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Chronic, iatrogenic movement disorders such as Tardive Dyskinesia (TD) have been known to arise with the usage of both 1st and
2nd generation antipsychotic agents during the long-term treatment of schizophrenia (SCZ) and bipolar disorder. However, the
underlying mechanisms by which these extrapyramidal symptoms (EPS) are produced have not been conclusively determined.
Thus, this meta-analysis aims to investigate the effect of antipsychotic-induced reductions in dopaminergic neurotransmission on
blood-based oxidative stress values, consequently assessing the potential role of oxidative stress in the development of movement
disorders. 894 studies on PubMed were screened for data pertaining to the effect of 1st and 2nd generation antipsychotics
on common enzymatic components of the antioxidant defense system as well as metabolites of oxidative stress induced lipid
peroxidation. Studies were filtered by specific exclusion and inclusion criteria to maintain data accuracy. A total of 13 studies met
the inclusion criteria, in which a total of 1627 patients’ data was obtained and analyzed. A random-effects model was used for
aggregate data analysis, and subgroup analyses were performed. At alpha (a) = 0.05, malondialdehyde (MDA) and glutathione
peroxidase (GPx) had statistically significant one-tailed p-values, whereas superoxide dismutase (SOD) did not. SOD and GPx
had moderate to high negative effect sizes; MDA had a high positive effect size (in which a positive effect size indicates an
increase in enzyme activity). These results indicate that antipsychotics do cause a statistically significant degree of change in the
blood-based levels of some oxidative stress biomarkers, indicating that oxidative stress may play some role in the development of
movement disorders.
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Introduction ders. Such disorders are characterized by chronic extrapyra-
midal symptoms (EPS), the most significant of which being
excessive involuntary and/or repetitive movement or paucity
of voluntary movement”. Despite extensive research on an-
tipsychotic function, there is an absence of research pertaining
to the specific biological mechanisms that prompt the develop-
ment of EPS. Numerous hypotheses to bridge these uncertainties
have been proposed, including the hypersensitivity of dopamine

receptors, neuronal degeneration, and maladaptive synaptic plas-

Antipsychotic medications are the primary treatment for
schizophrenia (SCZ), a chronic mental disorder characterized by
hallucinations, delusions, and impaired cognition'. Although
the precise etiology of SCZ has not been conclusively deter-
mined, one explanation of its origin is the hyperactivity of
dopaminergic neurons in certain pathways of the brain'!. First-
generation antipsychotic agents, also known as typical antipsy-

chotics, aim to address this by inhibiting dopaminergic neuro-
transmission. Second-generation antipsychotic agents—atypical
antipsychotics—inhibit dopaminergic neurotransmission to a
lesser extent, while also altering the transmission of other neu-
rotransmitters, typically 5-hydroxytryptamine (serotonin) along
with other noradrenergic, cholinergic, and histamine-binding
receptors=.

While both typical and atypical antipsychotics effectively re-
duce psychotic symptoms, long term usage of either has been
shown to correlate with the development of movement disor-

ticity™.

This study aims to investigate one potential hypothesis by
which these movement disorders and EPS develop: oxidative
stress induced ferroptosis as a consequence of dopaminergic
hypersensitization in the basal ganglia, a brain region containing
dopamine pathways that govern movement. Oxidative stress
is a phenomenon characterized by an imbalance between re-
active oxygen species (ROS) and the antioxidant defense sys-
tem’s capacity to neutralize them in the body>. Though ROS
in certain quantities are vital in cell signaling and inflammatory
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responses, their systemic excess production can oxidize cellular
components, causing cellular dysfunction and death”. Basal
ganglia-specific oxidative damage induced by antipsychotic use,
therefore, is one possible explanation for the pathogenesis of
TD, as damage to this region may produce similar motor dys-

function®.
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Oxidative Stress Hypothesis of Tardive Dyskinesia Flowchart

To validate the first part of this hypothesis, the scope of this
study is to determine if antipsychotic use produces oxidative
stress by measuring the changes in associated biomarkers. This
is done by collecting and analyzing data about the influence of
antipsychotics on metabolites of lipid peroxidation and common
enzymes with antioxidant properties. Malondialdehyde (MDA),
glutathione peroxidase (GPx), and superoxide dismutase (SOD)
levels were measured for this reason. MDA is a product of lipid
peroxidation (one common manner of oxidative stress induced
cell death) commonly used to assess oxidative stress. SOD
and GPx are two of the primary components of the antioxidant
defense system, neutralizing free radicals by different, but cru-
cial methods”. These three specific biomarkers were selected
also because they are the most commonly reported enzymes in
measuring oxidative stress in humans.

This study does not establish causation; it validates a sin-
gular mechanistic link in the whole proposed explanation of
TD development. If such a relationship between antipsychotic
usage and oxidative stress exists, it helps support the afore-
mentioned explanation, contributing to the future development
of novel interventions and targeted treatment methods. Inter-
vention strategies might include the formation of antioxidant
enzyme regimens or dietary/lifestyle change recommendations
to address excess ROS, potentially reducing or preventing TD
and other movement disorder symptoms in patients undergoing
long-term treatment. Lastly, understanding the pathophysiology
of antipsychotic-induced movement disorders could not only
contribute to the mitigation of EPS, but also provide valuable
insights into the mechanisms of other movement disorders like
dopamine-responsive dystonia or Parkinson’s disease.

Methods

Articles from the PubMed database were searched based on
specific search criteria and 894 were screened based on their
title and abstract (for pertinence). Upon assessing congruency

to the inclusion/exclusion criteria, they were selected for sec-
ondary review. Then, they were searched through for relevant
and easily extractable data. During the literature search, studies
with non-human subjects, duplicate publications, meta-analyses,
case studies/reports, and non-English texts were excluded. The
inclusion criteria included clinical trials evaluating the effect of
typical (1st generation), atypical (2nd generation), or unspeci-
fied antipsychotic regimens on the levels of either biomarkers
of oxidative stress (malondialdehyde in nanomoles/milliliter) or
enzymatic components of the antioxidant defense system (super-
oxide dismutase and glutathione peroxidase in units/milliliter)
in SCZ patients.

A total of 13 studies with drug-naive first episodic psychosis
patients and chronically antipsychotic-treated SCZ patients were
incorporated, with subgroup analyses performed. Relevant data
values, namely levels of antioxidant enzymes and oxidative
stress biomarkers, were converted to uniform units if possible
and consolidated. If values were stratified based on gender,
weight gain, or any other factors, they were compounded with
the appropriate statistical procedures (combined mean and com-
bined standard deviation formulas).

A random-effects model was used due to high between-study
heterogeneity, in workbook 3 of the Meta-Essentials software.
Control group data and post-treatment experimental group data
were assigned to groups 1 and 2 respectively within the work-
book. To assess the quality of the incorporated studies, a funnel
plot was graphed in order to detect publication bias; Cochran’s
Q test and the 12 statistics were calculated to determine between-
study heterogeneity.

Results

13 out of 894 studies met the inclusion criteria detailed in the
methodology. Data pertaining to the control values and antipsy-
chotic post-treatment values of superoxide dismutase (SOD),
glutathione peroxidase (GPx), and malondialdehyde (MDA) was
extracted. All data were converted to uniform units of u/ml for
SOD and GPx, with units of nmol/ml for MDA. The probabil-
ities of the experimental values occurring by random chance
were lower than the significance value (o = 0.05) for 2 out of
3 of the variables; the one-tailed p values (hypothesis indicates
directional changes) were: MDA (p = 0.046), and GPx (p =
0.006), SOD (p = 0.102).

Hedge’s g effect sizes were calculated for each biomarker,
with the following results: MDA (0.83 £ 0.49), GPx (-0.72 £
0.29), and SOD (-0.57 + 0.45). Subgroup analyses for drug-
naive first episode psychosis patients (AA) were performed,
with the following results: MDA (0.58), GPx (-0.62), and SOD
(0.09). Subgroup analyses for chronically treated SCZ patients
(BB) were performed as well, with the following results: MDA
(1.22), GPx (-0.9), and SOD (-1.24). Subgroup analyses and
effect size data is illustrated in the table below.
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PRISMA Flow Diagram: identification of studies via databases

= Jentified it Records remaved before
o r
o
E ) Records -
E e=ligible E r r
§ g ‘:‘-I i )
Y
D= -y ] , '-_- 4= =xclude
=ga2 \ r
o =er g et Decord etreve
$ - »
$
1
@ A 4
p
Reports assemed for Repors exclude e
- = ’ eeting | =r
A\ |
,s e = (8
] e stuce
2 n=13

The following 13 studies were incorporated in data analysis:
Bai et al.®, Boskovi¢ et al.2, Chien et al.1?, Gama et al. 1Y, Khan
et al. 2 Liu et al. 13 Li et al.'%, M. Al-chalabi et al. =2 Sarandol
et al. 19 Sarandol et al.”, Tsai et al.'¥, Zhang et al.”, Zhang et
al?l,

Comparison of weighted Hedge's g Effect Sizes (95% CI) for MDA, GPx, and SOD in Overall, Drug-

Naive, and Chronically Treated Schizophrenia Patients

Blomarks Overall Effect Size Drug-naive Chronic SCZ
OIarKess (Hedge's g = SD) Subgroup (AA) Subgroup (BB)
MDA 0.83+049 058 122
GPx -0.72:029 -0.62 -09

SOD -0.57 £ 0.45

Discussion

Statistically significant differences were observed for MDA and
GPx, but not SOD. Furthermore, the p values for SOD and GPx

were lower than the mean control values, with effect sizes of
-0.72 and -0.57 respectively, indicating that antipsychotics corre-
late with reductions in the presence of these antioxidant enzymes
in hemoglobin. Moreover, the u value for MDA was greater
than the mean control value; the increase of lipid peroxidation
byproducts in the bloodstream indicates that antipsychotic usage
correlates with oxidative stress-mediated cell apoptosis. MDA’s
effect size substantiates, an effect size of 0.83 demonstrates a
strong increasing effect that increases MDA levels.

However, some limitations do exist within the framework of
the study. There may exist a potential bias in the sample of
patients, as the inclusion criteria for articles written in English
excludes studies and therefore patients based in non-English
speaking countries. Furthermore, all studies included in the
meta-analysis have different control variables: inherently dif-
ferent treatment timeframes and dose sizes, so the consolidated
data’s accuracy decreases. Lastly, the analysis does not stratify
results by drug type (which have distinct mechanisms of ac-
tion), due to the dearth of existing and relevant data available for
analysis. These confounders do impair the quality of the results.

Some biological explanations exist that justify this study’s
findings, but current explanations are theoretical in nature and
presume the operation of certain biological processes, lacking
the scientific rigor and experimental evidence necessary to arrive
at a conclusion. Thus, further studies should be conducted
in order to conclusively determine the relationship between
antipsychotic use and movement disorder development and how
other presently unaccounted variables influence it. This study
does indirectly hold patient implications: gaining additional
insights into oxidative stress hypothesis of TD development
would allow for the future creation of strategies to mitigate
the symptoms of TD, significantly improving patient outcomes
while retaining the benefits of antipsychotic usage.

Conclusion

In summary, this meta-analysis and its findings indicate that
antipsychotic use is correlated with changes in oxidative stress
biomarkers, confirming the guiding research conjecture. It helps
validate a mechanism in the oxidative stress hypothesis of TD
etiology, helping elucidate the convoluted relationship between
antipsychotic agents and movement disorder development. The
study’s small sample size and inability to stratify analyses by
drug type, dose size, and other confounders is its primary limi-
tation, but it does build upon current knowledge on the mech-
anisms of movement disorder development. The next step to
slowing and eventually preventing movement disorders is the
organization of nuanced, scrupulous research and clinical trials
that bridge molecular mechanisms with clinical observations.
By doing so, we can slowly begin crafting targeted therapeutic
regimens that improve patient health outcomes now and in the
future.
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