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Pharmacologic Treatment of Tardive Dyskinesia:
A Meta-Analysis and Systematic Review
Bekir B. Artukoglu, MDa,*; Fenghua Li, MSa; Natalia Szejko, MDb;  
and Michael H. Bloch, MD, MSa,c

ABSTRACT
Objective: To examine the efficacy of pharmacologic treatments for 
tardive dyskinesia (TD).

Data Sources: PubMed was searched on December 12, 2017, for 
randomized, placebo-controlled trials examining the treatment 
of TD using the search terms (drug-induced dyskinesia OR tardive 
dyskinesia) AND (psychotic disorders OR schizophrenia).

Study Selection: Studies were included if they examined tardive 
dyskinesia treatment as the primary outcome and were randomized 
and placebo-controlled trials.

Data Extraction: The effect size (standard mean difference) of 
improvement (compared to placebo) stratified by medication class 
is reported for each of the trials included in this systematic review. A 
meta-analysis was conducted utilizing a fixed-effects model.

Results: Vitamin E was associated with significantly greater 
reduction in TD symptoms compared to placebo (standardized 
mean difference [SMD] = 0.31 ± 0.08; 95% CI, 0.16 to 0.46; z = 4.1; 
P < .001). There was significant evidence of publication bias in 
vitamin E studies (Egger test: P = .02). Shorter duration of treatment 
and lower dose of vitamin E were significantly associated with 
greater measured treatment benefit. Vitamin B6 was associated 
with significantly greater reduction in TD symptoms compared to 
placebo (SMD = 1.41 ± 0.22; 95% CI, 0.98 to 1.85; z = 6.4; P < .001) 
in 2 trials conducted by the same research group. Vesicular 
monoamine transporter 2 (VMAT2) inhibitors demonstrated 
significant benefit on tardive dyskinesia symptoms compared to 
placebo (SMD = 0.63 ± 0.11; 95% CI, 0.41 to 0.85; z = 5.58; P < .005). 
Amantadine was associated with significantly greater score 
reduction compared to placebo (SMD = 0.46 ± 0.21; 95% CI, 0.05 to 
0.87; z = 2.20; P < .05). Calcium channel blockers were not associated 
with significantly greater score reduction compared to placebo 
(SMD = 0.31 ± 0.33; 95% CI, −0.34 to 0.96; z = 0.93; P = .35).

Conclusions: Data from multiple trials suggests that VMAT2 
inhibitors, vitamin E, vitamin B6, and amantadine may be effective for 
the treatment of TD. Evidence of publication bias and a significant 
negative association of dose and duration of treatment with 
measured efficacy suggest that the benefits of vitamin E in TD may 
be overstated. Head-to-head trials are needed to compare the 
efficacy and cost-effectiveness of pharmacologic agents for TD.
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Antipsychotic medications are the first-line treatment 
for psychotic disorders. Efficacy of antipsychotic 

medication has been established through meta-analysis 
of randomized controlled trials.1,2 Antipsychotic agents 
are also effective for and are often utilized to treat mania,3 
anxiety,4,5 depression,6–10 and childhood aggression.11–13 
Given the broadening indications for antipsychotic 
medication, use of these medications has increased 
dramatically over the last two decades. One study14 
indicates that as many as 1.6% of the American population 
were exposed to antipsychotics in 2013.

Side effects limit the tolerability of antipsychotic 
medications for many patients. Extrapyramidal symptoms 
(EPS) are antipsychotic-induced side effects that are 
caused by dopaminergic blockade at the nigrostriatal 
pathway.15,16 Early-onset EPS such as akathisia, dystonia, 
and parkinsonism are usually seen in the first few weeks 
of antipsychotic exposure. Tardive dyskinesia (TD) is a 
late-onset extrapyramidal side effect that is estimated to 
develop in 20%–50% of patients on long-term antipsychotic 
treatment.17 Tardive dyskinesia involves orofacial 
stereotypies including grimacing, chewing, and tongue 
movements. Tardive dyskinesia can cause significant 
disability and medication nonadherence and is associated 
with economic consequences.18–21 Tardive dyskinesia is 
less commonly seen with atypical antipsychotics,22 but it 
has been reported to be caused by many of these agents 
as well.23 Although the exact etiologic mechanism of TD 
is unknown, it remains clear that chronic D2 receptor 
antagonism is involved in its pathogenesis.24,25

There are currently many clinical interventions that 
are utilized to reduce TD symptoms when they occur. 
Discontinuing antipsychotics, when possible, often 
reduces symptoms of TD. However, TD can persist even 
after antipsychotic discontinuation.26–29 Reduced dosage 
of a typical antipsychotic or switching to an atypical 
antipsychotic are some of the options for clinicians. 
These treatment strategies are supported by randomized 
controlled trials.30,31 Many augmentation agents have 
been examined regarding efficacy for antipsychotic-
induced TD. Two vesicular monoamine transporter 2 
(VMAT2) inhibitors, valbenazine and deutetrabenazine, 
have been recently approved by the US Food and Drug 
Administration (FDA) for the treatment of TD.32,33 
Meta-analyses and systematic reviews have compared the 
efficacy of different compounds for TD, but these reviews 
have not been updated in over a decade, during which 
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several studies and advances have taken place.26–28 The goal 
of this systematic review and meta-analysis is to examine 
the efficacy of different agents used in the treatment of TD.

METHODS

Search Strategy for Identification of Studies
Two reviewers (B.B.A., M.H.B.) searched the electronic 

database of PubMed on December 12, 2017, for relevant 
studies using the search ((Dyskinesias[mesh] OR Dyskinesia, 
Drug-Induced[mesh] OR (abnormal* near movement* 
near disorder*) OR (involuntary* near movement*)) AND 
(Psychotic Disorders[mesh] OR Schizophrenia[mesh])) OR 
tardive dyskinesia[mesh] OR (tardive near (dyskine* or 
diskine*)). The search was restricted using the “randomized 
controlled trial” filter. We additionally used the same search 
strategy and limited it using the “review” filter. These studies 
were further reviewed for additional relevant citations.

Selection of Studies
The titles and abstracts of studies obtained by this search 

strategy were examined by two reviewers (B.B.A., M.H.B.) to 
determine inclusion in this meta-analysis. Any discrepancies 
were resolved by the two reviewers. Eligibility for the study 
was based upon analysis of the full articles for the following 
criteria: they needed to (1) examine tardive dyskinesia 
treatment effect as primary outcome, (2) be randomized, 
and (3) be placebo-controlled. Discontinuation studies or 
studies that involved duplication of data from other included 
trials were excluded. Head-to-head studies without a placebo 
control were excluded. We also excluded trials examining 
subjects who did not already have TD (eg, studies comparing 
the likelihood of two different antipsychotics to cause TD 
or examining prevention of TD when an antipsychotic was 
started). Crossover trials were included.

Meta-Analytic Procedures
Data were extracted by independent reviewers (B.B.A., 

M.H.B.) on specially designed Microsoft Excel spreadsheets. 
Our primary outcome measure was the efficacy of different 
medications for the treatment of TD. The Abnormal 
Involuntary Movement Scale (AIMS) and the Extrapyramidal 
Symptom Rating Scale (ESRS) Dyskinetic Movement 

Subscale were used to gather information on the severity 
of TD.34,35 Reviewers also gathered data on trial design, 
maximum daily medication dose, number of participants 
in active group, number of participants in placebo group, 
and other relevant attributes and results of the studies. Study 
quality was assessed using the Jadad scale36 and Cochrane 
Risk of Bias Table.37 A study was considered to have a low 
risk of bias if it satisfied the first 3 items and there were 
no concerns related to the remaining 3 domains. Studies 
were considered to have a moderate risk of bias when the 
answers to 1 or 2 domains were “Unclear” or “No” and a 
high risk of bias was when the answers to 3 or more domains 
were “Unclear” or “No.” Disagreement among reviewers 
was mitigated through discussion and the procurement of 
more information from the study investigators if possible. 
When information about the efficacy of a medication for the 
treatment of TD was not available in the original articles, the 
corresponding author was contacted for further information. 

All statistical analyses were completed in Comprehensive 
Meta-Analysis Version 3 (Biostat; Englewood, New 
Jersey).38 Our primary outcome of interest was TD severity. 
Standardized mean difference (SMD) of the difference 
between active treatment and placebo conditions on TD 
was used as the primary outcome for the meta-analysis. 
Standardized mean difference was selected as an outcome 
over weighted mean difference as investigators used different 
rating scales to assess TD severity. Studies were stratified 
by the type of medication (vitamin E, vitamin B6, VMAT2 
inhibitors, anticholinergics, and calcium channel blockers). 
All other medication trials were treated as different 
categories. A fixed-effects model was used as the primary 
method for meta-analysis as we were concerned about the 
possibility of publication bias in the literature. When there is 
significant publication bias, fixed-effects models are generally 
considered more conservative than random-effects models, 
as fixed-effects models give less weight to smaller studies that 
are more likely to be affected by publication bias. Publication 
bias was assessed by plotting the effect size against standard 
error for each included trial (ie, funnel plot). In addition, 
publication bias was statistically tested by the Egger test. 
We were able to examine publication bias and conduct 
stratified subgroup analyses and meta-regressions only for 
vitamin E trials because all other agents were examined in 
too few trials (κ ≤ 3). Stratified subgroup analysis and meta-
regression were used to examine the effects of dose and 
duration in studies of vitamin E. All subgroup analyses were 
performed using fixed-effects models. Our threshold for 
statistical significance was P < .05 for the primary analysis. 
Heterogeneity was assessed using the Cochran Q and I2 tests.

RESULTS

Included Trials
Figure 1 depicts the selection of trials for inclusion in this 

systematic review and meta-analysis. A total of 303 references 
were identified in PubMed and from relevant review articles. 
A total of 37 randomized controlled clinical trials were 

Clinical Points
■■ Tardive dyskinesia (TD), an oral and facial movement 

disorder that is a potential side effect of antipsychotic 
treatment, can cause significant disability and medication 
nonadherence.

■■ Vitamin E was associated with significantly greater 
reduction in TD symptoms compared to placebo per 
meta-analysis, although its benefits may be inflated by 
publication bias.

■■ Vesicular monoamine transporter 2 (VMAT2) inhibitors 
have strong evidence of efficacy in TD based on the 
results of several large randomized controlled trials.
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Figure 1. PRISMA Diagram for Selection of Studies in Meta-Analysis

 303 Citations identi�ed through Pubmed, 
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37 manuscripts included in systematic review 
21 trials examining the efficacy of vitamin E, 

VMAT 2 inhibitors, vitamin B6, amantadine, 
and calcium channel blockers included in 
meta-analysis and systematic review 

16 trials examining other interventions included 
in systematic review but not meta-analysis 

258 records excluded 
  •  227 not examining tardive dyskinesia  
  •  18 not randomized, placebo-controlled trials 
  •  2 treatment discontinuation studies 
  •  11 examined effects of different antipsychotics 

on tardive dyskinesia  
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5 records excluded
  •  1 Prevention rather than treatment study 

of tardive dyskinesia 
  •  3 provided insufficient data to calculate 

effect size 
  •  1 no rating scale 

 

eligible for potential inclusion once the titles, abstracts, and 
full texts (when necessary) were reviewed.39–75 Three trials 
studied the efficacy of VMAT2 inhibitors (tetrabenazine, 
deutetrabenazine, and valbenazine), 15 trials investigated 
the efficacy of vitamin E, and 2 studies investigated vitamin 
B6. Three trials studied the efficacy of amantadine, and 2 
trials investigated calcium channel blockers (diltiazem and 
nifedipine). Individual trials also investigated the efficacy 
of Ginkgo biloba, levetiracetam, ethyl-EPA, α-methyldopa, 
biperiden, cerulitide, galantamine, insulin, melatonin, 
naltrexone, piracetam, conjugated estrogens, reserpine, 
selegiline, and sulpiride. The characteristics of included trials 
are presented in Table 1.

Vitamin E
Fifteen trials including 502 subjects examined the 

effects of vitamin E on TD. The forest plot in Figure 
2 depicts the effect of vitamin E on the severity of TD 
symptoms compared to placebo in randomized controlled 
trials. Vitamin E was associated with significantly greater 
score reduction in TD symptoms compared to placebo 

(SMD = 0.31 ± 0.08; 95% CI, 0.16 to 0.46; z = 4.1, P < .001). 
There was evidence of heterogeneity between trials (test 
for heterogeneity: χ2

14 = 33.3, P < .005, I2 = 58%). Figure 
3 depicts a funnel plot examining publication bias. There 
is significant asymmetry in the funnel plot suggesting 
possible publication bias. The Egger test reached statistical 
significance (Egger intercept = 2.4 ± 0.94; 95% CI, 0.40 to 
4.5; P = .02). An increased dose of vitamin E (1,600 IU/d: 
SMD = 1.16 ± 0.09; 95% CI, −0.01 to 0.33; z = 1.8, P = .07) 
was associated with significantly less symptom improvement 
(test for subgroup differences χ2

1 = 11.7, P = .001) compared 
to placebo compared to lower dose vitamin E trials (1,200 
IU/d: SMD = 0.77 ± 0.15; 95% CI, 0.47 to 1.1; z = 5.0, 
P < .001). Longer duration of treatment with vitamin E was 
also associated with reduced benefit compared to placebo 
(coefficient = 0.57, standard error of the mean [SEM] = 0.16; 
95% CI, 0.26 to 0.89; z = 3.58, P < .001).

Vitamin B6
Only 2 trials41,42 from the same investigator group that 

included a total of 51 subjects examined the effects of vitamin 
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B6 on TD. Figure 2 depicts the effects of vitamin 
B6 on the severity of TD symptoms compared to 
placebo in randomized controlled trials. Vitamin 
B6 was associated with significantly greater 
reduction in TD symptoms compared to placebo 
(SMD = 1.41 ± 0.22; 95% CI, 0.98 to 1.85; z = 6.4, 
P < .001). There was no significant evidence of 
heterogeneity between trials (test for heterogeneity: 
χ2

1 = 0.02, P = .88, I2 = 0%).

VMAT2 Inhibitors
Three trials40,43,69 including 346 subjects 

examined the effects of VMAT2 inhibitors on TD. 
Figure 2 depicts the effect of VMAT2 inhibitors on 
the severity of TD symptoms compared to placebo 
in randomized controlled trials. VMAT2 inhibitors 
were associated with significantly greater score 
reduction compared to placebo (SMD = 0.63 ± 0.11; 
95% CI, 0.41 to 0.85; z = 5.58, P < .005). Valbenazine 
(SMD = 0.72 ± 0.14; 95% CI, 0.44 to 0.99; z = 5.02, 
P < .001), deutetrabenazine (SMD = 0.40 ± 0.19; 95% 
CI, 0.04 to 0.77; z = 2.2, P < .05), and tetrabenazine 
(SMD = 3.23 ± 1.07; 95% CI, 1.12 to 5.33; z = 3.01, 
P < .005) demonstrated significant benefit 
compared to placebo in individual trials. There was 
no significant evidence of heterogeneity between 
trials (test for heterogeneity: χ2

4 = 10.6, P = .032, 
I2 = 62.2%).

Anticholinergics
One trial66 including 9 subjects examined 

the effects of amantadine and biperiden on TD. 
Two different trials72,73 including 38 subjects 
also examined the effects of amantadine on TD. 
Figure 2 depicts the effect of anticholinergic 
medications on the severity of TD symptoms 
compared to placebo in randomized controlled 
trials. Amantadine was associated with significantly 
greater reduction in TD symptoms compared to 
placebo (SMD = 0.46 ± 0.21; 95% CI, 0.05 to 0.87; 
z = 2.20, P < .05). There was no significant evidence 
of heterogeneity between amantadine trials (test 
for heterogeneity: χ2

2 = 0.6, P = .76, I2 = 0%). A 
2-week randomized, double-blind, placebo-
controlled crossover trial66 of amantadine (200 
mg) and biperiden (4 mg) in 9 subjects revealed 
a significant and similar effect of treatment for 
both amantadine (mean ± SD = 1.78 ± 2.22) and 
biperiden (mean ± SD = 1.67 ± 1.66). This study had 
moderate risk of bias according to the Cochrane 
risk of bias tool; incomplete outcome data were 
not addressed, as random sequence generation and 
allocation concealment were unclear.

Calcium Channel Blockers
Two trials67,75 including 21 subjects examined the 

effects of CCBs on TD. Figure 2 depicts the effect of 



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e6     J Clin Psychiatry 81:4, July/August 2020

Artukoglu et al

Figure 2. Efficacy of Pharmacologic Agents for Tardive Dyskinesiaa

Study Effect Size (95% CI)

Vitamin E

Bridler 200168 0.08 (−0.24 to 0.39)

Lohr and Caligiuri 199654 0.80 (0.11 to 1.49)

Adler et al 199344 0.36 (−0.39 to 1.12)

Akhtar et al 199346 0.81 (0.09 to 1.53)

Shriqui et al 199251 0.00 (−0.53 to 0.53)

Elkashef et al 199049 0.96 (0.12 to 1.80)

Lohr et al 1988 Group 139 1.65 (0.87 to 2.43)

Lohr et al 1988 Group 239 1.23 (0.48 to 1.98)

Adler et al 199853 0.56 (−0.11 to 1.23)

Egan et al 199248 0.15 (−0.31 to 0.62)

Dabiri et al 199447 0.89 (−0.36 to 2.13)

Lam et al 199450 −0.07 (−0.64 to 0.50)

Adler et al 199945 0.08 (−0.31 to 0.46)

Schmidt et al 1991 Group 152 0.28 (−0.63 to 1.20)

Schmidt et al 1991 Group 252 −0.28 (−1.20 to 0.63)

Fixed 0.31 (0.16 to 0.46)

Vitamin B6

Lerner et al 200142 1.47 (0.66 to 2.27)

Lerner et al 200741 1.39 (0.88 to 1.90)

Fixed 1.41 (0.98 to 1.85)

VMAT2 Inhibitors
Fernandez et al 201743 0.40 (0.04 to 0.77)

Hauser et al 201740 0.72 (0.44 to 0.99)

Jankovic 198269 3.23 (1.12 to 5.33)

Fixed 0.63 (0.41 to 0.85)

Amantadine
Silver et al 199566 0.69 (−0.26 to 1.64)

Pappa et al 201072 0.30 (−0.29 to 0.90)

Angus et al 199773 0.55 (−0.15 to 1.26)

Fixed 0.46 (0.05 to 0.87)

Calcium Channel Blockers
Suddath et al 199167 4.38 (1.82 to 6.94)

Loonen et al 199275 0.03 (−0.65 to 0.70)

Fixed 0.31 (−0.34 to 0.96)

	 −2	 0	 4
aThis forest plot depicts the treatment benefit for tardive dyskinesia compared to placebo 

in pharmacologic agents with > 1 included trial (vitamin E, vitamin B6, VMAT2 inhibitors, 
amantadine, and calcium-channel blockers). Boldface values are summaries for groups.

Abbreviation: VMAT2 = vesicular monoamine transporter 2.

CCBs on the severity of TD symptoms compared to placebo in 
randomized controlled trials. CCBs were not associated with 
significantly greater score reduction compared to placebo 
(SMD = 0.31 ± 0.33; 95% CI, −0.34 to 0.96; z = 0.93, P = .35). 
Nifedipine (SMD = 4.38 ± 1.30; 95% CI, 1.83 to 6.94; z = 3.36, 
P < .001) demonstrated a significant benefit compared to 
placebo, whereas diltiazem (SMD = 0.03 ± 0.34; 95% CI, −0.65 
to 0.70; z = 0.08, P = .94) failed to do so in individual trials. 
There was significant evidence of heterogeneity between 

the 2 trials (test for heterogeneity: χ2
1 = 10.4, 

P < .005, I2 = 90%).
The presence of voltage-sensitive calcium 

channels in the central nervous system (CNS) 
and dyskinetic effects of calcium channel 
blockers (CCBs) in animal studies76,77 may 
explain how the dihydropyridine CCB 
nifedipine may improve TD symptoms. A 
randomized, controlled crossover trial67 
showed that 4 weeks of nifedipine treatment 
(90 mg) led to a statistically significant decrease 
in total AIMS scores by a mean ± SEM of 
57.2% ± %9.0) in 4 subjects. In a double-blind, 
placebo-controlled, crossover study75 in 17 
patients, 3 weeks of treatment with the non-
dihydropyridine CCB diltiazem (60 mg) was 
not associated with a statistically significant 
reduction in the total AIMS score compared 
with the placebo treatment. Both studies 
on calcium channel blockers had moderate 
risk of bias due inadequate information 
on randomization process and blinding of 
outcome assessment.

Other Agents Investigated  
in Individual Studies

Figure 4 depicts the effects of all the 
medications that have been used to treat TD in 
controlled trials. Sixteen trials that examined 
separate individual medications were 
evaluated for qualitative synthesis. Ginkgo 
biloba, levetiracetam, ceruletide, insulin, 
melatonin, piracetam, conjugated estrogens, 
selegiline, and sulpiride demonstrated 
significant benefit compared to placebo in 
individual trials. Ethyl-eicosapentaenoic 
acid (ethyl-EPA), galantamine, reserpine, 
α-methyldopa, and naltrexone failed to 
differentiate from placebo in individual trials. 
The methodological quality of many of the 
trials was poor as depicted in Table 1, and their 
results have not been replicated. Although 
all the studies were placebo controlled, 1 
study,65 a sulpiride trial, was single blind and 
1 article39 did not provide enough information 
on the blinding of the trial. Five studies were 
properly randomized, whereas 11 manuscripts 
did not provide sufficient information about 

the random sequence generation. Associations with dose or 
duration were not examined in any of the individual trials. 
These trials were generally single-site studies with small 
sample sizes and thus had inadequate power to detect even 
moderate treatment benefits.

Ginkgo biloba. The antioxidant properties of the free 
radical scavenger EGb-761, a Ginkgo biloba extract, have 
implications for its use in TD, based on the theory that free 
radicals play a role in TD pathogenesis.71 A randomized, 
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Figure 3. Funnel Plot Examining Potential Publication Bias in Vitamin E Trials 
for Tardive Dyskinesiaa

aThis figure depicts a funnel plot examining publication bias in vitamin E trials. Vitamin E was 
associated with significantly greater reduction in tardive dyskinesia symptoms compared 
to placebo (SMD = 0.31 ± 0.08; 95% CI, 0.16 to 0.46; z = 4.1; P < .001) but also funnel plot 
asymmetry suggesting publication bias (Egger test: P = .02).

Abbreviations: SMD = standardized mean difference.
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double-blind, placebo controlled, 12-week trial71 was 
conducted to compare the effects of 240 mg/d EGb-761 
(n = 78) and placebo (n = 79) on TD symptoms. EGb-761 
treatment significantly decreased the AIMS total score in 
patients with TD compared to those who were given a placebo 
(2.13 ± 1.75 vs −0.10 ± 1.69; P < .0001), with 40 (51.3%) and 
4 (5.1%) patients achieving response in the EGb-761 and 
placebo treatment groups, respectively. This study had a 
Jadad score of 3 and a moderate risk of bias according to the 
Cochrane risk of bias tool to due inadequate information on 
randomization process and blinding of outcome assessment.

Levetiracetam. While its mechanism of action is unclear, 
levetiracetam has a binding site on CNS membranes known 
as synaptic vesicle protein 2A and is known to exhibit 
antidyskinetic properties in animal models and open-label 
studies in humans.78 In a double-blind, randomized study,74 
25 patients were assigned to 500–3000 mg/d of levetiracetam 
and 25 patients to placebo for 12 weeks. Mixed regression 
models revealed that AIMS total scores declined 43.5% from 
baseline in the levetiracetam group compared to 18.7% for 
placebo (P = .022). This study had a high Jadad score of 5 and 
low risk of bias according to the Cochrane risk of bias tool.

Melatonin. Melatonin is hypothesized to improve TD 
symptoms through detoxification of free radicals74 or due 
to its ability to reduce excitability of nigrostriatal neurons 
and to modulate dopaminergic neurotransmission in the 
rat striatum.79,80 Melatonin was evaluated in a double-blind, 
placebo controlled, crossover study design in 22 subjects for 
6 weeks.64 Compared with placebo, 10 mg/d of melatonin led 
to significant decrease in AIMS scores (2.45 ± 1.92),which 
was a large effect size. This study had a low risk of bias 
according to the Cochrane risk of bias tool and had the 
highest possible Jadad score of 5.

Piracetam. Piracetam is hypothesized to reduce TD 
symptoms due to its antioxidant properties or through its 

ability to increase the acetylcholine receptor 
density.81–83 A 4-week, double-blind, placebo-
controlled, crossover study62 was conducted 
to examine the effects of a piracetam trial 
(4,800 mg/d) on the TD symptoms. Symptoms 
of TD during piracetam treatment improved, 
decreasing by 3 points, while in the placebo 
group the symptoms deteriorated, decreasing 
by 0.2 points. This study had a low risk of bias 
according to the Cochrane risk of bias tool 
and had a high Jadad score of 4.

Insulin. It can be argued that dopaminergic 
hypersensitivity is due to energy-dependent 
processes such as dopamine receptor 
synthesis and that a reduction in glucose 
availability with insulin would target the 
metabolically hyperactive structures in 
TD.63 A placebo-controlled, randomized, 
double-blind, parallel-group study63 tested 
the efficacy of a total of 20 subcutaneous, 10 
units standard insulin injections in 90 days. 
Ten subjects received insulin and 10 received 

placebo, and statistical analysis, performed using analysis of 
variance tests for repeated measures, validated the effect of 
insulin at P < .001 (F value = 24.53), whereas no statistically 
significant change was found in the placebo-treated group 
(F value = 1.81). This trial was associated with a low risk of 
bias according to the Cochrane risk of bias tool and had a 
high Jadad score 4.

Ceruletide. Animal studies84 have revealed that ceruletide 
may have central effects on dopaminergic neurons such as 
the suppression of intracerebral dopamine metabolism in the 
rat caudate nucleus and putamen; these effects may explain 
its usefulness in the treatment of TD and related movement 
disorders. A double-blind, placebo-controlled, matched-
pairs study design61 was used to evaluate the effectiveness of 
8 weeks of once-weekly intramuscular injection of ceruletide 
(0.8 pg/kg) in TD treatment. Analyses were performed on 
the 33 pairs; a moderate-to-marked improvement rate of 
42.4% was found in the ceruletide group as compared with a 
9.1% improvement rate in the placebo group. This study had 
a moderate risk of bias and authors did not provide enough 
information on allocation concealment and the incomplete 
outcome data.

Reserpine and α-methyldopa. Dopamine-depleting effects 
of reserpine and dopa-decarboylase inhibitory function of 
α-methyldopa suggest that these medications may improve 
TD symptoms.85,86 Thirty subjects participated in a double-
blind, controlled, randomized study60 comparing reserpine 
(doses of 0.75–1.5 mg daily), α-methyldopa (doses of 750–
1,500 mg daily) and placebo. The Duncan’s Multiple Range 
Comparison test of the response scores for the 3 medications 
(the mean response scores for α-methyldopa, reserpine, and 
placebo groups were 1.7, 1.5, and 0.6, respectively) showed 
that α-methyldopa and reserpine equally improved the 
symptomatology of TD compared to placebo. This study 
had moderate risk of bias according to the Cochrane risk of 
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Figure 4. Measured Efficacy of Pharmacologic Agents for Tardive Dyskinesia in Randomized, Placebo-Controlled Trialsa

Agent                             Effect Size (95% CI) P Value No. of Studies No. of Subjects I2

Vitamin E 58
0.31 (0.16 to 0.46) < .001 15 502

Vitamin B6 0
1.41 (0.98 to 1.85) < .001 2 51

VMAT2 Inhibitors 43.58
Deutetrabenazine 0.40 (0.04 to 0.77) .03 1 117

Valbenazine 0.72 (0.44 to 0.99) < .001 1 225

Tetrabenazine 3.23 (1.12 to 5.33) .002 1 4

Amantadine 0
0.46 (0.05 to 0.87) .03 3 47

Calcium Channel Blockers 90.42
Nifedipine 4.38 (1.83 to 6.94) < .001 1 4

Diltiazem 0.03 (−0.13 to 2.57) .94 1 17

Other Agents
α-Methyldopa 0.07 (−0.81 to 0.95) .88 1 20

Biperiden 0.91 (−0.07 to 1.88) .07 1 18

Ceruletide 1.10 (0.34 to 1.86) < .001 1 66

Clonazepam 0.65 (−0.01 to 1.30) .05 1 19

Conjugated estrogens 1.22 (−0.13 to 2.57) .08 1 10

Ethyl-EPA 0.01 (−0.44 to 0.45) .98 1 77

Galantamine 0.13 (−0.34 to 0.59) .6 1 32

Ginkgo biloba 0.73 (0.41 to 1.06) < .001 1 157

Insulin 1.27 (0.31 to 2.23) .01 1 20

Levetiracetam 0.96 (0.38 to 1.55) < .001 1 50

Melatonin 1.07 (0.44 to 1.70) < .001 1 22

Naltrexone 0.18 (−0.40 to 0.76) .52 1 21

Piracetam 0.64 (0.13 to 1.15) .01 1 31

Reserpine 0.07 (−0.81 to 0.95) .88 1 30

Selegiline 0.73 (0.03 to 1.44) .04 1 28

Sulpiride 0.77 (0.19 to 1.35) .01 1 15

	 −1	 0	 4
	 Standard Difference in Means

aThis figure depicts the summary effects of all pharmacologic agents that have been used to treat tardive dyskinesia in randomized,  
placebo-controlled trials.

Abbreviations: EPA = ethyl-eicosapentaenoic acid, VMAT2 = vesicular monoamine transporter 2.

bias tool: incomplete outcome data were not addressed, and 
random sequence generation and allocation concealment 
were unclear.

Sulpiride. Sulpiride was investigated in a single blind, 
crossover, placebo-controlled study in 15 subjects.65 It was 
found that 600 mg/d of sulpiride treatment led to significantly 
lower TD scores (P < .01) than placebo treatment.65 This study 
had a low Jadad score of 2 and a high risk of bias according to 
the Cochrane risk of bias tool as only the participants were 
blinded and randomization procedure was unclear.

Conjugated estrogens. Previous animal studies and 
hormonal studies in female schizophrenia patients suggest 
estrogen has different effects on dopamine dynamics in the 
mesolimbic and mesostriatal pathways.87,88 A randomized, 
placebo-controlled, double-group study57 tested the effect of 

estrogen replacement therapy in TD in a limited sample of 10 
post-menopausal women. After 3 weeks of treatment, AIMS 
score decreased by 38% in the estrogen group and by 9% in 
the placebo group and did not reach statistical significance. 
This study was associated with a moderate risk of bias as 
randomization; allocation concealment was unclear, the 
small sample size and the imbalance between groups in 
baseline AIMS scores are other limitations of this trial.

Ethyl-EPA. Impaired phospholipid metabolism in 
schizophrenia has been proposed, thus omega-3 fatty acids, 
EPA in particular, may have an effect on this impairment 
and improve the TD symptoms in this population.56,89 
Ethyl-EPA was evaluated in a 12-week, double-blind, 
randomized study56 of ethyl-EPA 2 g/d versus placebo as 
supplemental medication in 77 subjects. Response rates 
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(≥ 30% improvement in TD symptoms) also did not differ 
significantly between EPA-treated subjects (45%) and 
placebo-treated subjects (32%) (P = .6). This study was of 
good methodological quality with the highest possible Jadad 
score of 5 and low risk of bias as per the Cochrane risk of 
bias tool.

Galantamine. Chronic dopamine blockade due to 
antipsychotic use causes excitotoxicity and neurodegeneration 
of cholinergic neurons in rats. Therefore, it has been 
proposed that cholinesterase inhibitors such as galantamine 
may compensate for the loss of cholinergic neurons and 
improve TD by enhancing synaptic cholinergic activity.55,56,90 
A 30-week randomized, double-blind, placebo-controlled 
crossover trial of galantamine (8–24 mg) was conducted 
in 35 male patients with TD.55 Galantamine reduced mean 
total Abnormal Involuntary Movement Scale (AIMS) scores 
more than placebo, but this difference was not statistically 
significant. This study had low risk of bias; however, authors 
did not provide enough information on random sequence 
generation and allocation concealment.

Naltrexone and clonazepam. Based on the known 
role of striatopallidal enkephalinergic neurons in basal 
ganglia function, investigators have hypothesized a 
therapeutic potential for enkephalinergic opiate antagonism 
by naltrexone. Colocalization of γ-aminobutyric acid 
(GABA) and enkephalin in the basal ganglia suggests that 
a low dose of a GABA agonist, a benzodiazepine such as 
clonazepam, may augment the effects of naltrexone in 
hyperkinetic movement disorders.59,91 In 2 double-blind, 
placebo-controlled, randomized, crossover trials,59 effects 
of naltrexone (200 mg/d) alone (n = 9) and naltrexone in 
combination with clonazepam (0.25 to 0.5 mg;  n = 14) were 
tested on TD. There were no significant effects of naltrexone 
alone (mean ± SD decrease in TD score, 0.1 ± 4.8) or low dose 
of clonazepam on TD, but the addition of naltrexone to 
clonazepam significantly improved TD (mean ± SD decrease 
in TD score, 4.0 ± 3.6). This study had moderate risk of bias 
due inadequate information on randomization process and 
blinding of outcome assessment.

A 12-week double-blind, placebo-controlled, crossover 
study70 in 19 patients with TD revealed that 4.5 mg/d of 
clonazepam treatment alone reduced dyskinesia scores by 
37.1% in the patient group overall, an effect that was reversed 
during placebo administration. This study had low risk of 
bias; however, authors did not provide enough information 
on random sequence generation and allocation concealment.

Selegiline. Selegiline may improve TD symptoms due to its 
powerful antioxidant properties as established by increased 
levels of the antioxidant enzyme superoxide dismutase in rat 
striatum after selegiline use and reduction of oxidative stress 
by selegiline in rats that were treated with haloperidol.92,93 
Twenty-eight patients with TD were randomly assigned 
to selegiline (10 mg/d) or placebo groups for a period of 6 
weeks.58 A clinically significant improvement in the total 
AIMS score, defined as an improvement of 50% or greater, 
was observed in 5 patients (31%) receiving placebo and only 
1 patient (8%) receiving selegiline. This study had moderate 

risk of bias; random sequence generation and allocation 
concealment were unclear.

DISCUSSION

This systematic review showed that several agents have 
demonstrated efficacy compared to placebo and are very 
likely effective in the treatment of TD. VMAT2 inhibitors, 
vitamin E, vitamin B6, and amantadine have demonstrated 
benefit compared to placebo in multiple controlled trials. 
The trials of the VMAT2 inhibitors appear to demonstrate 
a substantial benefit compared to placebo in single, well-
conducted randomized controlled trials and appear to 
have a medium-to-large treatment effect when compared 
to placebo. Vitamin E is by far the most studied agent in 
treating TD and demonstrated a modest benefit compared 
to placebo. However, there was strong evidence of publication 
bias within the vitamin E trials. Also present was a negative 
association between the measured efficacy of vitamin E and 
the dose and duration of treatment. These findings suggest 
that even the modest benefit of vitamin E in the published 
literature may be overstated. Two vitamin B6 trials suggested 
a large treatment benefit compared to placebo, but these were 
single site studies conducted by the same group. Additional 
trials are needed to replicate the initial positive findings with 
regard to vitamin B6.

Vitamin E is the most studied agent in randomized, 
controlled trials on the treatment of TD. It may improve TD 
symptoms due to its antioxidant properties.94 In randomized 
trials, vitamin E was associated with a medium-to-large 
treatment benefit when compared to placebo. However, 
several factors suggest the benefits of vitamin E for TD may 
be overstated. Firstly, most of the studies with vitamin E were 
of poor quality, with 8 trials having a Jadad score of 3 or 
less. This meta-analysis also found considerable publication 
bias, suggesting that the efficacy finding on vitamin E in TD 
may be overstated in the literature. Additionally, there was a 
significant negative association between measured efficacy of 
vitamin E and the dosage and duration of use.

Vitamin B6 may improve TD as a free radical scavenger, 
similar to vitamin E.95 Vitamin B6 serves as a cofactor in the 
enzymatic decarboxylation of dopa to dopamine and other 
metabolic transformations including γ-aminobutyric acid 
and serotonin.96,97 Two double-blind, randomized trials41,42 
on vitamin B6 were conducted by the same research group, 
demonstrated a large benefit of this compound compared 
to placebo. The first study was associated with a high risk of 
bias, and the second study had low risk of bias according to 
the Cochrane risk of bias tool. The articles failed to provide 
the details regarding randomization, and it was unclear if 
blinding was maintained during outcome assessment in one 
of the studies.42 Further replication of these initial promising 
trials is needed.

Strong evidence exists for the efficacy of VMAT2 
inhibitors, valbenazine and deutetrabenazine, as these 
agents demonstrated moderate effect size. The 2 trials40,43 
on VMAT2 inhibitors were of high quality (Jadad score = 5). 



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e10     J Clin Psychiatry 81:4, July/August 2020

Artukoglu et al

The trial on valbenazine also suggested that it may have 
dose-related effects on efficacy.40 Although the number of 
trials investigating these medications is low, the trials include 
large study samples and are of higher quality compared to 
other studies examining TD. Open label and non–placebo 
controlled trials on tetrabenazine and the RCT included in 
this meta-analysis support the efficacy of this medication 
class in TD.69,98 VMAT2 inhibitors are hypothesized to 
improve TD by decreasing dopamine output.

TD is hypothesized to result from the up-regulation 
and sensitization of D2 receptors after prolonged blockade 
by antidopaminergic medications.17 This supersensitive 
state in the striatum may result in abnormal involuntary 
hyperkinetic movements. This hypothesis is supported 
by the clinical observation that increasing dopaminergic 
blockade can suppress TD temporarily.99 Decreasing 
dopamine output may be a way to therapeutically target 
this mechanism and decrease abnormal motor movements. 
This decreased output can be achieved by the vesicular 
monoamine transporter type 2 inhibitors, which can reduce 
dopamine storage in vesicles and its release, which in turn 
curtails the hypothetical overstimulation of supersensitive 
D2 dopamine receptors in the striatum.100

Three randomized, controlled trials66,72,73 with a 2-week 
treatment duration, examined different doses of amantadine 
(maximum daily doses of 100 mg, 200 mg, and 300 mg) in 
TD treatment. This meta-analysis revealed that the standard 
mean difference of improvement with amantadine compared 
to placebo was statistically significant. All 3 amantadine 
studies had moderate risk of bias due to vaguely described 
randomization and blinding processes. It is unclear 
how anticholinergic drugs may improve TD symptoms. 
Contrary to the proposed treatment of TD, most studies in 
the literature have attempted to demonstrate an association 
between anticholinergic drug use and an increase in the 
incidence of TD. However, animal studies so far have not 
revealed an association between anticholinergic use and 
dopamine supersentivity.101

There are several limitations present in our meta-analysis. 
For all agents and medication classes other than vitamin E, 
there were very few trials available. The limited number 
of trials prevented us from investigating publication bias, 
heterogeneity, or moderators of treatment effect in these 
medications. Analysis of the vitamin E trials suggested that 
there may be significant issues with publication bias and 
heterogeneity in the literature.

A review of the clinical trials in TD reveals different 
levels of evidence for the medications that were found to 
improve TD symptoms in this meta-analysis and systematic 
review, which we now present in a hierarchical order: Strong 
evidence exists for the VMAT2 inhibitors valbenazine 
and deutetrabenazine, which were found to improve TD 
symptoms in double-blind, appropriately powered and 
randomized, placebo-controlled trials. There is moderate 
evidence from a single, double-blind RCT each for both 
Ginkgo biloba and clonazepam in the treatment of TD. 
Conflicting results from RCTs reveal weak evidence for the 

use of vitamin E in TD treatment. Evidence of publication 
bias and a significant negative association of dose and 
duration of treatment with measured efficacy also suggest 
that the benefits of vitamin E in TD may be overstated in the 
published literature. Weak evidence exists for amantadine 
from RCTs, with small sample sizes and considerable 
risk of bias as per the Cochrane risk of bias tool, which 
reported TD improvement with amantadine when used 
conjointly with neuroleptics. There is insufficient evidence 
for the efficacy of vitamin B6 from 2 RCTs from the same 
group with limited sample size and significant risk of bias. 
There is insufficient evidence for several compounds that 
were examined in a single, double-blind RCT each such as 
levetiracetam, melatonin, piracetam, and reserpine. Positive 
efficacy outcomes were reported for following medications 
that were also examined in a single study each, albeit with 
smaller sample size and/or higher risk of bias: sulpiride, 
ceruletide, insulin, biperiden, conjugated estrogens, and 
α-methyldopa.

The American Academy of Neurology (AAN) published 
a guideline in 2013102 that reported moderate evidence 
for Ginkgo biloba and clonazepam and weak evidence 
for amantadine and dopamine depleters and insufficient 
evidence for the use of vitamin E and vitamin B6 for the 
treatment of tardive syndromes. Recommendations 
regarding the use of dopamine depleters should be 
reconsidered in light of the more recent RCT findings on 
valbenazine and deutetrabenazine. Findings on amantadine, 
Ginkgo biloba, and clonazepam have not received further 
investigation, and replication studies with rigorous scientific 
methodology are needed. Botulinum toxin and deep brain 
stimulation, which improved TD symptoms in case reports 
and uncontrolled studies, were found to have insufficient 
evidence as per the AAN guideline. They have not since been 
examined in controlled, randomized trials. The guideline 
reports insufficient evidence for vitamin E and vitamin 
B6. Large head-to-head placebo-controlled trials between 
FDA-approved agents for TD and vitamin E and vitamin 
B6 would be useful in determining the most efficacious and 
most cost-effective treatments for TD. Melatonin, piracetam, 
levetiracetam, and reserpine, which have shown benefit in 
higher-quality, decently powered individual studies and 
have a plausible biologic rationale, probably deserve further 
examination in larger, placebo-controlled clinical trials.
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