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Abstract: Drug-induced movement disorders (DIMDs) are a group of neurological conditions
caused by the use of certain medications. These disorders can significantly impact a person's quality
of life and are essential to recognize and manage. This article provides an overview of the causes,
symptoms, and treatment of DIMDs. DIMDs can manifest in various forms, including
parkinsonism, tardive dyskinesia, dystonia, and akathisia. They are most commonly associated with
medications such as neuroleptics, antidepressants, antipsychotics, antiemetics, and anticonvulsants.
Risk factors for developing DIMDs include age, genetics, duration of medication use, and dose of
medication. Symptoms of DIMDs can range from mild to severe and may include tremors, rigidity,
bradykinesia, and involuntary movements. These symptoms can significantly impact a person's
ability to perform daily activities and lead to social isolation and decreased quality of life. DIMD
diagnoses are based on clinical evaluation, including a thorough medical history and physical
examination. Imaging studies such as MRI or CT scans may also be used to rule out other possible
causes of symptoms. Treatment of DIMDs involves the withdrawal of the offending medication if
possible. Pharmacological treatments such as anticholinergic drugs, benzodiazepines, and
dopamine agonists may also be used to manage symptoms. Non-pharmacological treatments such
as physical, occupational, and speech therapy can also be beneficial. DIMDs are necessary
neurological conditions that can significantly impact a person's quality of life. Early recognition and
management of these disorders are essential for optimizing outcomes. Further research is needed to
understand the underlying mechanisms of DIMDs better and to develop more effective treatments.
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1. Introduction

1.1. Definition of Drug-Induced Movement Disorders (DIMDs)

Drug-induced movement disorders (DIMDs) encompass a broad spectrum of neurological
conditions characterized by abnormal, involuntary movements caused by exposure to specific
medications [1]. These disorders are often a result of the medication's effects on the central nervous
system, particularly on the neurotransmitter systems involved in motor control. DIMDs can
significantly impact a person's quality of life and may require prompt recognition and management
[2].

One of the most well-known DIMDs is drug-induced parkinsonism, which is characterized by
symptoms similar to those of Parkinson's disease, such as tremors, rigidity, bradykinesia (slowness
of movement), and postural instability. Drug-induced parkinsonism is most commonly caused by
medications that block dopamine receptors in the brain, such as specific antipsychotic medications
[3].

Tardive dyskinesia is another common DIMD characterized by involuntary movements,
particularly of the face and tongue. These movements can include grimacing, tongue protrusion, and
rapid blinking. Tardive dyskinesia is most often associated with long-term use of dopamine receptor-
blocking medications, such as certain antipsychotics and antiemetics. It is believed that the relation
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with the time of receptor binding neurotransmitter is associated with an increased likelihood of
developing dyskinesia, like in cases of liquid versus tablet formulations of levodopa [4]. Another
hypothesis could be related to the neuroinflammation Field [5], but this does not entirely explain
different presentation [6].

Dystonia is a DIMD characterized by sustained muscle contractions that result in abnormal
postures or repetitive movements. Dystonic movements can affect any part of the body and can be
painful and disabling [7]. Like other DIMDs, dystonia can be caused by medications that affect
dopamine receptor activity in the brain.

Akathisia is a DIMD characterized by a subjective feeling of restlessness and an urge to move.
People with akathisia may pace, fidget, or have difficulty sitting still. Akathisia is often associated
with medications that block dopamine receptors, such as certain antipsychotics and antiemetics.
Various factors, including the type of medication, the dose and duration of medication use, and
individual susceptibility, influence the development of DIMDs. Some people may be more
predisposed to developing DIMDs due to genetic factors or underlying neurological conditions.

The diagnosis of DIMDs is based on a thorough medical history, physical examination, and
evaluation of the timing of symptoms about medication use. Imaging studies such as magnetic
resonance imaging (MRI) or computed tomography (CT) scans may be used to rule out other possible
causes of symptoms.

Management of DIMDs often involves discontinuing the offending medication if possible.
However, this must be done under the supervision of a healthcare professional, as abrupt
discontinuation of certain medications can lead to withdrawal symptoms or a worsening of the
underlying condition. Switching to a different medication or adjusting the dose may be necessary.

Pharmacological treatments for DIMDs may include anticholinergic medications, which can
help reduce tremors and muscle stiffness, or dopamine agonists, which can help restore dopamine
activity in the brain. However, the use of these medications must be carefully balanced with the risk
of side effects.

Non-pharmacological treatments for DIMDs may include physical therapy, occupational
therapy, and speech therapy [8]. These therapies can help improve motor function, reduce muscle
stiffness, and improve overall quality of life.

In conclusion, drug-induced movement disorders are a diverse group of neurological conditions
that can have a significant impact on a person's quality of life. Prompt recognition and management
of these disorders are essential for optimizing outcomes. Further research is needed to understand
the underlying mechanisms of DIMDs better and to develop more effective treatments.

1.2. Brief Overview of the Impact and Prevalence of DIMDs

Drug-induced movement disorders (DIMDs) can have a significant impact on affected
individuals, leading to a range of physical and psychological symptoms that can impair daily
functioning and reduce quality of life. DIMDs can cause a variety of abnormal movements, such as
tremors, rigidity, dystonia, and dyskinesia, which can interfere with activities of daily living and
reduce mobility and coordination [9].

Some DIMDs, such as dystonia, can cause painful muscle contractions and postures, leading to
discomfort and decreased quality of life [10]. The visible nature of many DIMDs, such as facial
grimacing or involuntary movements, can lead to embarrassment, social stigma, and isolation.
Additionally, the impact of DIMDs on mobility and communication can affect social interactions and
relationships. Living with a DIMD can lead to psychological distress, including anxiety, depression,
and frustration, mainly if the disorder is chronic or has a significant impact on daily life.

The prevalence of DIMDs varies depending on the specific disorder and the population studied.
For example, drug-induced parkinsonism is estimated to occur in 20-30% of patients taking
antipsychotic medications, while tardive dyskinesia is estimated to occur in 20-30% of patients
treated with antipsychotics for an extended period [11]. Dystonia and akathisia are less common but
can still appear with certain medications.
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Overall, the impact of DIMDs underscores the importance of careful consideration of medication
choices, monitoring for early signs of movement disorders, and prompt management to minimize
adverse effects on quality of life.

2. Types of Drug-Induced Movement Disorders

2.1. Parkinsonism

Parkinsonism is a neurological condition characterized by a group of motor symptoms that are
similar to those seen in Parkinson's disease. These symptoms include tremors, rigidity, bradykinesia
(slow movement), and postural instability. Parkinsonism can be caused by a variety of factors,
including certain medications, toxins, and underlying neurodegenerative disorders.

One of the most common causes of drug-induced parkinsonism is the use of dopamine receptor-
blocking medications, particularly antipsychotic medications. These medications are used to treat
conditions such as schizophrenia, bipolar disorder, and severe depression. However, their use can
lead to a reduction in dopamine activity in the brain, resulting in Parkinsonian symptoms.

The symptoms of drug-induced parkinsonism can vary in severity and may develop gradually
over time. Sometimes, the symptoms may improve or resolve once the offending medication is
discontinued. However, the symptoms may persist in other cases even after the drug is stopped.

Diagnosis of drug-induced parkinsonism is based on a thorough medical history, physical
examination, and evaluation of the timing of symptoms concerning medication use. Imaging studies
such as magnetic resonance imaging (MRI) or computed tomography (CT) scans may be used to rule
out other possible causes of symptoms.

Management of drug-induced parkinsonism often involves discontinuing the offending
medication if possible. However, this must be done under the supervision of a healthcare
professional, as abrupt discontinuation of certain medications can lead to withdrawal symptoms or
a worsening of the underlying condition. Switching to a different medication or adjusting the dose
may be necessary.

Pharmacological treatments for drug-induced parkinsonism may include anticholinergic
medications, which can help reduce tremors and muscle stiffness, or dopamine agonists, which can
help restore dopamine activity in the brain. However, the use of these medications must be carefully
balanced with the risk of side effects.

Non-pharmacological treatments for drug-induced parkinsonism may include physical therapy,
occupational therapy, and speech therapy. These therapies can help improve motor function, reduce
muscle stiffness, and improve overall quality of life.

In conclusion, drug-induced Parkinsonism is a neurological condition characterized by
symptoms similar to those of Parkinson's disease. Prompt recognition and management of drug-
induced parkinsonism are essential for optimizing outcomes and minimizing the impact on quality
of life.

2.2. Tardive Dyskinesia

Tardive dyskinesia (TD) is a neurological condition characterized by involuntary, repetitive
movements of the face, tongue, lips, and other body parts. These movements include grimacing,
tongue protrusion, lip smacking, and rapid blinking. TD typically develops after long-term use of
dopamine receptor-blocking medications, particularly certain antipsychotic medications used to treat
psychiatric disorders such as schizophrenia and bipolar disorder.

The exact mechanism of TD has yet to be fully understood. Still, it is believed to involve
alterations in dopamine signaling in the brain, particularly in the basal ganglia, which is implicated
in motor control. Prolonged exposure to dopamine receptor-blocking medications can lead to
changes in the sensitivity of dopamine receptors, resulting in abnormal movements characteristic of
TD.

A gradual onset often characterizes TD and may initially be subtle, making diagnosing it in the
early stages challenging. However, over time, the symptoms of TD typically become more
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pronounced and may persist even after discontinuation of the offending medication. In some cases,
TD can be irreversible, leading to a long-term impairment of motor function.

Diagnosis of TD is based on clinical evaluation, including a thorough medical history and
physical examination. The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria are
commonly used to diagnose TD, which requires the presence of abnormal involuntary movements
for a specified duration in patients with a history of exposure to dopamine receptor-blocking
medications.

Management of TD can be challenging and often involves a combination of strategies aimed at
minimizing symptoms and optimizing quality of life. Sometimes, discontinuing or reducing the
offending medication may improve or resolve TD symptoms. However, this must be done under the
supervision of a healthcare professional, as abrupt discontinuation of certain medications can lead to
withdrawal symptoms or a worsening of the underlying condition.

Pharmacological treatments for TD may include tetrabenazine, deutetrabenazine, and
valbenazine, approved by the U.S. Food and Drug Administration (FDA) for treating TD. These
medications work by reducing dopamine activity in the brain, which can help alleviate TD
symptoms. However, they may also be associated with side effects and must be carefully monitored.

Non-pharmacological treatments for TD may include behavioral therapies, such as biofeedback
and relaxation techniques, which can help patients manage the symptoms of TD and improve overall
quality of life. Physical and occupational therapy may also be beneficial in some cases, assisting
patients to improve motor function and reduce disability associated with TD.

In conclusion, tardive dyskinesia is a neurological condition characterized by involuntary,
repetitive movements caused by long-term exposure to dopamine receptor-blocking medications.
Prompt recognition and management of TD are essential for minimizing the impact on quality of life
and optimizing outcomes for affected individuals.

2.3. Dystonia

Dystonia is a neurological movement disorder characterized by sustained muscle contractions
that result in twisting and repetitive movements or abnormal postures. These movements can be
painful and can significantly impact a person's ability to perform daily activities. Dystonia can affect
any body part, including the arms, legs, trunk, neck, eyelids, face, or vocal cords.

There are several types of dystonia, classified based on the age of onset, body distribution, and
underlying cause. Primary dystonia is the most common form and is believed to be caused by a
combination of genetic and environmental factors. Secondary dystonia can be induced by underlying
neurological conditions, brain injury, or exposure to specific medications [12].

Drug-induced dystonia is a form of secondary dystonia that can occur as a side effect of certain
medications, particularly medications that affect dopamine signaling in the brain. These medications
include antipsychotics, antiemetics, and certain antidepressants [13]. Drug-induced dystonia
typically presents with sudden-onset, involuntary muscle contractions that can be painful and
disabling.

The diagnosis of dystonia is based on clinical evaluation, including a thorough medical history
and physical examination. [14]. Imaging studies such as magnetic resonance imaging (MRI) or
computed tomography (CT) scans may be used to rule out other possible causes of symptoms.

Management of dystonia often involves a multidisciplinary approach, including neurologists,
movement disorder specialists, physical therapists, and occupational therapists [15]. The primary
goal of treatment is to reduce symptoms and improve quality of life. Anticholinergic medications,
such as trihexyphenidyl or benztropine, may be used to decrease muscle contractions and improve
dystonia symptoms. Other drugs, such as baclofen [16] or benzodiazepines [17], may also be used to
help manage symptoms.

Botulinum toxin injections can be used to temporarily paralyze muscles affected by dystonia,
reducing muscle contractions and improving abnormal postures [18]. Repeat injections are typically
needed every few months to maintain the effects. DBS is a surgical procedure that involves
implanting electrodes in the brain to deliver electrical stimulation to targeted areas. DBS can be an
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effective treatment for dystonia in some cases, mainly when other treatments have been unsuccessful
[19]. These therapies can help improve muscle strength, flexibility, and coordination, enhancing
functional abilities and reducing disability associated with dystonia. Living with dystonia can be
challenging, and psychological support from a mental health professional or support group can be
beneficial in coping with the emotional impact of the condition [20]. In conclusion, dystonia is a
neurological movement disorder characterized by sustained muscle contractions that result in
twisting and repetitive movements or abnormal postures. Prompt recognition and management of
dystonia are essential for optimizing outcomes and improving the quality of life for affected
individuals.

2.4. Akathisia

Akathisia is a movement disorder characterized by a subjective feeling of restlessness and an
urge to move [21]. People with akathisia often describe a constant need to shift positions, pace, or
fidget. These symptoms can be distressing and significantly impact a person's quality of life.

Akathisia can be a side effect of certain medications, particularly antipsychotic medications and
some antidepressants [22]. The exact cause of akathisia has yet to be fully understood. Still, it is
believed to involve alterations in dopamine signaling in the brain, particularly in the basal ganglia,
which is implicated in motor control [23].

There are two main types of akathisia: acute akathisia, which typically occurs within days to
weeks of starting or increasing the dose of a medication, and chronic akathisia, which can persist for
months or even years after discontinuation of the offending drug.

Diagnosis of akathisia is based on clinical evaluation, including a thorough medical history and
physical examination. The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria are
commonly used to diagnose akathisia, which requires the presence of subjective restlessness and an
urge to move, often accompanied by observable movements such as pacing or fidgeting.

Management of akathisia often involves addressing the underlying cause, such as adjusting the
dose of the offending medication or switching to a different medication with a lower risk of causing
akathisia. However, this must be done under the supervision of a healthcare professional, as abrupt
discontinuation of certain medications can lead to withdrawal symptoms or a worsening of the
underlying condition.

Pharmacological treatments for akathisia may include medications such as beta-blockers,
anticholinergic drugs, or benzodiazepines, which can help reduce symptoms of restlessness and
improve overall comfort. However, the use of these medications must be carefully balanced with the
risk of side effects.

Non-pharmacological treatments for akathisia may include behavioral therapies, such as
cognitive-behavioral therapy (CBT), which can help patients manage the psychological aspects of
akathisia and improve coping strategies. Physical activity and relaxation techniques may also be
beneficial in reducing symptoms of restlessness and enhancing overall well-being.

In conclusion, akathisia is a movement disorder characterized by a subjective feeling of
restlessness and an urge to move. Prompt recognition and management of akathisia are essential for
minimizing the impact on quality of life and optimizing outcomes for affected individuals.

3. Causes of Drug-Induced Movement Disorders

3.1. Neuroleptic Drugs

Neuroleptic drugs, also known as antipsychotic medications, are a class of medications
primarily used to manage psychotic disorders such as schizophrenia, bipolar disorder, and severe
depression. These medications work by blocking dopamine receptors in the brain, which helps to
alleviate symptoms such as hallucinations, delusions, and disorganized thinking. Neuroleptic drugs
are divided into two main classes: typical (first-generation) and atypical (second-generation)
antipsychotics. Typical antipsychotics, such as haloperidol and chlorpromazine, primarily block
dopamine receptors in the brain's mesolimbic pathway, which is believed to be involved in the
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development of psychotic symptoms. Atypical antipsychotics, such as clozapine, risperidone, and
olanzapine, are newer medications that also block dopamine receptors but have a broader spectrum
of activity, affecting other neurotransmitter systems such as serotonin and norepinephrine. Atypical
antipsychotics are often preferred for their reduced risk of side effects compared to typical
antipsychotics.

Despite their effectiveness in managing psychotic symptoms, neuroleptic drugs can cause a
range of side effects. These include akathisia (restlessness), dystonia (muscle spasms), parkinsonism
(tremors, rigidity, bradykinesia), and tardive dyskinesia (involuntary movements) [24]. These side
effects are more familiar with typical antipsychotics but can also occur with atypical antipsychotics.
Atypical antipsychotics are associated with an increased risk of weight gain, dyslipidemia, and
diabetes mellitus, which can lead to long-term health complications. Also, the abnormalities in
glucose levels can lead to movement disorders [25]. Some antipsychotic medications can prolong the
QT interval, leading to an increased risk of arrhythmias [26]. Antipsychotic drugs can disrupt the
normal functioning of the endocrine system, leading to hormonal imbalances and potential
complications such as hyperprolactinemia. In rare cases, antipsychotic medications can cause
neuroleptic malignant syndrome (NMS), a potentially life-threatening condition characterized by
fever, muscle rigidity, and altered mental status.

The choice of antipsychotic medication depends on various factors, including the type and
severity of symptoms, the individual's medical history, and the risk-benefit profile of the medication.
It is essential for healthcare providers to carefully monitor patients taking neuroleptic drugs for side
effects and adjust treatment as necessary to minimize risks and optimize outcomes.

3.2. Antidepressants

Antidepressants are a class of medications used to treat depression [27], anxiety disorders, and
other mood disorders [28]. While antidepressants are generally safe and effective, some can
potentially cause drug-induced movement disorders (DIMDs) as a side effect [29]. The development
of DIMDs with antidepressant use is rare but can occur, particularly with certain classes of
antidepressants.

One of the most well-known DIMDs associated with antidepressant use is tardive dyskinesia
(TD), which is characterized by involuntary movements, particularly of the face and tongue. TD is
more commonly associated with long-term use of dopamine receptor-blocking medications, such as
certain antipsychotics, but has also been reported with the use of antidepressants, particularly
tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors (SSRIs).

Other movement disorders that have been reported with antidepressant use include
parkinsonism, dystonia, and akathisia [30]. These movement disorders are less common and are more
likely to occur with certain classes of antidepressants, such as TCAs [31] and monoamine oxidase
inhibitors (MAQISs).

The exact mechanism by which antidepressants can cause DIMDs is not fully understood but is
believed to involve alterations in neurotransmitter systems in the brain, particularly dopamine and
serotonin [32]. Antidepressants that affect dopamine and serotonin levels may disrupt the average
balance of these neurotransmitters, leading to abnormal movements.

The risk of developing a DIMD with antidepressant use is generally low, and most people can
safely take antidepressants without experiencing these side effects [33]. However, certain factors may
increase the risk, such as the prolonged use of antidepressants, especially at high doses. Use of
multiple medications that affect neurotransmitter systems, such as antipsychotics or antiemetics.
Individual susceptibility includes a history of movement disorders or other neurological conditions.

Management of DIMDs associated with antidepressant use involves careful monitoring for
symptoms and, if detected, discontinuation of the offending medication. In some cases, switching to
a different class of antidepressant or adjusting the dose may be necessary [34]. It is essential for
healthcare providers to weigh the risks and benefits of antidepressant treatment and to closely
monitor patients for side effects, including movement disorders, to optimize outcomes [35].
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3.3. Antipsychotics

Antipsychotic medications, also known as neuroleptics, are commonly used to treat psychotic
disorders such as schizophrenia, bipolar disorder, and severe depression. While effective,
antipsychotics can cause a range of side effects, including drug-induced movement disorders
(DIMDs). These movement disorders can manifest in various forms, including parkinsonism, tardive
dyskinesia, dystonia, and akathisia.

Antipsychotic-induced parkinsonism is characterized by symptoms similar to those of
Parkinson's disease, including tremors, rigidity, bradykinesia (slowness of movement), and postural
instability. These symptoms are believed to be caused by the blockade of dopamine receptors in the
brain. Tardive dyskinesia is a potentially irreversible DIMD characterized by involuntary, repetitive
movements, particularly of the face and tongue. These movements can include grimacing, tongue
protrusion, and lip-smacking. Tardive dyskinesia is more familiar with long-term use of
antipsychotics, especially typical (first-generation) antipsychotics.

Antipsychotic-induced dystonia is characterized by sustained muscle contractions that result in
abnormal postures or repetitive movements. Dystonic movements can affect any part of the body and
can be painful and disabling. Akathisia is a subjective feeling of restlessness and an urge to move.
People with akathisia may pace, fidget, or have difficulty sitting still. Akathisia is believed to be
caused by alterations in dopamine signaling in the brain. The risk of developing a DIMD with
antipsychotic use varies depending on the type of antipsychotic medication, the dose, and the
duration of treatment. Typical antipsychotics, such as haloperidol and chlorpromazine, are more
likely to cause DIMDs compared to atypical antipsychotics, such as clozapine and risperidone.
However, atypical antipsychotics can also cause DIMDs, particularly at higher doses.

Management of DIMDs associated with antipsychotic use involves careful monitoring for
symptoms and, if detected, adjusting the dose or switching to a different medication. In some cases,
discontinuation of the offending medication may be necessary, but this must be done under the
supervision of a healthcare professional to avoid withdrawal symptoms or a worsening of the
underlying condition. Overall, while antipsychotic medications are effective in treating psychotic
disorders, the risk of developing DIMDs should be carefully considered, and patients should be
monitored closely for side effects to optimize treatment outcomes.

3.4. Antiemetics

Antiemetic medications are used to prevent or treat nausea and vomiting, often associated with
chemotherapy, surgery, or motion sickness. While generally safe and effective, some antiemetics can
cause drug-induced movement disorders (DIMDs) as a side effect. These movement disorders can
manifest in various forms, including parkinsonism, tardive dyskinesia, dystonia, and akathisia.
Antiemetic-induced parkinsonism is characterized by symptoms similar to those of Parkinson's
disease, including tremors, rigidity, bradykinesia (slowness of movement), and postural instability.
These symptoms are believed to be caused by the blockade of dopamine receptors in the brain.

Tardive dyskinesia is a potentially irreversible DIMD characterized by involuntary, repetitive
movements, particularly of the face and tongue. These movements can include grimacing, tongue
protrusion, and lip-smacking. Tardive dyskinesia is more familiar with long-term use of dopamine
receptor-blocking medications, such as certain antiemetics. Antiemetic-induced dystonia is
characterized by sustained muscle contractions that result in abnormal postures or repetitive
movements. Dystonic movements can affect any part of the body and can be painful and disabling.
Akathisia is a subjective feeling of restlessness and an urge to move. People with akathisia may pace,
fidget, or have difficulty sitting still. Akathisia is believed to be caused by alterations in dopamine
signaling in the brain. The risk of developing a DIMD with antiemetic use varies depending on the
type of antiemetic medication, the dose, and the duration of treatment. Antiemetics that block
dopamine receptors in the brain, such as metoclopramide and prochlorperazine, are more likely to
cause DIMDs compared to other antiemetics.

Management of DIMDs associated with antiemetic use involves careful monitoring for
symptoms and, if detected, adjusting the dose or switching to a different medication. In some cases,
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discontinuation of the offending medication may be necessary, but this must be done under the
supervision of a healthcare professional to avoid withdrawal symptoms or a worsening of the
underlying condition. Overall, while antiemetic medications are effective in preventing or treating
nausea and vomiting, the risk of developing DIMDs should be carefully considered, and patients
should be monitored closely for side effects to optimize treatment outcomes.

3.5. Anticonvulsants

Anticonvulsant medications [36], also known as antiepileptic drugs (AEDs), are used to treat
epilepsy and various other neurological conditions [37], including neuropathic pain, bipolar disorder
[38], and mood disorders [39]. While generally safe and effective, some anticonvulsants can cause
drug-induced movement disorders (DIMDs) and several cosmetic abnormalities [40], such as
alopecia [41], as a side effect. These movement disorders can manifest in various forms, including
parkinsonism, tardive dyskinesia, dystonia, and akathisia. Anticonvulsant-induced parkinsonism is
characterized by symptoms similar to those of Parkinson's disease, including tremors, rigidity,
bradykinesia (slowness of movement), and postural instability [42]. These symptoms are believed to
be caused by the blockade of dopamine receptors in the brain. Interestingly, some auras can present
similar to movement disorders [43].

Tardive dyskinesia is a potentially irreversible DIMD characterized by involuntary, repetitive
movements, particularly of the face and tongue [44]. These movements can include grimacing, tongue
protrusion, and lip-smacking. Tardive dyskinesia is more familiar with long-term use of dopamine
receptor-blocking medications, such as certain anticonvulsants. Anticonvulsant-induced dystonia is
characterized by sustained muscle contractions that result in abnormal postures or repetitive
movements. Dystonic movements can affect any part of the body and can be painful and disabling.
Akathisia is a subjective feeling of restlessness and an urge to move. People with akathisia may pace,
fidget, or have difficulty sitting still. Akathisia is believed to be caused by alterations in dopamine
signaling in the brain [45]. Some antiseizure medications can cause cerebellar atrophy [46] and
contribute to the development of cerebellar signs and symptoms [47]. However, some new
antiseizure medications [48] have yet to be associated with movement disorders [49].

The risk of developing a DIMD with anticonvulsant use varies depending on the type of
anticonvulsant medication, the dose [50], and the duration of treatment [51]. Anticonvulsants that
affect dopamine receptors in the brain [52], such as valproate [53] and carbamazepine [54], are more
likely to cause DIMDs than other anticonvulsants [55]. Interestingly, valproate is also associated with
the dose-dependent pancytopenia [56]. Management of the DIMDs related to anticonvulsant use
involves careful monitoring for symptoms and, if detected, adjusting the dose or switching to a
different medication [57]. In some cases, discontinuation of the offending medication may be
necessary, but this must be done under the supervision of a healthcare professional to avoid
withdrawal symptoms or a worsening of the underlying condition. Overall, while anticonvulsant
medications are effective in treating epilepsy and other neurological conditions, the risk of
developing DIMDs should be carefully considered, and patients should be monitored closely for side
effects to optimize treatment outcomes [58].

3.6. Other Medications

In addition to the classes of medications mentioned previously (neuroleptics, antidepressants
[59], antiemetics, and anticonvulsants), several other medications can potentially cause drug-induced
movement disorders (DIMDs) as a side effect. Besides neuroleptics and antiemetics, other medicines
that block dopamine receptors in the brain can also cause DIMDs. These may include certain anti-
nausea medications, such as metoclopramide and prochlorperazine, and some medications used to
treat gastrointestinal disorders [60]. Some antiarrhythmic medications, such as amiodarone and
procainamide, can cause movement disorders, including tremors, dystonia, and parkinsonism. These
effects are believed to be related to the medications' effects on neurotransmitter systems in the brain
[61]. Certain calcium channel blockers, such as flunarizine [62], have been associated with movement
disorders, including parkinsonism and tardive dyskinesia. The exact mechanism by which these
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medications cause DIMDs is not well understood but may involve alterations in dopamine signaling
[63]. Also, some fluoroquinolones are associated with DIMDs [64]. In particular, ciprofloxacin [65] is
commonly associated with myoclonus, and the term “ciproclonus” was already reported in [66].

Lithium, commonly used to treat bipolar disorder, can cause a range of movement disorders,
including tremors [67], dystonia, and parkinsonism [68]. These effects are more likely to occur with
long-term use or at higher doses. Some antihistamine medications, particularly older, first-generation
antihistamines such as diphenhydramine, can cause movement disorders, including dystonia and
akathisia [69]. These effects are believed to be related to the medications' effects on dopamine
receptors in the brain [70]. Certain stimulant medications used to treat attention-deficit/hyperactivity
disorder (ADHD), such as methylphenidate [71] and amphetamine derivatives, can cause movement
disorders, including chorea and tics [72].

Management of DIMDs associated with these medications involves careful monitoring for
symptoms and, if detected, adjusting the dose or switching to a different medication. In some cases,
discontinuation of the offending medication may be necessary, but this must be done under the
supervision of a healthcare professional to avoid withdrawal symptoms or a worsening of the
underlying condition.

4. Risk Factors for Developing DIMDs

4.1. Age

Age is a significant risk factor for the development of drug-induced movement disorders
(DIMDs) [44]. Older adults are more susceptible to DIMDs due to age-related changes in
pharmacokinetics and pharmacodynamics, as well as increased vulnerability to medication side
effects [73]. Several factors contribute to this increased risk in older adults. As people age, there are
changes in how medications are absorbed, distributed, metabolized, and excreted by the body [74].
These changes can affect drug levels in the body and increase the risk of side effects, including
DIMDs.

Age-related changes in neurotransmitter systems, particularly dopamine, can affect the response
to medications that act on these systems [75]. Older adults may be more sensitive to the effects of
dopamine receptor-blocking medications, increasing the risk of DIMDs. Older adults are more likely
to take multiple medications, raising the risk of drug interactions and side effects. The use of various
medications that can cause DIMDs can further increase the risk in this population. Older adults are
more likely to have underlying health conditions that can raise the risk of DIMDs. These conditions
may affect how medications are metabolized or increase vulnerability to medication side effects.

Older adults with cognitive impairment, such as dementia, may be at higher risk of DIMDs due
to difficulties in recognizing and reporting symptoms [76]. Also, some individuals can have genetic
syndromes like Fahr’s disease [77], leading to a challenging diagnosis of dementia and movement
disorder [78]. Caregivers and healthcare providers may need to be more vigilant in monitoring for
DIMDs in this population. Frail older adults may be more susceptible to the effects of medications,
including DIMDs, due to decreased physiological reserve and increased vulnerability to side effects
[79]. Noteworthy, some anticholinesterase inhibitors commonly used in dementia are associated with
DIMDs [80].

Given the increased risk of DIMDs in older adults, healthcare providers should carefully
consider the choice of medications, monitor for side effects, and adjust doses as necessary to minimize
the risk of DIMDs in this population [81]. Close monitoring and regular review of drugs can help to
optimize outcomes and improve the quality of life for older adults.

4.2. Genetics

Genetics plays a significant role in the development of drug-induced movement disorders
(DIMDs). Genetic factors can influence an individual's susceptibility to DIMDs by affecting how
medications are metabolized, how they interact with neurotransmitter systems in the brain, and the
likelihood of developing side effects. Genetic variations in enzymes that metabolize medications,
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such as cytochrome P450 enzymes, can affect how medications are broken down in the body [82].
Differences in metabolism can lead to variations in drug levels and the risk of side effects, including
DIMDs. Genetic variations in genes that encode neurotransmitter receptors and transporters can
affect how medications interact with these systems. For example, variations in dopamine receptor
genes may influence the risk of developing DIMDs in response to drugs that block dopamine
receptors. Some individuals may have genetic predispositions that make them more susceptible to
specific side effects of medications, including DIMDs. For example, genetic variations in the HLA-
B*1502 gene have been associated with an increased risk of developing certain types of drug-induced
movement disorders, such as Stevens-Johnson syndrome and toxic epidermal necrolysis, in response
to specific medications [83]. Also, this can lead to harmful levels of medications, causing abnormal
movements [84]. Genetic factors can also influence an individual's medication response, including
the likelihood of developing DIMDs. Variations in genes that affect drug metabolism,
neurotransmitter systems [85], and other pathways involved in drug response can contribute to
differences in susceptibility to DIMDs among individuals, like in cases of glutaric aciduria type 1 [86].

While genetics play a significant role in developing DIMDs, they are only one piece of the puzzle
[87]. Environmental factors, such as medication use, medical conditions, and lifestyle factors, are
essential in determining an individual's risk of developing DIMDs. Understanding the complex
interplay between genetics and other factors can help healthcare providers better predict, prevent,
and manage DIMDs in clinical practice.

4.3. Duration of Medication Use

The duration of medication use is an essential factor in the development of drug-induced
movement disorders (DIMDs). DIMDs are more likely to occur with long-term use of certain
medications, particularly those that affect dopamine signaling in the brain. The risk of developing a
DIMD generally increases with the duration of medication use, although individual susceptibility
can vary.

TD is a DIMD that is mainly associated with long-term use of dopamine receptor-blocking
medications, such as antipsychotics and some antiemetics. The risk of developing TD increases with
the duration of treatment, especially with typical (first-generation) antipsychotics. Drug-induced
parkinsonism can occur with prolonged use of medications that block dopamine receptors in the
brain, such as certain antipsychotics. The risk of parkinsonism is generally higher with typical
antipsychotics and increases with long-term use. Antipsychotic-induced dystonia is more likely to
occur early in treatment but can also develop with long-term use. The risk of dystonia may be higher
with certain antipsychotics, particularly at higher doses. Akathisia is more common early in
treatment but can persist with long-term use of certain medications. The risk of akathisia may be
higher with drugs that affect dopamine signaling in the brain.

The exact mechanism by which long-term use of medications leads to DIMDs is not fully
understood but is believed to involve alterations in dopamine signaling and changes in the sensitivity
of dopamine receptors in the brain. Individual susceptibility to DIMDs can vary, and not everyone
who takes these medications long-term will develop a DIMD. To minimize the risk of DIMDs,
healthcare providers often prescribe the lowest effective dose of medication for the shortest duration
necessary. Regular monitoring for symptoms of DIMDs is essential, especially in patients who are
taking medications long-term. If DIMDs develop, adjustments to the medication regimen may be
necessary, including dose reduction, switching to a different medication, or discontinuation of the
offending medication.

4.4. Dose of Medication

The dose of medication is a critical factor in the development of drug-induced movement
disorders (DIMDs) [88]. DIMDs can occur when medications that affect dopamine signaling in the
brain are used at high doses. The risk of developing a DIMD generally increases with higher doses of
these medications, although individual susceptibility can vary, including during pregnancy. The
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levels of medications should be mainly assessed; in those cases, cerebrovascular disorders can present
as abnormal movements [89].

TD is associated with the use of dopamine receptor-blocking medications, such as antipsychotics
and some antiemetics [90]. The risk of developing TD is higher with higher doses of these
medications, especially with typical (first-generation) antipsychotics. Drug-induced parkinsonism
can occur with the use of drugs that block dopamine receptors in the brain, such as certain
antipsychotics. The risk of parkinsonism is generally higher with higher doses of these medications.
Antipsychotic-induced dystonia is more likely to occur at higher doses of medication. The risk of
dystonia may be dose-dependent, with higher doses of certain antipsychotics carrying a higher risk.
Akathisia is more common at the beginning of treatment but can also occur at higher doses of
medications that affect dopamine signaling. The risk of akathisia may increase with higher doses of
these medications.

Individual susceptibility to DIMDs can vary; not everyone taking these medications at higher
doses will develop a DIMD [91]. However, healthcare providers often prescribe the lowest effective
dose of drugs to minimize the risk of DIMDs. Regular monitoring for symptoms of DIMDs is
essential, especially in patients taking medicines at higher doses. If DIMDs develop, adjustments to
the medication regimen may be necessary, including dose reduction, switching to a different
medication, or discontinuation of the offending drug.

5. Symptoms of Drug-Induced Movement Disorders

5.1. Motor Symptoms

Motor symptoms are a crucial feature of drug-induced movement disorders (DIMDs). These
symptoms can vary widely depending on the specific type of DIMD and the underlying mechanism
of action of the medication involved. Tremors are rhythmic, involuntary movements affecting various
body parts, including the hands, arms, legs, and head. Tremors can be a common side effect of certain
medications, particularly those that affect dopamine signaling in the brain. Rigidity refers to stiffness
or inflexibility of the muscles. It can make movement difficult and may be accompanied by muscle
pain or discomfort. Rigidity is often seen in conditions such as parkinsonism, which certain
medications can cause. Bradykinesia refers to slowness of movement and is a hallmark feature of
Parkinsonism. It can affect tasks such as walking, writing, and other activities of daily living.
Bradykinesia can be a side effect of medications that block dopamine receptors in the brain.

Dystonia is characterized by sustained muscle contractions that result in abnormal postures or
repetitive movements [92]. Dystonia can affect any part of the body and can be painful and disabling.
It is often seen as a side effect of certain medications, particularly antipsychotics. Akathisia is a
subjective feeling of restlessness and an urge to move. People with akathisia may pace, fidget, or have
difficulty sitting still. Akathisia can be a side effect of medications that affect dopamine signaling in
the brain. Tardive dyskinesia is a potentially irreversible DIMD characterized by involuntary,
repetitive movements, particularly of the face and tongue. These movements can include grimacing,
tongue protrusion, and lip-smacking. Tardive dyskinesia is more familiar with long-term use of
dopamine receptor-blocking medications, such as certain antipsychotics.

It is essential to recognize and monitor for motor symptoms in patients taking medications that
can cause DIMDs. Early detection and management of DIMDs can help minimize the impact on
quality of life and optimize treatment outcomes. Management strategies may include adjusting the
dose or switching to a different medication, but this must be done under the supervision of a
healthcare professional.

5.2. Non-Motor Symptoms

In addition to motor symptoms, drug-induced movement disorders (DIMDs) can also cause a
range of non-motor symptoms. These non-motor symptoms can vary depending on the specific type
of DIMD and the underlying mechanism of action of the medication involved [93]. DIMDs,
particularly those that affect dopamine signaling in the brain, can sometimes cause cognitive
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impairment, including problems with memory, attention, and executive function. Some DIMDs can
exacerbate psychiatric symptoms, such as anxiety, depression, psychosis [94], or mood swings [95],
or even worsen patients with previous movement disorders [96]. DIMDs can disrupt standard sleep
patterns, leading to insomnia or excessive daytime sleepiness. DIMDs can affect the autonomic
nervous system, leading to symptoms such as changes in blood pressure, heart rate, and sweating
[97]. Some DIMDs can cause gastrointestinal symptoms, such as nausea, vomiting, or constipation.
DIMDs can sometimes lead to sexual dysfunction, including decreased libido, erectile dysfunction,
or difficulty achieving orgasm. Some medications that can cause DIMDs are also associated with
weight gain, which can have a range of health implications.

It is essential to recognize and monitor for non-motor symptoms in patients taking medications
that can cause DIMDs [10]. Early detection and management of these symptoms can help minimize
the impact on quality of life and optimize treatment outcomes. Management strategies may include
adjusting the dose or switching to a different medication, but this must be done under the supervision
of a healthcare professional.

5.3. Impact on Quality of Life

Drug-induced movement disorders (DIMDs) can have a significant impact on quality of life due
to their physical, emotional, and social effects. The severity of the impact can vary depending on the
type of DIMD, the underlying cause, and individual factors. DIMDs can cause a range of physical
symptoms, including tremors, rigidity, dystonia, and other involuntary movements. These
symptoms can be painful uncomfortable, and interfere with daily activities such as walking, eating,
and writing. DIMDs can affect motor function, coordination, and balance, leading to difficulties in
performing tasks requiring fine motor skills and coordination. This can impact a person's ability to
work, drive, and engage in leisure activities. DIMDs can be emotionally distressing, causing feelings
of embarrassment, frustration, and self-consciousness [98]. These feelings can lead to social
withdrawal and isolation. DIMDs can affect social interactions and relationships, as people may feel
self-conscious about their movements and may avoid social situations. This can lead to feelings of
loneliness and isolation. DIMDs can contribute to or exacerbate mental health conditions such as
anxiety and depression [99]. The emotional and physical toll of living with a DIMD can take a
significant toll on mental well-being. DIMDs can negatively impact self-esteem and self-image,
mainly if the movements are visible and challenging to control. This can lead to feelings of
inadequacy and low self-worth. DIMDs can make it difficult to perform everyday tasks such as
dressing, grooming, and eating. This can lead to increased dependence on others and a loss of
independence.

Management of DIMDs typically involves a multidisciplinary approach, including medication
management, physical therapy, occupational therapy, and psychological support [100]. Treatment
aims to reduce symptoms, improve function, and enhance quality of life. Healthcare providers must
work closely with individuals affected by DIMDs to develop a treatment plan that addresses their
needs and goals.

6. Diagnosis of Drug-Induced Movement Disorders

6.1. Clinical Evaluation

Clinical evaluation of drug-induced movement disorders (DIMDs) involves a comprehensive
assessment to determine the presence, type, and severity of movement abnormalities. This evaluation
is essential for accurate diagnosis and appropriate management. A thorough medical history is
obtained to identify any underlying medical conditions, previous medication use, family history of
movement disorders, and other relevant factors that may contribute to the development of DIMDs.
A comprehensive physical examination assesses movement abnormalities, muscle tone,
coordination, and other neurological signs that may indicate a DIMD. As many medications that can
cause DIMDs are used to treat psychiatric disorders, a psychiatric evaluation is often conducted to
assess for symptoms of psychiatric illness and to evaluate the impact of DIMDs on mental health. A
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review of current and past medication use is performed to identify any medications that may be
contributing to the development of DIMDs. This includes both prescription and over-the-counter
drugs, as well as herbal supplements. Laboratory tests may be ordered to rule out other medical
conditions that mimic or contribute to developing DIMDs, such as thyroid dysfunction or vitamin
deficiencies [101].

In some cases, neuroimaging studies such as magnetic resonance imaging (MRI) or computed
tomography (CT) scans may be performed to rule out structural abnormalities in the brain that may
be causing or contributing to the development of DIMDs [102]. Various rating scales may be used to
assess the severity of DIMDs and monitor changes over time. These scales can help guide treatment
decisions and evaluate the effectiveness of interventions. Regular follow-up visits are essential to
monitor for changes in symptoms, adjust medication regimens as needed, and provide ongoing
support and education to individuals with DIMDs. Overall, a thorough clinical evaluation is essential
for the accurate diagnosis and management of DIMDs [103]. This evaluation should be conducted by
healthcare providers with expertise in movement disorders, such as neurologists or psychiatrists, and
should consider the individual's unique clinical presentation and needs.

6.2. Differential Diagnosis

The differential diagnosis of drug-induced movement disorders (DIMDs) involves
distinguishing them from other movement disorders and conditions that can cause similar
symptoms. This process requires a thorough clinical evaluation, including a detailed medical history,
physical examination, and, in some cases, additional tests like basic metabolic panel and TSH. There
are some case reports of hypothyroidism associated with catatonia [104] that can be difficult to
differentiate from the partial description of parkinsonism [105]. Other reports of limb shaking can be
easily confounded with some primary movement disorders [106].

Parkinson's disease is a neurodegenerative disorder characterized by tremors, rigidity,
bradykinesia, and postural instability [107]. It is essential to differentiate drug-induced parkinsonism
from Parkinson's disease, as the management and prognosis differ [108]. Essential tremor is a
common movement disorder characterized by involuntary trembling or shaking, typically in the
hands. It is crucial to differentiate essential tremors from tremors caused by medications, such as
beta-blockers or stimulants. Dystonia is a movement disorder characterized by sustained or repetitive
muscle contractions that result in abnormal postures or movements [109]. It can be primary
(idiopathic) or secondary to medications, such as antipsychotics [110]. Huntington's disease is a
genetic neurodegenerative disorder characterized by involuntary movements (chorea), cognitive
decline, and psychiatric symptoms [111]. It is essential to differentiate drug-induced chorea from
Huntington's disease, as the management and prognosis differ. Wilson's disease is a rare genetic
disorder characterized by copper accumulation in the body, leading to neurological and psychiatric
symptoms. It can present with movement disorders such as tremors, dystonia, and chorea. Certain
metabolic disorders, such as hyperthyroidism and hypocalcemia, can cause movement disorders that
may mimic DIMDs. These conditions can be identified through laboratory testing. Some psychiatric
disorders, such as schizophrenia and bipolar disorder, can present with movement abnormalities that
may be mistaken for DIMDs. A careful psychiatric evaluation is essential to differentiate these
conditions. Some medications can cause movement abnormalities that are not classified as DIMDs,
such as serotonin syndrome, which can occur with certain antidepressants and other drugs [112].
Another possible differential diagnosis is electrolyte abnormalities [113], such as hypokalemic
paralysis [114] or copper deficiency [115]. However, one should always consider stroke [116], for
which imaging can help differentiate between peripheral and central causes.

The differential diagnosis of DIMDs requires a systematic approach and careful consideration
of the clinical presentation, medical history, and response to treatment [103]. Collaboration between
healthcare providers with expertise in movement disorders, such as neurologists or psychiatrists, is
often necessary to arrive at an accurate diagnosis and develop an appropriate treatment plan.
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6.3. Imaging Studies

Imaging studies are sometimes used in the evaluation of drug-induced movement disorders
(DIMDs) to help assess the underlying brain changes and rule out other potential causes of movement
abnormalities. While imaging studies are not typically required for all cases of DIMDs, they can be
helpful in certain situations, such as when the diagnosis is unclear or when there is concern for an
alternative explanation for the symptoms.

MRI uses magnetic fields and radio waves to create detailed brain images. MRI can help identify
structural abnormalities in the brain that may contribute to the movement disorder, such as tumors,
strokes, or other lesions [117]. CT scans use X-rays to create cross-sectional images of the brain. CT
scans are less detailed than MRI but can help identify specific structural abnormalities, such as
hemorrhages or hydrocephalus, especially when other drugs that are associated with pseudotumor
cerebri are involved [118]. PET scans can be used to assess brain function by measuring metabolic
activity. PET scans can help differentiate between different types of movement disorders and may be
used to evaluate the effects of medications on brain function. SPECT scans can also assess brain
function by measuring blood flow [119]. SPECT scans can help identify areas of the brain affected by
the movement disorder and may be used to guide treatment decisions, especially in individuals with
dementia [120]. DaTscan is a SPECT scan that looks explicitly at dopamine transporter levels in the
brain[121]. DaTscan can help differentiate between Parkinson's disease and other causes of
parkinsonism, including drug-induced parkinsonism. In some cases, using 1123-cardiac MIBG can
help distinguish between secondary and primary parkinsonism [122].

Imaging studies are only sometimes necessary to evaluate DIMDs, as the diagnosis is often based
on clinical findings and medication history. However, in some instances, imaging studies can provide
valuable information that can help guide treatment decisions and improve outcomes for individuals
with DIMDs.

7. Treatment of Drug-Induced Movement Disorders

7.1. Withdrawal of Offending Medication

Withdrawal of the offending medication is often the first step in the management of drug-
induced movement disorders (DIMDs), especially when the symptoms are mild to moderate and
reversible [123]. The process of withdrawing the medication should be done gradually and under the
supervision of a healthcare professional to minimize the risk of withdrawal symptoms and to ensure
the underlying condition is managed appropriately.

When withdrawing the medication, healthcare providers may consider some key points. The
drug is gradually tapered off over some time to minimize the risk of withdrawal symptoms and to
allow the body to adjust to the change. During the tapering process, the individual is closely
monitored for any changes in symptoms and for the development of withdrawal symptoms.
Depending on the type and severity of the DIMD, symptomatic treatment may be initiated to help
manage symptoms during the withdrawal process. This may include medications to help control
tremors, muscle stiffness, or other symptoms. After the drug has been withdrawn, the individual is
reevaluated to assess for any residual symptoms and to determine if further treatment is necessary.

In some cases, withdrawal of the offending medication may lead to improvement or resolution
of the DIMD. However, in other cases, symptoms may persist or worsen despite discontinuation of
the drug. Additional treatments may be necessary, such as switching to a different medication or
initiating symptomatic treatment to help manage symptoms.

It is essential for healthcare providers to carefully consider the risks and benefits of withdrawing
the medication and to tailor the management approach to the individual's specific needs and
circumstances. Close monitoring and regular follow-up are essential to ensure the best possible
outcomes for individuals with DIMDs.
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7.2. Pharmacological Treatments

Pharmacological treatments for drug-induced movement disorders (DIMDs) aim to manage
symptoms and improve quality of life. Treatment choice depends on the type and severity of the
DIMD and the underlying cause.

Anticholinergic medications, such as benztropine or trihexyphenidyl, are often used to treat
drug-induced parkinsonism and dystonia. These medications can help reduce muscle stiffness and
tremors by blocking the action of acetylcholine in the brain. Dopamine agonist medications, such as
pramipexole or ropinirole, may be used to treat drug-induced parkinsonism or restless legs
syndrome. These medications work by mimicking the effects of dopamine in the brain, which can
help improve motor symptoms. Benzodiazepines, such as clonazepam or diazepam, may be used to
treat drug-induced dystonia or akathisia. These medications can help reduce muscle spasms and
anxiety associated with these conditions. Beta-blockers, such as propranolol, may be used to treat
drug-induced tremors. These medications work by blocking the action of adrenaline, which can help
reduce tremors. Clozapine is an atypical antipsychotic medication that may be used to treat drug-
induced tardive dyskinesia [124]. Clozapine is effective in decreasing the symptoms of tardive
dyskinesia in some individuals. Amantadine is an antiviral medication that has also been used to
treat drug-induced Parkinsonism but has also been associated with myoclonus [125]. It increases
dopamine release in the brain and may help improve motor symptoms. In some cases of drug-
induced dystonia [126], botulinum toxin injections may help relax muscles and reduce abnormal
postures or movements, especially in oromandibular dystonia [127].

It is important to note that pharmacological treatments for DIMDs should be carefully
considered and monitored by a healthcare professional [128]. The choice of medication, dose, and
duration of therapy should be tailored to the individual's specific needs and circumstances. Close
monitoring and regular follow-up are essential to ensure the best possible outcomes for individuals
with DIMDs.

7.3. Non-Pharmacological Treatments

Non-pharmacological treatments for drug-induced movement disorders (DIMDs) focus on
symptom management, improving quality of life, and maximizing function. These treatments can be
used alone or in combination with pharmacological interventions.

Physical therapy can help improve muscle strength, flexibility, and coordination, benefiting
individuals with DIMDs [129]. Specific exercises and techniques can be tailored to address the
individual's unique needs and symptoms. Occupational therapy can help individuals with DIMDs
improve their ability to perform activities of daily living, such as dressing, grooming, and eating.
Occupational therapists can provide strategies and adaptations to help individuals overcome
movement difficulties and improve independence. Speech therapy can benefit individuals with
DIMDs that affect speech and swallowing. Speech therapists can provide exercises and techniques to
enhance speech clarity and swallowing function. Assistive devices, such as braces, splints, or walking
aids, can help individuals with DIMDs improve mobility and function. These devices can provide
support and stability, making it easier to perform daily activities. Botulinum toxin injections can treat
focal dystonias and other movement disorders affecting specific muscle groups [130]. The toxin
works by blocking the release of acetylcholine, which can help reduce muscle spasms and improve
function. DBS is a surgical treatment involving implanting brain electrodes to deliver electrical
impulses. DBS can be effective in treating certain types of DIMDs, such as Parkinson's disease or
tremors. Counseling and support groups can be valuable for individuals with DIMDs and their
families [131]. These resources can provide emotional support, education, and coping strategies for
living with a DIMD.

Individuals with DIMDs need to work closely with a healthcare team that includes specialists in
movement disorders, such as neurologists, physical therapists, and occupational therapists, to
develop a comprehensive treatment plan that addresses their specific needs and goals.
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8. Prevention of Drug-Induced Movement Disorders

8.1. Monitoring for Early Signs

Monitoring for early signs of drug-induced movement disorders (DIMDs) is crucial for early
detection and intervention. Since DIMDs can vary widely in presentation and severity depending on
the type of medication and individual factors, close monitoring is essential.

Healthcare providers should regularly assess movement and neurological function in
individuals taking medications that cause DIMDs. These assessments can help detect early signs of
DIMDs before they become more severe. Patients should be encouraged to report any changes in
movement or symptoms to their healthcare provider. Educating patients about the signs and
symptoms of DIMDs can help them recognize potential issues early on. Healthcare providers may
use objective rating scales, such as the Abnormal Involuntary Movement Scale (AIMS) for tardive
dyskinesia or the Barnes Akathisia Rating Scale for Akathisia, to assess for DIMDs and monitor
changes over time. Since DIMDs can affect multiple aspects of health and well-being, collaboration
with other healthcare providers, such as psychiatrists, physical therapists, and occupational
therapists, can help ensure comprehensive monitoring and management. Regular review of
medication regimens can help identify any potential culprits for DIMDs. Healthcare providers should
assess the necessity and appropriateness of each medication and consider alternatives if necessary.
Educating healthcare providers, patients, and caregivers about the risk factors, signs, and symptoms
of DIMDs can help improve early detection and intervention.

By implementing these monitoring strategies, healthcare providers can improve the early
detection of DIMDs and initiate appropriate interventions to minimize their impact on patient's
quality of life.

8.2. Dose Optimization

Dose optimization is a critical aspect of managing drug-induced movement disorders (DIMDs),
as it can help minimize symptoms while maintaining the therapeutic effects of the medication. The
goal of dose optimization is to find the lowest effective dose of drugs that provides symptom relief
with the fewest side effects.

When initiating a medication that can cause DIMDs, it is often recommended to start with a low
dose and gradually increase the dose as needed while monitoring for side effects. Close monitoring
of symptoms is essential during dose optimization to assess the effectiveness of the medication and
identify any emerging side effects or movement abnormalities. Dose optimization should be tailored
to the individual's specific needs and response to the medication. Age, weight, comorbidities, and
other medications should be considered when determining the optimal dose. Individuals with certain
risk factors, such as older age, previous history of movement disorders, or use of high-risk
medications, may require more careful dose optimization to minimize the risk of DIMDs. Dose
optimization should be a collaborative effort between the individual and their healthcare provider.
Open communication and regular follow-up are crucial to achieving the optimal dose. When
adjusting the dose of a medication, it is important to titrate the dose gradually to minimize the risk
of withdrawal symptoms or rebound effects.

Similarly, when discontinuing a medication, tapering the dose slowly can help reduce the risk
of withdrawal symptoms. If dose optimization does not adequately control symptoms or intolerable
side effects, alternative treatments should be considered. This may include switching to a different
medication, adding a second medication, or exploring non-pharmacological therapies.

Overall, dose optimization is essential to managing DIMDs and should be approached carefully,
considering the individual's unique circumstances and needs. Close monitoring and regular follow-
up are necessary to ensure the optimal dose while minimizing the risk of side effects.
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9. Prognosis and Complications of Drug-Induced Movement Disorders

9.1. Long-Term Effects

The long-term effects of drug-induced movement disorders (DIMDs) can vary depending on the
type of DIMD, the underlying cause, and individual factors. TD is a potentially irreversible DIMD
characterized by involuntary, repetitive movements, particularly of the face and tongue. In some
cases, TD may persist even after discontinuing the offending medication. Long-term effects of TD can
include social embarrassment, functional impairment, and reduced quality of life. Drug-induced
parkinsonism can occur with certain drugs and is characterized by symptoms similar to Parkinson's
disease, such as tremors, rigidity, bradykinesia, and postural instability.

In some cases, drug-induced parkinsonism may resolve after discontinuation of the offending
medication, but in other cases, it may persist and require long-term management. Drug-induced
dystonia is characterized by sustained or repetitive muscle contractions that result in abnormal
postures or movements. The long-term effects of dystonia can include pain, functional impairment,
and psychosocial difficulties. Akathisia is characterized by a subjective feeling of restlessness and an
urge to move. Long-term effects of akathisia can include anxiety, agitation, and sleep disturbances.
Some medications that can cause DIMDs may also affect cognitive function over the long term.
Mental effects can include memory problems, attention deficits, and executive dysfunction. DIMDs
can have psychiatric effects, including anxiety, depression, and other mood disorders. These effects
can impact quality of life and may require long-term management. DIMDs can significantly affect
quality of life, including physical, emotional, and social aspects. Long-term management may be
necessary to address these effects and improve quality of life.

Individuals with DIMDs need to work closely with their healthcare providers to manage their
symptoms and monitor for any potential long-term effects. Regular follow-up and adjustments to
treatment, as required, can help minimize the impact of DIMDs and improve overall quality of life.

9.2. Complications of Severe Cases

Severe cases of drug-induced movement disorders (DIMDs) can lead to several complications,
which can significantly impact an individual's quality of life and functional abilities. Severe DIMDs,
such as drug-induced parkinsonism or dystonia, can cause significant impairment in mobility,
coordination, and fine motor skills. This can make it challenging to perform activities of daily living
and may require assistance or accommodations.

Severe DIMDs can cause pain and discomfort due to muscle stiffness, spasms, or abnormal
postures. This can affect physical comfort and overall well-being. DIMDs can have a profound
psychosocial impact, causing embarrassment, social isolation, and difficulties in interpersonal
relationships. This can lead to feelings of depression, anxiety, and low self-esteem. Some medications
that can cause DIMDs may also affect cognitive function, leading to memory problems, attention
deficits, and other cognitive impairments. This can further impact an individual's ability to function
independently. The medications used to treat severe DIMDs may themselves cause side effects and
complications, mainly if used long-term or at high doses. These complications can include metabolic
changes, cardiovascular effects, and neurological symptoms. Severe DIMDs can increase the risk of
falls and injuries due to impaired balance, coordination, and muscle control. This can further reduce
mobility and independence. Overall, severe DIMDs can have a profound impact on quality of life,
affecting physical health, emotional well-being, and social functioning. Effective management and
treatment are essential to minimize complications and improve outcomes for individuals with severe
DIMDs.

Individuals with severe DIMDs need to receive comprehensive care from a multidisciplinary
team, including neurologists, psychiatrists, physical therapists, and occupational therapists.
Treatment should be tailored to the individual's needs and may include a combination of
medications, therapy, and other interventions to manage symptoms and improve quality of life.
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9.3. Impact on Mental Health

Movement disorders are the most minor group in the burden of neurological disorders in India
and the global [132]. However, they still correspond to 0.06 to 1.8% of the neurological burden for
most countries [133]. Drug-induced movement disorders (DIMDs) can have a significant impact on
mental health due to their physical symptoms, psychosocial implications, and effects on overall well-
being. The impact on mental health can vary depending on the type and severity of the DIMD, as
well as individual factors.

The physical symptoms of DIMDs, such as tremors, muscle stiffness, and involuntary
movements, can be distressing and may lead to feelings of anxiety and apprehension. DIMDs can
contribute to or exacerbate feelings of depression, mainly if the symptoms are severe or if they
significantly impact daily functioning and quality of life. The physical symptoms of DIMDs, such as
abnormal movements or postures, can be socially stigmatizing and may lead to social withdrawal
and isolation. DIMDs can impact self-esteem and self-image, mainly if the symptoms are visible and
challenging to control. This can lead to feelings of inadequacy and low self-worth. The physical and
psychosocial effects of DIMDs can significantly impair quality of life, affecting relationships, work,
and overall well-being. Managing the symptoms of DIMDs, along with the challenges of daily life,
can be stressful and may contribute to feelings of stress and overwhelm [134]. DIMDs can impact
daily functioning, making it difficult to perform tasks that require fine motor skills, coordination, and
balance. This can lead to frustration and feelings of helplessness.

Individuals with DIMDs need to receive comprehensive care that addresses both the physical
and mental health aspects of the condition. This may include medication management, therapy, and
support services to help manage symptoms and improve quality of life. Open communication with
healthcare providers and a strong support network can also be beneficial in addressing the mental
health impact of DIMDs.

10. Conclusion

In conclusion, drug-induced movement disorders (DIMDs) are a group of iatrogenic conditions
that can have a significant impact on individuals' quality of life and mental health. These disorders
can result from the use of various medications, including antipsychotics, antidepressants, and
antiemetics, among others. DIMDs can manifest as a range of motor and non-motor symptoms,
including tremors, rigidity, dystonia, and akathisia, which can vary in severity and duration.
Management of DIMDs involves a multidisciplinary approach, including medication management,
physical therapy, occupational therapy, and psychological support. Treatment goals are to minimize
symptoms, improve function, and enhance quality of life. Dose optimization, withdrawal of the
offending medication, and consideration of alternative treatments are essential strategies in
managing DIMDs. Close monitoring for early signs and complications is crucial for timely
intervention and optimal outcomes. DIMDs can also have a significant impact on mental health,
leading to anxiety, depression, social withdrawal, and decreased self-esteem. It is essential for
healthcare providers to consider the mental health implications of DIMDs and to provide
comprehensive care that addresses both the physical and psychological aspects of the condition.
Managing DIMDs requires a personalized approach considering the individual's unique symptomes,
medical history, and care goals. By working closely with healthcare providers and receiving
appropriate treatment, individuals with DIMDs can improve their symptoms, enhance their quality
of life, and better cope with the challenges of living with these disorders.

Author Contributions: Conceptualization, methodology, software, validation, formal analysis, investigation,
resources, data curation, writing—original draft preparation, writing—review and editing, visualization,
supervision, project administration, funding acquisition performed E.R.S. All authors have read and agreed to
the published version of the manuscript.

Funding;: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 i:10. reprints202402.1258.v1

19

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Pitton Rissardo, J.; Fornari Caprara, A.L. A Literature Review of Movement Disorder Associated with
Medications and Systemic Diseases. Preprints 2024, 2024020070.
https://doi.org/10.20944/preprints202402.0070.v1.

2. Zhu, B,; Kohn, R; Patel, A.; Koo, B.B.; Louis, E.D.; de Figueiredo, ]. M. Demoralization and Quality of Life
of  Patients  with  Parkinson  Disease.  Psychother = Psychosom 2021, 90,  415-421.
https://doi.org/10.1159/000514270.

3. Bukhari, S.N.A. Consequences of Antipsychotic Medications on Mental Health. Curr Drug Saf 2022, 17, 285-
293. https://doi.org/10.2174/1574886317666220216101106.

4.  Rissardo, ].P.; Caprara, A.L.F. The Effect of “Liquid Gold” Levodopa—Carbidopa Ascorbic Acid Solution in
Patients with Parkinson’s Disease. Annals of Movement Disorders 2023, 6, 111-113.
https://doi.org/10.4103/aomd.aomd_42_22.

5. Grotemeyer, A.; McFleder, R.L.; Wu, J.; Wischhusen, J.; Ip, C.W. Neuroinflammation in Parkinson’s Disease
- Putative Pathomechanisms and Targets for Disease-Modification. Front Immunol 2022, 13, 878771.
https://doi.org/10.3389/fimmu.2022.878771.

6. Rissardo, ].P.; Fornari Caprara, A.L. Role of Inflammation in Neurological Diseases. Santosh University
Journal of Health Sciences 2023, 9, 140-141. https://doi.org/10.4103/sujhs.sujhs_13_23.

7.  Ray, S, Pal, P.K,; Yadav, R. Non-Motor Symptoms in Cervical Dystonia: A Review. Ann Indian Acad Neurol
2020, 23, 449-457. https://doi.org/10.4103/aian. ATAN_27_20.

8.  Kalf, J.G;; Munneke, M.; Bloem, B.R. Non-Pharmacological Treatment for Atypical Parkinsonism. Handbook
of Atypical Parkinsonism 2011, 142.

9. Rissardo, J.P,; Vora, N.; Mathew, B.; Kashyap, V.; Muhammad, S.; Fornari Caprara, A.L. Overview of
Movement Disorders Secondary to Drugs. Clinics and  Practice 2023, 13, 959-976.
https://doi.org/10.3390/clinpract13040087.

10. Caroff, S.N,; Jain, R.; Morley, J.F. Revisiting Amantadine as a Treatment for Drug-Induced Movement
Disorders. Ann Clin Psychiatry 2020, 32, 198-208.

11. Ward, K.M.; Citrome, L. Antipsychotic-Related Movement Disorders: Drug-Induced Parkinsonism vs.
Tardive Dyskinesia-Key Differences in Pathophysiology and Clinical Management. Neurol Ther 2018, 7,
233-248. https://doi.org/10.1007/s40120-018-0105-0.

12. Hartmann, A.; Pogarell, O.; Oertel, W.H. Secondary Dystonias. | Neurol 1998, 245, 511-518.
https://doi.org/10.1007/s004150050235.

13. Rissardo, J.P.; Caprara, A.L.F. Mirtazapine-Associated Movement Disorders: A Literature Review. Tzu Chi
Med. |. 2020, 32, 318-330. https://doi.org/10.4103/tcmj.tcmj_13_20.

14. Shanker, V.; Bressman, S.B. Diagnosis and Management of Dystonia. Continuum (Minneap Minn) 2016, 22,
1227-1245. https://doi.org/10.1212/CON.0000000000000352.

15.  Frucht, L.; Perez, D.L.; Callahan, J.; MacLean, ].; Song, P.C.; Sharma, N.; Stephen, C.D. Functional Dystonia:
Differentiation From Primary Dystonia and Multidisciplinary Treatments. Front Neurol 2020, 11, 605262.
https://doi.org/10.3389/fneur.2020.605262.

16. Rissardo, J.P.; Konduru, S.N.; Gadamidi, V.K.; Caprara, A.L.F. Baclofen and Catatonia: A Case Report. Pan
Afr Med ] 2022, 43, 198. https://doi.org/10.11604/pam].2022.43.198.38403.

17.  Hernandez-Martin, E.; Vidmark, ].5.L.; MacLean, J.A.; Sanger, T.D. What Is the Effect of Benzodiazepines
on Deep Brain Activity? A Study in Pediatric Patients with Dystonia. Front Neurol 2023, 14, 1215572.
https://doi.org/10.3389/fneur.2023.1215572.

18. Camargo, C.H.F.; Teive, H.A.G. Use of Botulinum Toxin for Movement Disorders. Drugs Context 2019, 8,
212586. https://doi.org/10.7573/dic.212586.

19. Rissardo, J.P.; Vora, N.M.; Tariq, I.; Mujtaba, A.; Caprara, A.L.F. Deep Brain Stimulation for the
Management of Refractory Neurological Disorders: A Comprehensive Review. Medicina (Kaunas) 2023, 59,
1991. https://doi.org/10.3390/medicina59111991.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 i:10. reprints202402.1258.v1

20

20. Morgan, A.; Eccles, F.J.R.; Greasley, P. Experiences of Living with Dystonia. Disabil Rehabil 2021, 43, 944—
952. https://doi.org/10.1080/09638288.2019.1645217.

21. Stahl, SM.; Lonnen, A.J.M. The Mechanism of Drug-Induced Akathsia. CNS Spectr 2011, Stahl.

22. Pitton Rissardo, J.; Fornari Caprara, A.L. Bupropion-Associated Movement Disorders: A Systematic
Review. Annals of Movement Disorders 2020, 3, 86-98. https://doi.org/10.4103/AOMD.AOMD_35_19.

23.  Musco, S.; McAllister, V.; Caudle, I. Dopamine-Receptor Blocking Agent-Associated Akathisia: A Summary
of Current Understanding and Proposal for a Rational Approach to Treatment. Ther Adv Psychopharmacol
2020, 10, 2045125320937575. https://doi.org/10.1177/2045125320937575.

24. Perju-Dumbrava, L.; Kempster, P. Movement Disorders in Psychiatric Patients. BM] Neurol Open 2020, 2,
€000057. https://doi.org/10.1136/bmjno-2020-000057.

25. Pitton Rissardo, J.; Fornari Caprara, A.L. Movement Disorders Associated with Hypoglycemia and
Hyperglycemia. Annals of Movement Disorders 2020, 3, 118-120.
https://doi.org/10.4103/AOMD.AOMD_18_20.

26. Zareba, W.; Lin, D.A. Antipsychotic Drugs and QT Interval Prolongation. Psychiatr Q 2003, 74, 291-306.
https://doi.org/10.1023/a:1024122706337.

27. Bayes, A; Parker, G. How to Choose an Antidepressant Medication. Acta Psychiatr Scand 2019, 139, 280—
291. https://doi.org/10.1111/acps.13001.

28. Rissardo, J.P.; Medeiros Araujo de Matos, U.; Fornari Caprara, A.L. Gabapentin-Associated Movement
Disorders: A Literature Review. Medicines (Basel) 2023, 10, 52. https://doi.org/10.3390/medicines10090052.

29. Zadori, D.; Veres, G.; Szalardy, L.; Klivényi, P.; Vécsei, L. Drug-Induced Movement Disorders. Expert Opin
Drug Saf 2015, 14, 877-890. https://doi.org/10.1517/14740338.2015.1032244.

30. Leo, R.J. Movement Disorders Associated with the Serotonin Selective Reuptake Inhibitors. ] Clin Psychiatry
1996, 57, 449-454. https://doi.org/10.4088/jcp.v57n1002.

31. Rissardo, J.P.; Caprara, A.L.F. The Link Between Amitriptyline and Movement Disorders: Clinical Profile
and Outcome. Ann. Acad. Med. Singap. 2020, 49, 236-251.

32. Valenzuela, C.F.; Puglia, M.P.; Zucca, S. Focus on: Neurotransmitter Systems. Alcohol Res Health 2011, 34,
106-120.

33. Nestoriuc, Y.; Pan, Y.; Kinitz, T.; Weik, E.; Shedden-Mora, M.C. Informing About the Nocebo Effect Affects
Patients” Need for Information About Antidepressants-An Experimental Online Study. Front Psychiatry
2021, 12, 587122. https://doi.org/10.3389/fpsyt.2021.587122.

34. Rissardo, J.P.; Caprara, A.L.F. Cervical and Axial Dystonia Secondary to Mirtazapine: A Case Report and
Literature Review. Annals of Movement Disorders 2020, 3, 47-50.
https://doi.org/10.4103/AOMD.AOMD_30_19.

35. Strawn, J.R.; Mills, J.A.; Poweleit, E.A.; Ramsey, L.B.; Croarkin, P.E. Adverse Effects of Antidepressant
Medications and Their Management in Children and Adolescents. Pharmacotherapy 2023, 43, 675-690.
https://doi.org/10.1002/phar.2767.

36. Masdrakis, V.G.; Baldwin, D.S. Anticonvulsant and Antipsychotic Medications in the Pharmacotherapy of
Panic Disorder: A Structured Review. Ther Adv Psychopharmacol 2021, 11, 20451253211002320.
https://doi.org/10.1177/20451253211002320.

37. Caprara, A.LF; Rissardo, ].P.; Leite, M.T.B.; Silveira, ]J.O.F.; Jauris, P.G.M.; Arend, J.; Kegler, A.; Royes,
L.E.F.; Fighera, M.R. Course and Prognosis of Adult-Onset Epilepsy in Brazil: A Cohort Study. Epilepsy
Behav 2020, 105, 106969. https://doi.org/10.1016/j.yebeh.2020.106969.

38. Sajatovic, M.; Valenstein, M.; Blow, F.; Ganoczy, D.; Ignacio, R. Treatment Adherence with Lithium and
Anticonvulsant Medications among Patients with Bipolar Disorder. Psychiatr Serv 2007, 58, 855-863.
https://doi.org/10.1176/ps.2007.58.6.855.

39. Rissardo, J.P.; Fornari Caprara, A.L. Lamotrigine-Associated Movement Disorder: A Literature Review.
Neurol India 2021, 69, 1524-1538. https://doi.org/10.4103/0028-3886.333440.

40. Factor, S.A.; Burkhard, P.R.; Caroff, S.; Friedman, J.H.; Marras, C.; Tinazzi, M.; Comella, C.L. Recent
Developments in Drug-Induced Movement Disorders: A Mixed Picture. Lancet Neurol 2019, 18, 880-890.
https://doi.org/10.1016/51474-4422(19)30152-8.

41. Pitton Rissardo, J.; Fornari Caprara, A.L.; Casares, M.; Skinner, H.].; Hamid, U. Antiseizure Medication-
Induced Alopecia: A Literature Review. Medicines (Basel) 2023, 10, 35.
https://doi.org/10.3390/medicines10060035.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 i:10. reprints202402.1258.v1

21

42.  Jankovic, J. Drug-Induced and Other Orofacial-Cervical Dyskinesias. Ann Intern Med 1981, 94, 788-793.
https://doi.org/10.7326/0003-4819-94-6-788.

43. Caprara, A.L.F,; Tharwat Ali, H.; Elrefaey, A.; Elejla, S.A.; Rissardo, ].P. Somatosensory Auras in Epilepsy:
A Narrative Review of the Literature. Medicines (Basel) 2023, 10, 49.
https://doi.org/10.3390/medicines10080049.

44. Detweiler, M.B.; Kalafat, N.; Kim, K.Y. Drug-Induced Movement Disorders in Older Adults: An Overview
for Clinical Practitioners. Consult Pharm 2007, 22, 149-165. https://doi.org/10.4140/tcp.n.2007.149.

45. Rissardo, J.P.; Caprara, A.L.F. Phenytoin-Associated Movement Disorder: A Literature Review. Tzu Chi
Med. ]. 2022, 34, 409-417. https://doi.org/10.4103/tcmj.tcmj_74_22.

46. Kaindl, A.M.; Asimiadou, S.; Manthey, D.; Hagen, M.V.D.; Turski, L.; Ikonomidou, C. Antiepileptic Drugs
and the Developing Brain. Cell Mol Life Sci 2006, 63, 399-413. https://doi.org/10.1007/s00018-005-5348-0.

47. Rissardo, ].P.; Caprara, A.L,; Silveira, J.O. Cerebellar Atrophy with Long-Term Phenytoin (PHT) Use: Case
Report. Rom ] Neurol 2017, 16, 123-125. https://doi.org/10.37897/RJN.2017.3.8.

48. Rohracher, A.; Kalss, G.; Kuchukhidze, G.; Neuray, C.; Leitinger, M.; Hofler, J.; Kreidenhuber, R.; Rossini,
F.; Volna, K.; Mauritz, M.; et al. New Anti-Seizure Medication for Elderly Epilepsy Patients - a Critical
Narrative Review. Expert Opin Pharmacother 2021, 22, 621-634.
https://doi.org/10.1080/14656566.2020.1843636.

49. Rissardo, ].P.; Fornari Caprara, A.L. Cenobamate (YKP3089) and Drug-Resistant Epilepsy: A Review of the
Literature. Medicina (Kaunas) 2023, 59, 1389. https://doi.org/10.3390/medicina59081389.

50. Hanaya, R.; Arita, K. The New Antiepileptic Drugs: Their Neuropharmacology and Clinical Indications.
Neurol Med Chir (Tokyo) 2016, 56, 205-220. https://doi.org/10.2176/nmc.ra.2015-0344.

51. Rissardo, J.P.; Caprara, A.L.F. Topiramate-Associated Movement Disorder: Case Series and Literature
Review. Clin. Neuropharmacol. 2020, 43, 116-120. https://doi.org/10.1097/WNF.0000000000000395.

52. Loscher, W.; Czuczwar, S.J. Studies on the Involvement of Dopamine D-1 and D-2 Receptors in the
Anticonvulsant Effect of Dopamine Agonists in Various Rodent Models of Epilepsy. Eur ] Pharmacol 1986,
128, 55-65. https://doi.org/10.1016/0014-2999(86)90557-1.

53. Rissardo, J.P.; Caprara, A.L.F.; Durante, L. Valproate-Associated Movement Disorder: A Literature Review.
Prague Med. Rep. 2021, 122, 140-180. https://doi.org/10.14712/23362936.2021.14.

54. Rissardo, ]J.P.; Caprara, A.L.F. Carbamazepine-, Oxcarbazepine-, Eslicarbazepine-Associated Movement
Disorder: A Literature Review. Clin Neuropharmacol 2020, 43, 66-80.
https://doi.org/10.1097/WNF.0000000000000387.

55. Chouksey, A.; Pandey, S. Clinical Spectrum of Drug-Induced Movement Disorders: A Study of 97 Patients.
Tremor Other Hyperkinet Mov (N Y) 2020, 10, 48. https://doi.org/10.5334/tohm.554.

56. Rissardo, ]J.P.; Fornari Caprara, A.L.; Freitas Silveira, J.O. Valproic Acid-Associated Pancytopenia: A
Dosedependent  Adverse  Effect. Romanian  Journal —of  Neurology 2019, 18, 150-153.
https://doi.org/10.37897/RJN.2019.3.9.

57. Pandey, S.; Pitakpatapee, Y.; Saengphatrachai, W.; Chouksey, A.; Tripathi, M.; Srivanitchapoom, P. Drug-
Induced Movement Disorders. Semin Neurol 2023, 43, 35-47. https://doi.org/10.1055/s-0043-1763510.

58. Wahab, A. Difficulties in Treatment and Management of Epilepsy and Challenges in New Drug
Development. Pharmaceuticals (Basel) 2010, 3, 2090-2110. https://doi.org/10.3390/ph3072090.

59. Rissardo, ].P.; Caprara, A.L.F. Pregabalin-Associated Movement Disorders: A Literature Review. Brain Circ.
2020, 6, 96-106. https://doi.org/10.4103/bc.bc_57_19.

60. Sanger, G.J.; Andrews, P.L.R. A History of Drug Discovery for Treatment of Nausea and Vomiting and the
Implications for Future Research. Front Pharmacol 2018, 9, 913. https://doi.org/10.3389/fphar.2018.00913.

61. Levitt, P.; Harvey, J.A.; Friedman, E.; Simansky, K.; Murphy, E.H. New Evidence for Neurotransmitter
Influences on Brain Development. Trends Neurosci 1997, 20, 269-274. https://doi.org/10.1016/s0166-
2236(96)01028-4.

62. Rissardo, ].P.; Caprara, A.L.F. Cinnarizine- and Flunarizine-Associated Movement Disorder: A Literature
Review. Egyp. J. Neurol. Psych. Neurosurg. 2020, 56, 61. https://doi.org/10.1186/s41983-020-00197-w.

63. Friedman, D.J.; Duckles, S.P. Effect of Calcium Channel Blockers on Norepinephrine Release and
Modulation by Prejunctional D2 Dopamine Receptors. Life Sci 1994, 54, 1545-1557.
https://doi.org/10.1016/0024-3205(94)90025-6.

64. Rissardo, J.P.; Caprara, A.L. Fluoroquinolone-Associated Movement Disorder: A Literature Review.
Medicines 2023, 10, 33. https://doi.org/10.3390/medicines10060033.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 i:10. reprints202402.1258.v1

22

65. Ilgin, S.; Can, O.D,; Atli, O.; Ucel, U.L; Sener, E.; Guven, L. Ciprofloxacin-Induced Neurotoxicity: Evaluation
of Possible Underlying Mechanisms. Toxicol Mech Methods 2015, 25, 374-381.
https://doi.org/10.3109/15376516.2015.1026008.

66. Javed, H.; Ali, H.T.; Soliman, Z.A.; Caprara, A.L.F.; Rissardo, ].P. Three Cases of Myoclonus Secondary to
Ciprofloxacin: “Ciproclonus”. Clin Neuropharmacol 2023, 46, 200-203.
https://doi.org/10.1097/WNF.0000000000000565.

67. Baek, ].H.; Kinrys, G.; Nierenberg, A.A. Lithium Tremor Revisited: Pathophysiology and Treatment. Acta
Psychiatr Scand 2014, 129, 17-23. https://doi.org/10.1111/acps.12171.

68. Rissardo, J.P.; Caprara, A.L.F.; Durante, [; Rauber, A. Lithium-Associated Movement Disorder: A
Literature Review. Brain Circ. 2022, 8, 76-86. https://doi.org/10.4103/bc.bc_77_21.

69. Salem, H.; Nagpal, C.; Pigott, T.; Teixeira, A.L. Revisiting Antipsychotic-Induced Akathisia: Current Issues
and Prospective Challenges. Curr Neuropharmacol 2017, 15, 789-798.
https://doi.org/10.2174/1570159X14666161208153644.

70. Jaber, M.; Robinson, S.W.; Missale, C.; Caron, M.G. Dopamine Receptors and Brain Function.
Neuropharmacology 1996, 35, 1503-1519. https://doi.org/10.1016/s0028-3908(96)00100-1.

71. Rissardo, ].P.; Caprara, A.L.F. Oromandibular Dystonia Secondary to Methylphenidate: A Case Report and
Literature Review. Int. Arch. Health Sci. 2020, 7, 108-111. https://doi.org/10.4103/iahs.iahs_71_19.

72. Asser, A, Taba, P. Psychostimulants and Movement Disorders. Front Neurol 2015, 6, 75.
https://doi.org/10.3389/fneur.2015.00075.

73. Rissardo, ].P.; Caprara, A.L.F. Predictors of Drug-Induced Parkinsonism. APIK Journal of Internal Medicine
2023, 11, 270-271. https://doi.org/10.4103/ajim.ajim_53_23.

74. van den Anker, ]J.; Reed, M.D.; Allegaert, K.; Kearns, G.L. Developmental Changes in Pharmacokinetics
and Pharmacodynamics. ] Clin Pharmacol 2018, 58 Suppl 10, S10-525. https://doi.org/10.1002/jcph.1284.

75. Dreher, ]J.-C; Meyer-Lindenberg, A.; Kohn, P.; Berman, K.F. Age-Related Changes in Midbrain
Dopaminergic Regulation of the Human Reward System. Proc Natl Acad Sci U S A 2008, 105, 15106-15111.
https://doi.org/10.1073/pnas.0802127105.

76. Rissardo, ].P.; Caprara, A.L.F. Risk Factors for Parkinson’s Disease Dementia. Annals of Movement Disorders
2023, 6, 156-159. https://doi.org/10.4103/aomd.aomd_52_22.

77. Saleem, S.; Aslam, H.M.; Anwar, M.; Anwar, S.; Saleem, M.; Saleem, A.; Rehmani, M.A.K. Fahr’s Syndrome:
Literature Review of Current Evidence. Orphanet | Rare Dis 2013, 8, 156. https://doi.org/10.1186/1750-1172-
8-156.

78. Rissardo, J.P.; Caprara, A.L.F,; Silveira, ].O.F. Fahr’s Disease Presenting with Pure Dementia: A Case Report
and Literature Review. Apollo Medicine 2019, 16, 236-239. https://doi.org/10.4103/am.am_54_19.

79. Chen, X,; Mao, G.; Leng, S.X. Frailty Syndrome: An Overview. Clin Interv Aging 2014, 9, 433-441.
https://doi.org/10.2147/CIA.S45300.

80. Rissardo, ].P.; Fornari Caprara, A.L. Action Myoclonus Secondary to Donepezil: Case Report and Literature
Review. Rambam Maimonides Med | 2023, 14, e0023. https://doi.org/10.5041/RMM]J.10510.

81. Claxton, K.L.; Chen, ].].; Swope, D.M. Drug-Induced Movement Disorders. Journal of Pharmacy Practice 2007,
20, 415-429. https://doi.org/10.1177/0897190007310514.

82. Zhao,M.;Ma, ].;Li,M,; Zhang, Y; Jiang, B.; Zhao, X.; Huai, C; Shen, L.; Zhang, N.; He, L.; et al. Cytochrome
P450 Enzymes and Drug Metabolism in Humans. Int | Mol Sci 2021, 22.
https://doi.org/10.3390/ijms222312808.

83. Chang, C.-C; Too, C.-L.; Murad, S.; Hussein, S.H. Association of HLA-B*1502 Allele with Carbamazepine-
Induced Toxic Epidermal Necrolysis and Stevens-Johnson Syndrome in the Multi-Ethnic Malaysian
Population. Int | Dermatol 2011, 50, 221-224. https://doi.org/10.1111/j.1365-4632.2010.04745.x.

84. Rissardo, ].P.; Caprara, A.L.F. Acute Phenytoin Toxicity: An Overview. Annals of Indian Psychiatry 2020, 4,
104. https://doi.org/10.4103/aip.aip_69_19.

85. Evans, W.E,; Johnson, J.A. Pharmacogenomics: The Inherited Basis for Interindividual Differences in Drug
Response. Annu Rev Genomics Hum Genet 2001, 2, 9-39. https://doi.org/10.1146/annurev.genom.2.1.9.

86. Rissardo, J.P.; Fornari Caprara, A.L. Role of Glutaric Aciduria Type 1 in Movement Disorders. Annals of
Movement Disorders 2022, 5, 79-80. https://doi.org/10.4103/AOMD.AOMD_39_21.

87. Bera, R.; Bron, M.; Benning, B.; Cicero, S.; Calara, H.; Darling, D.; Franey, E.; Martello, K.; Yonan, C.
Clinician Perceptions of the Negative Impact of Telehealth Services in the Management of Drug-Induced



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 i:10. reprints202402.1258.v1

23

Movement Disorders and Opportunities for Quality Improvement: A 2021 Internet-Based Survey.
Neuropsychiatr Dis Treat 2022, 18, 2945-2955. https://doi.org/10.2147/NDT.S385960.

88. Burkhard, P.R. Acute and Subacute Drug-Induced Movement Disorders. Parkinsonism Relat Disord 2014, 20
Suppl 1, 5108-112. https://doi.org/10.1016/S1353-8020(13)70027-0.

89. Rissardo, ].P.; Caprara, A.L.F. Cerebrovascular Disorders during Pregnancy. Matrix Science Medica 2023, 7,
82-83. https://doi.org/10.4103/mtsm.mtsm_13_23.

90. Stegmayer, K.; Walther, S.; van Harten, P. Tardive Dyskinesia Associated with Atypical Antipsychotics:
Prevalence, Mechanisms and Management Strategies. CNS Drugs 2018, 32, 135-147.
https://doi.org/10.1007/s40263-018-0494-8.

91. Gilbert, D.L. Drug-Induced Movement Disorders in Children. Ann N Y Acad Sci 2008, 1142, 72-84.
https://doi.org/10.1196/annals.1444.005.

92. di Biase, L.; Di Santo, A.; Caminiti, M.L.; Pecoraro, P.M.; Di Lazzaro, V. Classification of Dystonia. Life
(Basel) 2022, 12. https://doi.org/10.3390/1ife12020206.

93. Hopfner, F.; Deuschl, G. Managing Essential Tremor. Neurotherapeutics 2020, 17, 1603-1621.
https://doi.org/10.1007/s13311-020-00899-2.

94. Rissardo, J.P; Caprara, A.L.F. Phenytoin Psychosis. Apollo Medicine 2020, 17, 295-296.
https://doi.org/10.4103/am.am_62_19.

95. Kannarkat, G.T.; Caroff, S.N.; Morley, J.F. Risk of Drug-Induced Movement Disorders with Newer
Antipsychotic Agents. Tremor Other Hyperkinet Mov (N Y) 2022, 12, 19. https://doi.org/10.5334/tohm.695.

96. Riaz, A.; Ali, H.T.; Allahham, A.; Fornari Caprara, A.L.; Rissardo, ].P. Bupropion-Induced Myoclonus: Case
Report and Review of the Literature. The  Neurohospitalist 2023, 13, 297-302.
https://doi.org/10.1177/19418744231173283.

97. Kruijt, N.; van den Bersselaar, L.R.; Wijma, J.; Verbeeck, W.; Coenen, M.].H.; Neville, J.; Snoeck, M.;
Kamsteeg, E.J.; Jungbluth, H.; Kramers, C.; et al. HyperCKemia and Rhabdomyolysis in the Neuroleptic
Malignant and Serotonin Syndromes: A Literature Review. Neuromuscul Disord 2020, 30, 949-958.
https://doi.org/10.1016/j.nmd.2020.10.010.

98. Starkstein, S.; Dragovic, M.; Brockman, S.; Wilson, M.; Bruno, V.; Merello, M. The Impact of Emotional
Distress on Motor Blocks and Festination in Parkinson’s Disease. | Neuropsychiatry Clin Neurosci 2015, 27,
121-126. https://doi.org/10.1176/appi.neuropsych.13030053.

99. Rissardo, J.P.; Caprara, A.L.F.; Durante, I. Risk Factors for Parkinson’s Disease Depression. Annals of
Movement Disorders 2022, 5, 134-136. https://doi.org/10.4103/aomd.aomd_10_22.

100. Johnson, B.G. Monitoring for Drug-Induced Movement Disorders. Nursing 2017, 47, 56-60.
https://doi.org/10.1097/01.NURSE.0000513608.71646.9d.

101. The Appropriate Use of Neuroimaging in the Diagnostic Work-up of Dementia: An Evidence-Based
Analysis. Ont Health Technol Assess Ser 2014, 14, 1-64.

102. Pitton Rissardo, J.; Caprara, A.L.F. Neuroimaging Techniques in Differentiating Parkinson’s Disease from
Drug-Induced Parkinsonism: A Comprehensive Review. Clin Pract 2023, 13, 1427-1448.
https://doi.org/10.3390/clinpract13060128.

103. El-Mallakh, R.S.; Belnap, A.; Iyer, S.; Schreiber, J.; Matthews, D.; Lefler, L.; Dees, D.; Bott, A.; Vanegas-
Arroyave, N.; Wolff, A,; et al. Telehealth for Assessing and Managing Tardive Dyskinesia: Expert Insights
from a Cross-Disciplinary Virtual Treatment Panel. Telemed | E Health 2023, 29, 1096-1104.
https://doi.org/10.1089/tm;j.2022.0234.

104. Ali, H.T.; Mohamed, F.R.; Al-Ghannami, A K.; Caprara, A.L.F.; Rissardo, ].P. Catatonia as the Presentation
of Encephalopathy Associated With Autoimmune Thyroiditis: A Case Report and Literature Review. |
Psychiatr Pract 2023, 29, 499-504. https://doi.org/10.1097/PRA.0000000000000751.

105. Leuzzi, V.; Nardecchia, F.; Pons, R.; Galosi, S. Parkinsonism in Children: Clinical Classification and
Etiological Spectrum. Parkinsonism Relat Disord 2021, 82, 150-157.
https://doi.org/10.1016/j.parkreldis.2020.10.002.

106. Pitton Rissardo, J.; Fornari Caprara, A.L. Limb-Shaking And Transient Ischemic Attack: A Systematic
Review. Neurologist 2023. https://doi.org/10.1097/NRL.0000000000000526.

107. Friedman, J.H. Movement Disorders Induced by Psychiatric Drugs That Do Not Block Dopamine
Receptors. Parkinsonism Relat Disord 2020, 79, 60-64. https://doi.org/10.1016/j.parkreldis.2020.08.031.

108. Pitton Rissardo, J.; Fornari Caprara, A.L. Parkinson’s Disease Rating Scales: A Literature Review. Annals of
Movement Disorders 2020, 3, 3-22. https://doi.org/10.4103/AOMD.AOMD_33_19.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 i:10. reprints202402.1258.v1

24

109. Bittar, R.G.; Yianni, J.; Wang, S.Y.; Liu, X.; Nandji, D.; Joint, C.; Scott, R.; Bain, P.G.; Gregory, R.; Stein, J.; et
al. Deep Brain Stimulation for Generalized Dystonia and Spasmodic Torticollis. J. Clin. Neurosci. 2005, 12,
12-16. https://doi.org/10.1016/j.jocn.2004.03.025.

110. Rissardo, ]J.P.; Durante, I; Sharon, L; Fornari Caprara, A.L. Pimavanserin and Parkinson’s Disease
Psychosis: A Narrative Review. Brain Sci 2022, 12, 1286. https://doi.org/10.3390/brainsci12101286.

111. Saigoh, K.; Hirano, M.; Mitsui, Y.; Atsuko, L; Oda, I; Samukawa, M.; Yoshikawa, K.; Yamagishi, Y.;
Kusunoki, S.; nagai, Y. Huntington’s Disease Treatment with Memantine Prevented the Progression of
Chorea Movement 2021.

112. Rissardo, J.P.; Caprara, A.L.F. Buspirone-Associated Movement Disorder: A Literature Review. Prague
Med. Rep. 2020, 121, 5-24. https://doi.org/10.14712/23362936.2020.1.

113. Bhowmick, S.S.; Lang, A.E. Movement Disorders and Renal Diseases. Mov Disord Clin Pract 2020, 7, 763—
779. https://doi.org/10.1002/mdc3.13005.

114. Rissardo, J.P.; Caprara, A.L.F. Hypokalemic Paralysis Due to Primary SjoGren Syndrome: Literature
Review. Indian Journal of Medical Specialities 2020, 11, 51-53. https://doi.org/10.4103/INJMS.INJMS_135_19.

115. Rissardo, ].P.; Caprara, A.L. Copper Deficiency Myelopathy Secondary to Parenteral Zinc Supplementation
during Chronic Dialysis. Neurol Asia 2019, 24, 79-82.

116. Rissardo, ].P.; Fornari Caprara, A.L. Isolated Infarction of the Tonsil in the Cerebellum. Neurol India 2019,
67, 326-328. https://doi.org/10.4103/0028-3886.253573.

117. Li, X; Su, F;; Yuan, Q.; Chen, Y.; Liu, C.-Y.; Fan, Y. Advances in Differential Diagnosis of Cerebrovascular
Diseases in Magnetic Resonance Imaging: A Narrative Review. Quant Imaging Med Surg 2023, 13, 2712-
2734. https://doi.org/10.21037/qims-22-750.

118. Rissardo, J.P.; Fornari Caprara, A.L. Intracranial Hypertension Secondary to Levofloxacin-Therapy.
Archives of Medicine and Health Sciences 2019, 7, 313-316. https://doi.org/10.4103/amhs.amhs_118_19.

119. Kaneta, T. PET and SPECT Imaging of the Brain: A Review on the Current Status of Nuclear Medicine in
Japan. Jpn | Radiol 2020, 38, 343-357. https://doi.org/10.1007/s11604-019-00901-8.

120. Rissardo, J.P.; Fornari Caprara, A.L. Functional and Structural Neuroimaging in Alzheimer’s Disease: An
Overview. Hamdan Medical Journal 2020, 13, 132-133. https://doi.org/10.4103/HM].HMJ_80_19.

121. Briicke, T.; Briicke, C. Dopamine Transporter (DAT) Imaging in Parkinson’s Disease and Related Disorders.
J Neural Transm (Vienna) 2022, 129, 581-594. https://doi.org/10.1007/s00702-021-02452-7.

122. Pitton Rissardo, J.; Fornari Caprara, A.L. Cardiac 123]-Metaiodobenzylguanidine (MIBG) Scintigraphy in
Parkinson’s Disease: A Comprehensive Review. Brain Sci 2023, 13, 1471.
https://doi.org/10.3390/brainsci13101471.

123. Jankovic, ]. Tardive Syndromes and Other Drug-Induced Movement Disorders. Clin Neuropharmacol 1995,
18, 197-214. https://doi.org/10.1097/00002826-199506000-00001.

124. Pardis, P.; Remington, G.; Panda, R.; Lemez, M.; Agid, O. Clozapine and Tardive Dyskinesia in Patients
with  Schizophrenia: A  Systematic Review. ]|  Psychopharmacol 2019, 33, 1187-1198.
https://doi.org/10.1177/0269881119862535.

125. Rissardo, J.P.; Fornari Caprara, A.L. Myoclonus Secondary to Amantadine: Case Report and Literature
Review. Clin Pract 2023, 13, 830-837. https://doi.org/10.3390/clinpract13040075.

126. Clark, G.T. Medical Management of Oral Motor Disorders: Dystonia, Dyskinesia and Drug-Induced
Dystonic Extrapyramidal Reactions. | Calif Dent Assoc 2006, 34, 657-667.

127. Rissardo, ].P.; Caprara, A.L.F. Oromandibular Dystonia and Botulinum Neurotoxin: An Overview. Medical
Journal of Dr. D.Y. Patil University 2019, 12, 554-555. https://doi.org/10.4103/mjdrdypu.mjdrdypu_254_19.

128. Gallagher, S.; Bouchard, L. Nurse Practitioner Educational Preparation and Confidence Related to
Managing Antipsychotic Medications and Associated Drug-Induced Movement Disorders. | Am Assoc
Nurse Pract 2023. https://doi.org/10.1097/JXX.0000000000000899.

129. Pfeifer, C.E.; Ross, L.M.; Weber, S.R.; Sui, X.; Blair, S.N. Are Flexibility and Muscle-Strengthening Activities
Associated ~ with ~ Functional = Limitation?  Sports Med  Health  Sci 2022, 4, 95-100.
https://doi.org/10.1016/j.smhs.2022.03.001.

130. Rissardo, J.P.; Fornari Caprara, A.L. Multiple Solitary Plasmacytoma, Spasticity, and Botulinum Toxin.
Medical Journal of Dr. D.Y. Patil University 2021, 14, 353-354.
https://doi.org/10.4103/mjdrdypu.mjdrdypu_3_20.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2024 i:10. reprints202402.1258.v1

25

131. Boccalini, C.; Carli, G.; Vanoli, E.G.; Cocco, A.; Albanese, A.; Garibotto, V.; Perani, D. Manual and Semi-
Automated Approaches to MIBG Myocardial Scintigraphy in Patients with Parkinson’s Disease. Front Med
(Lausanne) 2022, 9, 1073720. https://doi.org/10.3389/fmed.2022.1073720.

132. Feigin, V.L.; Vos, T.; Nichols, E.; Owolabi, M.O.; Carroll, W.M.; Dichgans, M.; Deuschl, G.; Parmar, P.;
Brainin, M.; Murray, C. The Global Burden of Neurological Disorders: Translating Evidence into Policy.
Lancet Neurol 2020, 19, 255-265. https://doi.org/10.1016/51474-4422(19)30411-9.

133. Rissardo, J.P.; Caprara, A.L.F. The Burden of Neurological Disorders in India and Globally. Indian Journal
of Health Sciences and Biomedical Research kleu 2022, 15, 316-317.
https://doi.org/10.4103/kleuhsj.kleuhsj_127_22.

134. Helliwell, M.; Murphy, M. Drug-Induced Neurological Disease. Br Med | 1979, 1, 1283-1284.
https://doi.org/10.1136/bm;j.1.6173.1283-c.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.



