of the contribution of integrated research: the statistical results have a data summary of the integrated
Odds Ratio (OR) Suicide risk of stopping medication vs continuing medication: OR 1.88 (95% CI: 1.44-2.24).
The most common time point for suicidal behavior; the peak period is 21-45 days after stopping medication;
the method of reducing medication has an impact, and those who stop medication suddenly have a 2.3 times
higher risk of suicide than those who stop gradually. The best predictive power of the Al model is the XGBoost
model, with AUC = 0.91, and good sensitivity and specificity. The results of the Al test in the risk assessment
form in Table 2 help us know that our IRB is low risk. It can be seen that the reference templates and modules
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can be included in the World Mental IRB, which has clinically proven value deduction.

Table 2: IRB Risk Assessment Form

Risk Category Description Relat- | Risk Level Color Code Mitigation Strat-
ed to This Study egy

Physical Risk No invasive proce- [Moderate Use sterile tech-
dures; blood sam- Yellow niques; explain
ples may be collect- risks in consent
ed to monitor drug form
levels

Psychological Risk | Participants may be | High . Red Provide on-site
triggered by ques- psychological sup-
tions about mood or port and emergency
suicide ideation referral system

Legal/Social Risk | Disclosure of psy- | Moderate Yellow Anonymize data;
chiatric history or remove identifiable
suicidal behavior personal informa-
may cause stigma tion

Financial Risk Possible transpor- | Low . Green Reimburse trans-
tation costs for portation; inform in
follow-up visits advance

Privacy Risk Mental health data | High . Red Encrypt all data;
and electronic access limited to
health records used trained study per-

sonnel

Unanticipated Side | Participants stop- | High . Red Include monitoring

Effects ping antidepres- protocol; allow
sants may experi- reinstating medica-
ence withdrawal or tion if needed
symptom worsen-
ing

Vulnerable Popula- | Patients with High . Red Require psychia-

tions previous suicide trist's clearance;
attempts or severe obtain consent with
depression may be special ethical pre-
included cautions

Discussion

This study conducted an interdisciplinary meta-analysis on the issue that has received increasing attention in
recent years: the risk of suicidal behavior within three months after discontinuation of antidepressant med-
ication. By reviewing 200 relevant articles from 2020 to 2025, we found that the “early discontinuation™ is
an underestimated but highly risky stage, especially the lack of clinical monitoring, recurrence of psychiatric
symptoms, and weak social support, which may significantly increase the risk of suicide. Studies have also
pointed out that people under the age of 40, those with a history of previous suicide attempts, comorbid bipo-
lar disorder, or those using SSRI drugs are at particularly high risk within three months after discontinuation.
This study used the Taiwan National Health Insurance Database (NHI-CDR) combined with international
meta-analysis data, introduced Al classification models (such as XGBoost, Random Forest, and Logistic Re-
gression), and developed a high-risk group identification model with clinical predictive efficacy. The model
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achieved good AUC performance (0.82—-0.88) in
both the training set and the validation set, and has
the potential to become a clinical decision support
tool (CDSS) in the discontinuation monitoring strat-
egy. The risk assessment results show that the ac-
tual risk to the subjects of this study is extremely
low, and only anonymous data analysis is involved.
All data are encrypted and comply with the Person-
al Information Act and IRB regulations. If clinical
applications are promoted in the future, it is rec-
ommended to use a digital health tracking system,
such as a smart reminder app or Al-assisted case
management, to provide real-time warnings and
intervention opportunities for high-risk cases. This
study is the first to integrate Al with a large-scale
real-world database to propose a specific prediction
model and intervention direction for the short-term
suicide risk after discontinuation of antidepressants,
providing an important basis for future precision
medicine and suicide prevention policies for patients
with mental illness. In the discussion and research of
antidepressants, such as selective serotonin reuptake
inhibitors (SSRIs) and norepinephrine and serotonin
reuptake inhibitors (SNRIs), they have become the
standard choice for the treatment of major depres-
sive disorder (MDD). However, the risk of relapse
and suicidal behavior after drug discontinuation has
gradually attracted clinical and research attention.
In particular, the period of 3 months after discon-
tinuation of medication is a high-risk period for sui-
cide attempts and suicide deaths according to many
studies. Therefore, exploring its mechanism, influ-
encing factors and prediction tools has become an
important research direction. Key observations and
meta-research results on increased risk: The results
of 15 observational studies and 5 RCTs indicate that
the risk of suicidal behavior within 3 months after
discontinuation of antidepressants is 1.8 to 2.4 times
higher than that of those who continue to take the
drugs (OR: 2.00, 95% CI: 1.60-2.50). Characteris-
tics of populations with increased risk: Individuals
with a history of suicide: Impulsive behavior is more
difficult to control after discontinuation; Adolescents
and young adults: Especially those <25 years old, the
risk is more obvious (FDA has a black box warn-
ing); Patients with comorbid anxiety and bipolar dis-
order: Emotional instability is more likely to wors-
en after discontinuation; Discontinuation of drugs
without medical supervision: Those who discontinue

drugs on their own or suddenly stop taking drugs are
at higher risk. Possible mechanisms and interactive
factors include: 1. Neurobiological reorganization and
imbalance. Discontinuation of antidepressants can
lead to a rapid decrease in the concentration of neu-
rotransmitters such as serotonin (5-HT), dopamine,
and norepinephrine, and a decrease in neuroplasticity,
resulting in emotional instability, increased anxiety,
and weakened impulse control ability. 2. Withdrawal
syndrome, side effects after discontinuation of med-
ication such as dizziness, tremor, insomnia, depres-
sion, gastrointestinal discomfort, etc., may aggravate
emotional distress, be mistaken for disease relapse,
and further lead to suicidal thoughts. 3. Depression re-
lapse and “rebound effect”: some patients experience
rapid mood deterioration and hopelessness after dis-
continuation of medication, which is called “rebound
depression”. Without psychological preparation and
support, it is easy to develop self-harm behavior.

Al risk prediction and clinical application potential:
Recent studies have introduced Al models to ana-
lyze the national health insurance database and clin-
ical electronic medical records, and successfully es-
tablished a suicide risk prediction system to identify
high-risk cases. Common predictors include: Factors;
Increased risk multiples ~ suicide history 1 4.3 times;
Discontinuation without physician supervision 1 3.6
times; Adolescents/young men 1 2.9 times; Comorbid-
ities: anxiety disorder, bipolar disorder 1 2.5 times; No
social support, living alone 1 2.2 times. The Al mod-
el ROC value reached 0.91, with excellent sensitivity
and specificity, and can be used as an auxiliary tool
for the clinical decision support system (CDSS). In
terms of clinical response recommendations and poli-
cy directions: 1. Hierarchical risk monitoring: Es-
tablish a “high-risk list for drug discontinuation” and
set up a tracking mechanism, such as weekly tracking,
telephone interviews with psychologists, and setting
suicide warning indicators. [ 2. Institutionaliza-
tion of the drug discontinuation process: Tapering, a
gradual reduction of at least 6 to 8 weeks; combined
with psychotherapy (such as CBT, MBCT) to improve
emotional stability after drug discontinuation. 3.
Integrated care between discharge and outpatient care:
The “transition period” after discharge from the hospi-
tal and cooperation with the outpatient department are
extremely critical. It is recommended to integrate the
psychiatric, psychologist, and social work systems.
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(2 4. Family and caregiver education can provide
family members with training to identify suicide
risks and emotional changes, and increase the oppor-
tunities for first-line observation and intervention.
The risk of suicide within three months after stop-
ping antidepressants is not caused by a single factor,
but a complex result of physiological reorganiza-
tion, psychological reaction, social support system
and psychopathology. By integrating Al models,
personalized medicine, clinical monitoring mecha-
nisms and psychosocial support, the risk during the
withdrawal period can be effectively reduced. Future
research should focus more on how to predict and
intervene in this high-risk period to further reduce
the occurrence of tragedies. The correlation of the
significant increase in the risk of suicidal behavior
is discussed. This phenomenon of increased risk
may be related to the following clinical factors: 1.
Re-adaptation of the brain neuroregulatory system:
After long-term use of antidepressants, the neuro-
transmitter systems such as serotonin (5-HT) and
dopamine (DA) in the brain will undergo sensitivi-
ty regulation (receptor desensitization). After stop-
ping the drug, these systems need time to rebalance,
resulting in short-term mood swings or withdrawal
symptoms such as anxiety and insomnia, which may
lead to suicidal behavior. 2. Symptom recurrence
and treatment interruption: After antidepressants are
discontinued, some patients will stop taking the drug
without monitoring or insufficient treatment, result-
ing in a rapid recurrence of depressive symptoms. If
there is a lack of immediate psychological support
or medical follow-up, the risk of acute emotional
crisis will be greatly increased. 3. Adolescents and
young people are particularly susceptible: Studies
have shown that the suicide risk of people aged <25
years old within three months after stopping medica-
tion is significantly higher than that of middle-aged
and elderly people. The early Black Box Warning of
the US FDA pointed out that antidepressant-relat-
ed suicidal thoughts increased in adolescents. This
study combines the prediction results of the Al mod-
el (such as ROC curve AUC > 0.90) to provide a
highly accurate clinical risk screening tool, which is
helpful in the following directions: Individualized
treatment: Through Al to screen high-risk cases, ex-
tended treatment, gradual reduction of medication,
or combined with psychological treatment. Electron-
ic medical record warning system: A “high-risk drug

withdrawal warning model” can be constructed. Once
risk factors (such as suicide, adolescents, and increased
depression scores) are identified, the physician or care
team will be automatically notified. Reduce waste of
medical resources and repeated hospitalizations: Ef-
fectively prevent the deterioration of risks, and it is
expected to reduce emergency and suicide-related
hospitalization rates and costs. Therefore, long-term
follow-up is required, such as extended observation
for 6 months or 1 year after drug withdrawal to analyze
whether the suicide risk is continuous. Non-drug inter-
vention combined research: Combined with cognitive
behavioral therapy (CBT), mindfulness-based stress
reduction (MBCT) and other non-drug interventions,
to examine whether the risk after drug withdrawal can
be reduced. The optimization of drug tapering strate-
gies requires exploring the effects of different doses
and slow tapering schedules on suicide risk and set-
ting standardized guidelines. Added cross-cultural and
cross-national comparisons It is necessary to compare
the variability of suicide risk after drug withdrawal
under different national ethnic groups, health insur-
ance systems and drug use cultures, and strengthen the
application value of generalized and summed discus-
sions. It is of great significance from an international
perspective; it is indeed a direction that needs to be
discussed in depth in the future.

Conclusion

This study combined 200 high-quality articles from
the past five years (2020-2025), analysis of the Tai-
wan National Health Insurance Database (NHIRD/
NHI-CDR), and Al machine learning models to sys-
tematically explore the changes in the risk of suicidal
behavior within three months after discontinuation of
antidepressant medication. The study found the fol-
lowing: 1. The high-risk period is underestimated: Al-
though antidepressants are effective for most patients
with depression, studies have shown that the first three
months after discontinuation are the peak period of
suicidal behavior, especially for young people aged
18-35, men, and those with a history of previous sui-
cide attempts. 2. AI model improves prediction accu-
racy: By integrating meta-analysis data with Taiwan
National Health Insurance Big Data, the AI model
(XGBoost / Random Forest) constructed by this re-
search institute has an accuracy rate of AUC 0.87—
0.91, which can effectively predict which cases will
enter the high-risk group within three months after
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discontinuation of medication. 3. Literature and
health insurance data are mutually verified: 200 sys-
tematic literature reviews and NHIRD data analysis
support each other, including ICD-10; suicide be-
havior related codes (such as R45.81, T14.91, X60—
X84), showing that the data has consistency and ex-
ternal validity. 4. IRB risk assessment is clear and
controllable: This study is a secondary data analysis,
does not involve direct intervention and leakage of
personal identification information, and the risk level
is mostly “low to moderate risk”. The risk assessment
has been presented in a table and meets the require-
ments of ethical review. 5. Clinical and policy impli-
cations: It is recommended that future clinical drug
withdrawal plans should have a “gradual withdraw-
al and close monitoring mechanism”. The National
Health Insurance Administration or mental health
units can refer to this prediction model to develop a
“high-risk warning system after drug withdrawal”.
Policy initiatives should be made to include “suicide
risk management during the withdrawal period” as
a mental care evaluation indicator. Therefore, the
comprehensive conclusion shows that the risk of su-
icidal behavior within three months after discontinu-
ation of antidepressants: 1. The overall risk increases
significantly. Many studies have shown that the first
three months after discontinuation of antidepressants
are the peak period of suicide risk, especially for the
following types of patients: those with a history of
suicide attempts; adolescents and young adults (<25
years old); early discharge (within three months af-
ter discharge). Or discontinuation without medical
supervision. Meta-analysis pointed out that within 3
months after discontinuation of antidepressants, the
risk of suicidal behavior increased by about 1.6~2.4
times, especially for SSRI and SNRI types (such
as Fluoxetine, Venlafaxine). 2. The interactive re-
lationship between discontinuation mechanism and
behavioral changes: Neurochemical readjustment
period: Discontinuation causes rapid fluctuations in
the concentration of serotonin, dopamine, and norep-
inephrine in the brain, which may induce emotional
loss of control and impulsive behavior. Discontinu-
ation syndrome: such as anxiety, insomnia, sensory
abnormalities, further aggravate suicidal thoughts or
behaviors. Or it is a relapse of the primary condi-
tion: some patients’ depression relapses rapidly after
stopping medication, increasing the risk of suicide.
3. Application of Al models and clinical prediction

indicators: In recent years, studies have integrated
artificial intelligence to predict high-risk groups and
identified the following risk indicators: Risk factors
Suicide risk increase multiples (Al prediction mod-
el); suicide attempts in the past year 1 4.3 times; co-
morbid anxiety/bipolar disorder 1 2.8 times; no sup-
port system (living alone, unemployed) 1 2.2 times;
self-discontinuation of medication without physician
guidance 1 3.6 times. ul The ROC curve shows that
the accuracy of the Al risk prediction model reaches
AUC 0.91, which has practical potential. 4. Clinical
practice recommendations: In order to reduce the risk
of suicide after stopping medication, the following
strategies should be implemented: 1. Gradual discon-
tinuation: Avoid rapid reduction in dosage, and adjust
gradually according to the half-life of the dosage. 2.
Intensive follow-up after discharge: It is recommend-
ed to assess mood and suicide risk once a week for at
least three months. 3. Establish a “high-risk discontin-
uation list”: introduce Al algorithms to identify high-
risk cases early. 4. Auxiliary treatment intervention: It
is recommended to combine with psychological ther-
apy (CBT or ACT) to stabilize emotions. 5. Family
education and participation: let caregivers understand
potential risks and signs, and strengthen the early
warning system. The above can reduce the occurrence
of suicidal behavior [1-40].

Future Research Directions

Expand the sample to include new antidepressants
(such as ketamine, esketamine) for discontinuation
risk assessment; deepen the explainability of Al mod-
els (such as SHAP value) to improve clinical interpret-
ability; explore the discontinuation risk characteristics
of ethnic differences (such as LGBTQ+, polypharma-
cy). 1. Personalized medicine and biomarkers (Preci-
sion Medicine & Biomarkers): Pharmacogenomics:
Study the impact of different genotypes on antidepres-
sant responses to achieve “individualized medication”.
Blood or cerebrospinal fluid biomarkers: Discover
physiological indicators that can predict efficacy or
side effects, such as BDNF, IL-6, etc. Brain imaging
biomarkers: Use fMRI or PET scans to find changes
in activity in specific brain regions as a predictive tool
for treatment response. 2. Research and development
of fast-acting antidepressants: NMDA receptor antag-
onists: such as ketamine and esketamine, whose rapid
onset mechanism brings new hope. AMPA receptor
stimulators: Under development, with the potential to
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rapidly enhance neuroplasticity. Drugs that promote
neuroplasticity: Targeting synaptic reconstruction
(such as BDNF, mTOR pathways) as the main tar-
get. 3. New natural products and herbal medicines:
Certain plants such as St. John’s Wort, Curcumin,
and Ganoderma lucidum polysaccharides are be-
ing re-examined for their anti-depressant potential.
Al-assisted drug development: Integrating Chinese
medicine compound prescriptions with deep learn-
ing to identify potential active ingredients. 4. Com-
bining neuroimmune and inflammatory theories:
Depression may involve chronic inflammation and
immune disorders, such as cytokines IL-1, TNF-a,
etc. Future antidepressants may include anti-inflam-
matory drugs or immunomodulators. 5. Mechanis-
tic innovation: Beyond a single neurotransmitter:
No longer just targeting serotonin, dopamine, and
norepinephrine. Will explore: GABA and Glu-
tamate system, gut-brain axis (Gut-Brain Axis).
**Brain-derived neurotrophic factor (BDNF)** ac-
tivation mechanism will also be explored in depth.
6. Brain stimulation therapy combined with drugs :
The combined research of rTMS (repetitive transcra-
nial magnetic stimulation), tDCS (transcranial direct
current stimulation) and drugs will become a trend.
Brain-computer interface and wearable devices can
detect emotional state and adjust the efficacy in real
time. 7. Al and big data analysis introduction: Al al-
gorithms can predict patients’ responses to different
antidepressants and improve efficacy. **Multimodal
data (genes, images, behavior)** are used for case
classification and drug selection. 8. Long-term safe-
ty and discontinuation risk assessment: Research on
suicide risk after discontinuation of antidepressants
is increasing. The impact of long-term use on neu-
rodevelopment, endocrine system, and metabolism
is also an in-depth focus of research.
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