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Abstract

Tardive dyskinesia (TD) is a potentially irreversible and disabling iatrogenic movement disorder characterized by involuntary,
repetitive movements, predominantly affecting the orofacial region, trunk, and limbs. This severe adverse effect is associated
with prolonged exposure to dopamine receptor blocking agents, particularly antipsychotic medications used in the treatment
of psychiatric conditions such as schizophrenia and bipolar disorder. The pathophysiology of TD involves complex interactions
between dopaminergic dysregulation, oxidative stress, neuroinflammation, and neuronal degeneration. Genetic factors,
including variations in dopamine receptor genes, antioxidant pathways, and neuronal plasticity-related genes, contribute to
individual susceptibility and symptom severity. While preventive measures, such as judicious use of antipsychotics and regular
monitoring, remain the mosteffective strategies, once TD develops, managementbecomes challenging. Current pharmacological
interventions, including vesicular monoamine transporter 2 (VMAT?2) inhibitors, antioxidants, and alternative antipsychotics,
provide symptomatic relief but do not consistently reverse the underlying pathology. Non-pharmacological approaches,
such as deep brain stimulation, botulinum toxin injections, and rehabilitative therapies, can complement pharmacological
interventions and improve functional outcomes and quality of life. Ongoing research efforts aim to elucidate the complex

molecular mechanisms underlying TD and develop more targeted and personalized therapeutic strategies.

Keywords: Antipsychotics; Tardive Dyskinesia, D2 Receptor; Dopamine

Abbreviations: TD: Tardive Dyskinesia; VMAT2: repetitive, and abnormal movements, predominantly

Vesicular Monoamine Transporter 2; ROS: Reactive Oxygen
Species; PET: Positron Emission Tomography; AIMS:
Abnormal Involuntary Movement Scale; DISCUS: Dyskinesia
Identification System: Condensed User Scale; MRI: Magnetic
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Introduction

Tardive dyskinesia (TD) is a potentially irreversible and
disabling movement disorder characterized by involuntary,

Tardive Dyskinesia: Addressing the Challenges of an Iatrogenic Movement Disorder

affecting the oro facial region, trunk, and limbs. This
condition is a severe adverse effect associated with
prolonged exposure to dopamine receptor blocking agents,
particularly antipsychotic medications used in the treatment
of schizophrenia, bipolar disorder, and other psychiatric
conditions. The prevalence of TD is a significant concern,
with estimates suggesting that up to 20-30% of patients
receiving long-term antipsychotic treatment may develop
this disorder [1]. The risk increases with longer duration
of antipsychotic exposure, higher dosages, and advanced

Int ] Biochem Physiol


https://medwinpublishers.com/IJBP/
https://portal.issn.org/resource/ISSN/2577-4360#
https://medwinpublishers.com/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.23880/ijbp-16000248

International Journal of Biochemistry & Physiology

age [2]. While both typical (first-generation) and atypical
(second-generation) antipsychotics can induce TD, the
risk is generally higher with typical antipsychotics, such as
haloperidol and fluphenazine, due to their higher affinity
for the dopamine D2 receptor [3]. The pathophysiology of
TD is complex and multifactorial, involving dopaminergic
dysregulation, oxidative stress, and neuronal degeneration.

The super sensitivity of dopamine receptors, particularly
the D2 receptor subtype, is a central mechanism proposed
to underlie TD development [4]. Chronic blockade of these
receptors by antipsychotics leads to compensatory up
regulation and hypersensitivity, resulting in involuntary
movements upon withdrawal or continued treatment.
Additionally, oxidative stress and neurotoxicity play crucial
roles in the pathogenesis of TD. Antipsychotics have been
shown to induce oxidative damage and mitochondrial
dysfunction, leading to neuronal injury and degeneration
[5]. Genetic factors, such as variants in the dopamine
receptor genes (DRD2, DRD3), antioxidant enzyme genes
(e.g., superoxide dismutase, glutathione peroxidase), and
other susceptibility genes, may also contribute to individual
variability in TD risk [6]. The pathogenesis of TD involves
complex relationship between dopaminergic dysregulation,
oxidative stress, neuroinflammation, and neuronal
degeneration. While the precise mechanisms remain an

area of active investigation, several key processes have been
implicated in the development of this iatrogenic movement
disorder. The dopamine supersensitivity hypothesis is a
central theory proposed to explain the pathogenesis of TD.

Chronic exposure to dopamine receptor blocking agents,
particularly the first-generation or typical antipsychotics
like haloperidol, fluphenazine, and chlorpromazine, leads
to compensatory up regulation and supersensitivity of
dopamine receptors, predominantly the D2 subtype [7].
This supersensitivity results in dysregulated dopaminergic
neurotransmission in the nigrostriatal and mesolimbic
pathways, which manifests as involuntary movements upon
continued antipsychotic treatment or withdrawal. Mounting
evidence from preclinical and clinical studies suggests that
oxidative stress and neuronal degeneration play crucial
roles in the development of TD. Antipsychotics, both typical
and atypical agents like risperidone and olanzapine, have
been shown to induce oxidative damage by promoting the
formation of reactive oxygen species (ROS) and impairing
antioxidant defense mechanisms. This oxidative stress can
lead to mitochondrial dysfunction, neuroinflammation, and
neuronal injury, particularly in the basal ganglia and other
brain regions involved in movement control [8] (Figure
1) schematically represents the pathophysiology of drug
induced TD.

activity.

Figure 1: The figure illustrates the mechanisms underlying TD. Chronic exposure to dopamine receptor blocking agents,
especially first-generation antipsychotics, leads to dopamine receptor up regulation and supersensitivity, resulting in
dysregulated neurotransmission in the nigrostriatal and mesolimbic pathways. Additionally, antipsychotics induce oxidative
stress by promoting reactive oxygen species (ROS) formation and impairing antioxidant defenses, leading to reduced GABA

Several well-established and emerging risk factors
contribute to an increased susceptibility to developing
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TD. Both typical (first-generation) and atypical (second-
generation) antipsychotics can induce TD, with the risk

Copyright© Alam M, et al.


https://medwinpublishers.com/IJBP/

International Journal of Biochemistry & Physiology

generally being higher for typical agents like haloperidol,
fluphenazine, and chlorpromazine due to their stronger
affinity for the D2 receptor and higher propensity for
causing extrapyramidal side effects [9]. However, atypical
antipsychotics are not entirely risk-free, with agents like
risperidone and paliperidone exhibiting a higher TD risk
compared to others like clozapine and quetiapine [10].
The risk of TD increases with prolonged exposure to
antipsychotics, with estimates suggesting a 5% risk after
one year of treatment and up to 30% risk after five years
or more. This risk appears to be dose-dependent, with
higher cumulative doses of antipsychotics associated with
a greater likelihood of developing TD [11]. Advanced age
and female sex have been consistently associated with
a higher risk of developing TD, potentially due to age-
related changes in dopamine receptor sensitivity, hormonal
factors, and increased susceptibility to oxidative stress [12].
Genetic variations in several genes have been implicated
in TD susceptibility, including dopamine receptor genes
(DRD2, DRD3), antioxidant enzyme genes (e.g., superoxide
dismutase, catalase, glutathione peroxidase), and genes
involved in neuronal plasticity and degeneration (e.g., brain-
derived neurotrophic factor, a-synuclein) [13]. However,
the specific contributions of these genetic factors and their
interactions with environmental and clinical risk factors
remain an area of active research.

Tardive dyskinesia is characterized by a diverse range
of involuntary, repetitive, and abnormal movements,
primarily affecting the orofacial region, trunk, and limbs.
The clinical manifestations and diagnostic approach for TD
are as follows:

Symptoms and Presentations

Orofacial Dyskinesia

The most common presentation of TD involves
involuntary movements of the orofacial region, including
lip smacking, tongue protrusion, chewing or sucking
movements, and grimacing [14]. These movements can be
disfiguring and can interfere with speech, swallowing, and
social interactions.

Limb and Truncal Dyskinesia

In addition to orofacial dyskinesia, TD can also manifest
as involuntary movements of the limbs and trunk, such as
chorea (irregular, unpredictable movements), athetosis
(slow, writhing movements), and dystonia (sustained muscle
contractions) [15]. These movements can affect the upper
and lower extremities, as well as the trunk, and can impair
activities of daily living and mobility.
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Other Associated Symptoms

In some cases, TD may be accompanied by additional
symptoms, such as respiratory dyskinesia (irregular
breathing patterns), blepharospasm (involuntary eye
blinking or closure), and vocalizations or grunting sounds
[16].

Diagnostic Criteria and Evaluation

The diagnosis of TD is primarily based on clinical
presentation and a thorough medical history, including the
duration and type of antipsychotic exposure. The Abnormal
Involuntary Movement Scale (AIMS) and the Dyskinesia
Identification System: Condensed User Scale (DISCUS) is
widely used standardized rating scales for assessing the
presence and severity of TD [17].

Differential Diagnosis

TD must be distinguished from other movement
disorders, such as Parkinson’s disease, Huntington’s disease,
and other drug-induced movement disorders (e.g., akathisia,
parkinsonism). Neuroimaging techniques, such as magnetic
resonance imaging (MRI) and positron emission tomography
(PET), can aid in the differential diagnosis by evaluating
structural and functional brain abnormalities associated
with specific movement disorders [18].

The management of TD presents significant challenges
due to its complex pathophysiology and the potential
irreversibility of the condition. Current strategies involve a
multifaceted approach, encompassing preventive measures,
pharmacological interventions, and non-pharmacological
therapies. Ongoing research efforts aim to develop more
effective and targeted treatments. Once TD has developed,
pharmacological interventions aim to alleviate symptoms
and potentially reverse the underlying pathophysiology.
In some cases, discontinuation or reduction of the
antipsychotic medication responsible for inducing TD may
lead to symptom improvement or remission. However, this
approach is often challenging due to the risk of psychiatric
relapse [19]. Switching to an atypical antipsychotic with
a lower propensity for causing TD, such as clozapine or
quetiapine, may be beneficial in some cases [20]. However,
the risk of TD is not entirely eliminated with atypical agents.
Several pharmacological agents have been investigated for
the symptomatic management of TD, with varying degrees of
efficacy and tolerability:

e Vesicular monoamine transporter 2 (VMAT2) inhibitors,

such as valbenazine and deutetrabenazine, have shown
promising results in reducing TD severity [21].
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e Antioxidants, such as vitamin E and melatonin, may
exert neuroprotective effects and alleviate TD symptoms
by reducing oxidative stress [22].

e Other agents, including clonazepam, amantadine, and
levetiracetam, have been explored with mixed results
[23].

In addition to pharmacological interventions, non-
pharmacological approaches can provide symptomatic relief
and improve functional outcomes. Deep brain stimulation
(DBS), involving the surgical implantation of electrodes
in specific brain regions (e.g., globus pallidus interna), has
shown promising results in reducing TD severity in some
patients [24]. However, this invasive approach is typically
reserved for severe, refractory cases. Injections of botulinum
toxin into affected muscles can alleviate focal dyskinesias,
particularly in the orofacial region [25]. Though, this
approach is limited to specific muscle groups and requires
repeated injections. Rehabilitative therapies, such as speech
therapy, swallowing exercises, and occupational therapy, can
help manage functional impairments associated with TD and
improve quality of life [26].

Conclusion and Future Prospective

TD is a severe and potentially irreversible movement
disorder associated with prolonged exposure to dopamine
receptor blocking agents, particularly antipsychotic
medications. This condition poses a significant burden on
patients, caregivers, and healthcare systems, underscoring
the importance of addressing its prevention, early detection,
and effective management. The pathophysiology of TD
involves complex interactions between dopaminergic
dysregulation, oxidative stress, neuroinflammation, and
neuronal degeneration. Genetic factors, including variations
in dopamine receptor genes, antioxidant pathways, and
neuronal plasticity-related genes, contribute to individual
susceptibility and symptom severity. While preventive
measures, such as judicious use of antipsychotics, regular
monitoring, and minimizing risk factors, remain the most
effective strategies, once TD develops, management becomes
challenging. Current pharmacological interventions,
including vesicular monoamine transporter 2 (VMAT2)
inhibitors, antioxidants, and alternative antipsychotics,
provide symptomatic relief but do not consistently reverse
the underlying pathology. Non-pharmacological approaches,
suchasdeepbrainstimulation, botulinum toxininjections,and
rehabilitative therapies, can complement pharmacological
interventions and improve functional outcomes and quality
of life for patients with TD. Ongoing research efforts are
focused on elucidating the complex molecular mechanisms
underlying TD, with the aim of developing more targeted and
personalized therapeutic strategies. Advancementsin genetic
and biomarker studies, novel pharmacological agents, and
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emerging technologies like gene therapy and regenerative
medicine hold promise for improving the prevention and
treatment of this debilitating condition.
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