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Tardive Dyskinesia Prevalence in the  
Period of Second-Generation Antipsychotic Use:
A Meta-Analysis
Maren Carbon, MDa,‡; Cheng-Hsi Hsieh, MDb,‡; John M. Kane, MDa,c,d; and Christoph U. Correll, MDa,c,d,‡,*

ABSTRACT
Objective: Comparison of tardive dyskinesia (TD) prevalence during 
contemporaneous treatment with first-generation antipsychotics (FGAs) 
and/or second-generation antipsychotics (SGAs).

Data Sources: PubMed/MEDLINE/Google Scholar search (January 1, 2000–
September 30, 2015) without language restriction using (tardive dyskinesia 
OR tardive) AND (antipsychotic*) plus specific names of SGAs.

Study Selection: Of 8,895 hits, we screened 203 full-text articles for cross-
sectional, rating scale–based TD rates during SGA, FGA, or FGA+SGA 
treatment. Forty-one studies were used for random effects meta-analysis 
and meta-regression.

Data Extraction: Two authors independently extracted data on overall and 
antipsychotic class–wise TD rates and on TD moderators.

Results: The global mean TD prevalence was 25.3% (95% CI = 22.7%–28.1%) 
across all 41 studies (N = 11,493, mean age = 42.8 years, male = 66.4%, 
schizophrenia-spectrum disorders = 77.1%). TD prevalence varied greatly: 
Rates were lower with current SGA treatment (20.7%; 95% CI = 16.6%–
25.4%, N = 5,103) vs current FGA treatment (30.0%; 95% CI = 26.4%–33.8%, 
N = 5,062; Q = 9.17, P = .002). This difference remained significant after 
controlling for moderators: higher age (Z = 2.85, P = .004; number of 
studies = 39 ) and region (39 studies; Asia vs Europe, Z = 1.55, P = .12; Asia 
lower than United States, Z = 2.6, P = .009; Asia lower than other regions, 
Z = 2.42, P = .015). Additional moderators of TD prevalence included longer 
illness duration (R2 = 0.15; P = .03; 21 studies) and frequency of parkinsonism 
(R2 = 0.23, P = .017; number of studies = 19). Particularly low TD prevalence 
(7.2%; number of studies = 4) was found in the treatment arms with FGA-
naive subjects relative to SGA-treated cohorts with likely prior FGA exposure 
(23.4%; P < .001; 28 studies). Lower TD prevalence of SGA relative to FGA was 
also confirmed in the subgroup of studies reporting on ≥ 2 antipsychotic 
classes/combinations; this was found for both SGAs vs FGAs (risk ratio = 0.80; 
95% CI = 0.67–0.95, Z = −2.55, P = .011) and FGA + SGA vs FGAs (risk 
ratio = 0.80, 95% CI = 0.71–0.90, Z = −3.56, P < .001). Reports on TD severity, 
provided by 10 studies, were of insufficient quality for meta-analysis.

Conclusions: Rating scale–based TD remains highly prevalent, with higher 
rates during FGA than during SGA treatment. However, TD severity was 
insufficiently reported to allow for interpretation of the clinical impact of 
identified TD cases with SGAs and FGAs. Reasons for high geographical 
variation warrant future research.
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Tardive dyskinesia (TD) is a movement disorder 
characterized classically by involuntary, 

repetitive orofacial movements, often accompanied 
by choreiform movements of the upper extremities. 
Other tardive syndromes, such as dystonia, akathisia, 
tics, tremor, or myoclonus, may occur alone or 
coexist with the dyskinetic movements.1 While many 
patients with TD are not aware of their condition,2 
severe tardive syndromes reduce quality of life,3 lead 
to functional impairment,4 and are often difficult to 
treat.1 All dopamine-receptor blocking agents can 
cause TD, but antipsychotic exposure is the most 
frequently associated etiology.5

TD incidence reported for first-generation 
antipsychotics (FGAs) reached up to 49% for 10-year 
exposure to FGAs.6 In analogy to pathophysiologic 
concepts of other dyskinesias that were primarily 
centered on dopaminergic neurotransmission,7 
second-generation antipsychotics (SGAs) were 
thought to carry only a limited TD risk. Moreover, 
with TD risk estimates for SGAs being one fifth or 
less of the FGA risk, TD was even expected to be 
“eliminated.”8 This expectation was based on (1) 
low rates of early parkinsonism with SGAs,9 (2) the 
reduced risk of treatment-emergent probable TD in 
early randomized controlled studies,10 and (3) the 
potential of SGAs to reduce symptoms of TD due to 
FGA exposure (either when switched to an SGA or 
when an SGA is added on to FGAs).11

In an overview on TD prevalence in studies 
published between 2004 and 2008, TD prevalence 
was 13.1% for SGAs and 32.4% for FGAs.12 
Nevertheless, conflicting data have been published 
since. Surprisingly, in a representative US-based 
cohort study of psychiatric outpatients, with a 
median observation time of 2.5 years rates of incident 
persistent TD for FGAs and SGAs did not differ.13 
Moreover, the expected SGA-mediated reduction 
of TD rates was found neither in the UK-based 
Cost Utility of the Latest Antipsychotic Drugs in 
Schizophrenia Study (CUtLASS-1)14 nor in the 
US-based Clinical Antipsychotic Trials of Intervention 
Effectiveness (CATIE), but methodological issues 
could have accounted for this unexpected finding.15 
One explanation for this lack of advantage of SGAs 
in current treatment regimens is the use of higher 
than currently recommended doses of FGAs as 
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comparators in earlier clinical trials.10,16 Additionally, 
however, randomized controlled trials (RCTs) increasingly 
focus exclusively on metabolic side effect screening,17 are 
generally short, have stopped using FGA comparators, and 
include restricted populations. The latter aspect supports 
a lopsided perspective, ignoring severely affected subjects, 
who are not able to consent and participate in RCTs but who 
may be most vulnerable to TD. Thus, the preponderance 
of RCT data in decision-making processes bears the risk of 
an underestimate of TD. Therefore, prevalence studies in 
unselected, representative cohorts of real-world psychiatric 
patients are valuable to assess whether TD currently remains 
a clinically relevant issue and whether RCT results, showing 
minimal TD risk with SGAs or comparable TD risk with 
SGAs and FGAs, translate into usual care settings.

To assess the burden of TD in the psychiatric population 
and to compare TD prevalence in psychiatric groups with 
current FGA or SGA treatment, we searched for studies 
published since 2000. We focused on this period to exclude 
earlier studies during the era of high-dose FGA use. We 
included all studies that reported cross-sectional TD 
rates based on standardized TD ratings in clinical cohorts 
treated with FGAs, SGAs, or both and collected studywise 
information on potential TD moderators. Due to the cross-
sectional nature of prevalence studies, a single examination 
was typically used in unselected hospital or outpatient 
groups, which did not allow for estimates of persistent tardive 
dyskinesia, but rather only of probable tardive dyskinesia.

As prevalence studies are not suited for a comprehensive 
risk estimate, future articles will address TD incidence data.

METHODS

Literature Search
Two authors (C.-H.H., M.C.) independently conducted 

a PubMed/MEDLINE/Google Scholar search without 
language restriction for studies published 2000–2015 

(last search update September 30, 2015) reporting on 
TD prevalence in patients receiving FGAs, SGAs, or 
their combination. The year 2000 was chosen as the limit 
since the TD risk of SGAs was recognized by that time 
due to accumulating case reports.18,19 The following 
search terms were used: (tardive dyskinesia OR tardive) 
AND (antipsychotic* OR neuroleptic* OR risperidone OR 
olanzapine OR aripiprazole OR quetiapine OR perospirone 
OR ziprasidone OR clozapine OR amisulpride OR asenapine 
OR lurasidone OR iloperidone OR blonanserin OR clothiapine 
OR iloperidone OR lurasidone, mosapramine OR paliperidone 
OR remoxipride OR sertindole OR sulpiride OR tiapride 
OR chlorpromazine OR thioridazine OR mesoridazine 
OR loxapine OR molindone OR perphenazine, thiothixene 
OR trifluoperazine OR haloperidol OR fluphenazine OR 
droperidol OR zuclopenthixol, pimozide OR flupenthixol OR 
prochlorperazine). The electronic search was complemented 
by a manual search of reference lists of eligible articles and 
reviews and of websites of leading psychiatric journals to 
include conference contributions. Whenever data needed 
for the meta-analysis were missing, we contacted authors 
for additional information.

Inclusion Criteria
We included studies that (1) provided cross-sectional data 

from ≥ 15 FGA-, SGA-, or FGA + SGA-treated subjects to 
avoid the inclusion of case series and (2) used a standardized 
rating scale to evaluate TD. No age or language restrictions 
were applied. To correctly reflect the point prevalence in 
the psychiatric population exposed to antipsychotics, the 
recruitment strategy had to explicitly state that a clinical/
usual care sample was assessed. We excluded all studies of 
enriched samples.

Data Extraction
Two authors (C.-H. H., M.C.) independently checked 

eligibility and extracted data. Any disagreement was resolved 
by discussion. From prospective studies, only baseline data 
were included.

In addition to overall and antipsychotic class–wise TD 
rates, we extracted publication year, study design, and 
geographic region; patient sex, age, and race; and clinical 
diagnoses, illness duration, comorbid parkinsonism, 
chlorpromazine equivalent dose, prior FGA exposure, TD 
rating scale, diagnostic TD criteria, and TD severity.

Statistical Analysis
For each study (and analogously for each treatment 

group), prevalence was computed as the ratio of TD cases 
to sample size.

We conducted 2 sets of analyses. For the first set, we 
extracted data for 33 FGA groups, 12 FGA + SGA groups, 
and 28 SGA groups, treating them as independent of each 
other. Then we compared the prevalence across treatment 
groups using subgroup comparisons and meta-regression. 
Univariate regression analyses were calculated for relevant 
variables that could be obtained from > 10 studies. A 
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 ■ Evidence regarding rates of tardive dyskinesia (TD) in 
current real-world care is conflicting. Although TD rates 
were expected to drop dramatically with the broad 
use of second-generation antipsychotics (SGAs), some 
studies found similar rates for SGA or first-generation 
antipsychotic (FGA) users.

 ■ Our meta-analysis of studies that used systematic 
screening for TD demonstrated that one-third of patients 
currently treated with FGAs and one-fifth of patients 
currently treated with SGAs showed at least mild TD. The 
latter observation seemingly contrasts with the clinical 
perception of TD as a rare side effect. Indeed, research 
criteria for TD do not reflect the subjective burden of 
TD, but signal the start of a potentially irreversible, 
stigmatizing disorder.

 ■ Physicians should screen regularly for signs of TD in order 
to modify treatment prior to development of the full-
blown clinical picture of TD.
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multivariable analysis was performed including significant 
moderators, which were available for the majority of studies 
(> 35).

For the second analysis set, we limited the analyses to 
studies that included ≥ 2 antipsychotic treatment groups 
(FGAs, SGAs, FGA + SGA) and thus had the advantage of 
assessing different treatments with the same methodology 
in the same environment. In this subset, we computed the 
relative risk (RR) of TD as a function of drug class.

All analyses used a random effects model20 and were 
2-sided, with α = .05. Data were analyzed with Comprehensive 
Meta-Analysis Version 3 (http://www.meta-analysis.com).

To identify potential moderators of TD prevalence, 
subgroup and meta-regression analyses were conducted 
with the following study-level characteristics: patient source, 
study design, TD rating scale, diagnostic criteria for TD, 
geographic region (for subgroup comparisons); and mean 
age, male sex percentage, Caucasian percentage, illness 
duration, parkinsonism comorbidity percentage, percentage 
of anticholinergic use, and publication year (for regression 
analyses).

RESULTS

Search Results
Of 8,895 hits in PubMed and Google Scholar, 203 full-text 

articles were screened, resulting in 41 articles that fulfilled 
all inclusion criteria (Figure 1).

Sample Characteristics
Study characteristics. Forty-one studies reporting on 

TD prevalence by drug class were included in the analysis 
(see Table 1 for details).13,21–60 In 13 studies, patients 

received FGAs at the time of TD screening*; in 5 studies, 
SGAs34,35,47,49,54; the other studies included more than 1 
treatment group, resulting in a total of 73 treatment arms 
(33 FGA arms [N = 5,062], 28 SGA arms [N = 5,103], 12 
FGA + SGA arms [N = 1,328]). The vast majority of studies 
did not provide specific TD rates per individual antipsychotic 
agent (as opposed to antipsychotic class).

Thirty-one studies were cross-sectional (N = 6,422),† 
and 10 represented baseline information of prospective 
studies (N = 5,071),‡ including the baseline information of 3 
randomized22,30,50 and 7 nonrandomized trials.13,23,24,27,32,36,47 
Additional information exceeding published data was 
provided from the authors for 12 studies.§

The mean chlorpromazine equivalent dose of FGA 
treatment was 440 mg/d (range, 264–676 mg/d) in 9 of 33 
studies reporting TD rates for FGAs.¶ There were insufficient 
data on SGA doses.

Patient characteristics. The 41 studies included 11,493 
patients (mean age = 42.8 years [39 studies21–52,54–60], 
male = 66.4% [39 studies21–52,54–60], Caucasian = 40.2% [32 
studies**]). Two studies35,59 included youth (N = 211; mean 
age = 15.3 years), 12†† included only adults (N = 2,592;  
mean age = 39.6 years), and the remaining 27 studies 
consisted of both adult and elderly subjects. Altogether, 
15 studies‡‡ included inpatients, 726,30,42,45,54,58,59 included 
outpatients, and the remaining 19 studies consisted of both 

*References 25,27–30,33,37,41,42,44,45,52,55
†References 21,25,26,28,29,31,33–35,37–46,48,49,51–60
‡References 13,22–24,27,30,32,36,47,50
§References 13,23,24,31,32,35,39,41,43,44,46,57
¶References 28,29,37,41,51,52,55,57,58
**References 21–27,29–31,34,36,37,39–50,52,54,56–60
††References 22,25,43,44,47,48,50,53–55,58,60
‡‡References 24,27–29,34,35,37,41,43,44,48,51,53,57,60

Figure 1. Data Search Flowchart
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inpatients and outpatients or did not specify the setting. 
Thirty studies* included predominantly patients with 
schizophrenia-spectrum disorders (N = 8,866, 77.1%). The 
other 11 studies included subjects with various psychiatric 
diagnoses (N = 2,627, 22.9%).

Screening Scales and Definitions  
for Tardive Dyskinesia

As per inclusion criteria, all studies used a standardized 
TD rating scale. The majority of studies (36 studies = 87.8%) 
used the Abnormal Involuntary Movement Scale (AIMS; 
Table 1). Less frequently used scales included the 
Extrapyramidal Symptom Rating Scale,36,49 Involuntary 
Movement Scale,53,59 and the dyskinesia subscale of the 
Matson Evaluation of Drug Side Effects34 (see Table 1). 
Thirty studies used Schooler-Kane criteria† to define TD, 
where probable TD is present when a score of 2 is noted in 
at least 2 items or when a score of > 2 (ie, 3 or 4) is noted 
in at least 1 item, and 3 used the minimally more inclusive 
Glazer-Morgenstern criteria13,52,58 (see Table 1).

Full Sample Analyses: Mean TD Prevalence  
and Modulators of Prevalence

The estimated weighted mean prevalence of TD across 
all treatment groups was 25.3% (95% CI = 22.7%–28.1%) for 
all 41 studies (73 treatment arms) including 11,493 subjects 
(Figure 2). However, there was substantial variation around 
this mean, including some strong outliers driven by the lack 
of prior FGA exposure (Figure 3). Extrapolating from all 
included studies and assuming that the TD prevalence is 
normally distributed (in logit units), we estimated that TD 
prevalence ranged from 8.5% in some populations to 75.3% 
in others. Some of this variation was associated with the 
moderators listed below.

Antipsychotic class. The estimated weighted mean TD 
prevalence differed significantly between antipsychotic 
classes (Q = 10.51, P = .005; number of treatment arms = 73). 
TD prevalence was significantly lower with SGAs (20.7%, 
95% CI = 16.6%–25.4%) compared with FGAs (30.0%, 95% 
CI = 26.4%–33.8%) (Q = 9.17, P = .002). TD prevalence 
was 22.7% (95% CI = 16.9%–29.6%) for the FGA + SGA 
cotreatment groups, which was not significantly different 
from FGAs (Q = 3.40, P = .07) or SGAs (Q = 0.26, P = .61). 
While the mean prevalence varied by group, there was 
substantial variation within groups and overlap across 
groups (Figure 2).

Other clinical parameters. TD prevalence increased with 
mean age (R2 = 0.173, P = .0037; number of studies = 39). 
Higher TD prevalence was associated with longer psychiatric 
illness duration (mean duration = 18.7 years, R2 = 0.154, 
P = .034; number of studies = 21) and baseline parkinsonism 
rates (R2 = 0.226, P = .017; number of studies = 19). Higher 
TD prevalence was near-significantly associated with 
Caucasian race (R2 = 0.078, P = .053; number of studies = 32).

*References 21–23,25,26,28–30,33,35–50,54–58
†References 29–39,41–46,48–51,53,54,56,57,60

Data on dosage were available only for 9‡ of 33 FGA 
studies (mean chlorpromazine equivalent = 440 mg/d). The 
TD prevalence in these studies did not differ significantly 
from that of the other 24 studies,§ which did not provide 
dosage information (30.2% vs 29.9%, P = .96). Moreover, TD 
prevalence still differed significantly between the 9 studies 
of FGAs with available dosage information and the studies 
reporting on SGAs (Q = 4.75, P = .029).

Among 28 SGA arms,¶ only 421,49,54,59 specified TD 
rates in patients who had not been treated previously with 
FGAs. The TD prevalence was significantly lower in patients 
without prior FGA use (7.2%; 95% CI = 3.4%–14.5%. vs 
23.4%; 95% CI = 18.8%–28.7%; P < .001; Figure 3).

Additionally, 8 of 41 studies included only patients treated 
with a stable antipsychotic dose for ≥ 3 months prior to 
study entry or with the same type of antipsychotic since the 
first episode or for the previous year.25,26,28,41,45,49,54,57 TD 
prevalence in these studies did not differ from the remaining 
33 studies that did not restrict inclusion in this way (23.5% 
vs 24.8%; P = .79).

No significant effect on TD prevalence rates was found for 
the variables sex (P = .52; number of studies = 39), concurrent 
anticholinergic use (P = .48; number of studies = 21), and 
treatment setting (P = .66; number of studies = 29).

Data on TD severity were provided in very heterogeneous 
formats, which did not allow for the use of this variable in 
the meta-analysis. Five studies provided mean total AIMS 
scores (sum of items 1–7) per treatment arm regardless of 
TD presence, a reporting format that does not allow for an 
estimate of the severity of affected subjects, unless affected 
subjects dominate the group (mean global AIMS total 
score = 2.9 ± 0.83; 95% CI = 1.3–4.6).22,27,32,51,55 Five other 
studies36,49,50,53,54 provided severity information on TD in 
affected subjects, regardless in part, however, of current AP 
treatment. These latter studies reported mild to moderate 
TD severity for a combined group of FGA- or SGA-exposed, 
TD-affected subjects (n = 64,53 n = 13236) as well as for the 
TD cases related to clozapine exposure (mean AIMS total 
score = 4.75; n = 449 and mean AIMS total score = 6; n = 454). 
The mean AIMS total score of 7.6 for the TD-affected 
subjects (FGA- and SGA-exposed) at baseline in the CATIE 
trial clustered slightly more toward the moderate side of that 
generally mild-to-moderate range.50

Geographical region. TD prevalence differed 
significantly among the major geographical regions 
(Q = 11.91, P = .008; number of studies = 41): 17.3% in Asia 
(95% CI = 12.0%–24.2%; number of studies = 12), 22.3% in 
Europe (95% CI = 16.5%–29.5%; number of studies = 12), 
31.3% in the United States (95% CI = 25.8%–37.3%; number 
of studies = 11), and 31.8% in the other parts of the world 
(Australia, Africa, Middle East) (95% CI = 23.0%–42.1%; 
number of studies = 6).

Study design. Study design characteristics did not 
significantly moderate TD prevalence. This included general 

‡References 28,29,37,41,51,52,55,57,58
§References 13,21–27,30,31,33,36,38,40,42–46,48,50,53,56,60
¶References 13,21–24,26,31,32,34–36,38–40,43,46–51,53,54,56–60
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aReferences 13, 21–60.

Figure 2. Overall Tardive Dyskinesia (TD) Prevalence in 41 Studies, Additionally Grouped by Antipsychotic Class 
(73 Treatment Arms), With Lower Rates in Second-Generation Antipsychotics (SGAs) Than in First-Generation 
Antipsychotics (FGAs)a

Group by 
Antipsychotic Types

Statistics for Each Study
Study Name Event Rate Lower Limit Upper Limit Event Rate and 95% CI Event

FGA Yoon 200460 0.038 0.014 0.096
FGA Leung 200348 0.065 0.038 0.108
FGA Guzey 200737 0.126 0.077 0.199
FGA Koola 201445 0.186 0.111 0.294
FGA Hsieh 201141 0.192 0.139 0.258
FGA Modestin 200051 0.197 0.137 0.275
FGA Hizeroth 200740 0.208 0.158 0.268
FGA Jaanson 200242 0.212 0.121 0.343
FGA Lee 201046 0.237 0.203 0.275
FGA Patterson 200552 0.240 0.165 0.335
FGA Bakker 201124 0.263 0.177 0.373
FGA Miller 200550 0.278 0.222 0.342
FGA Kim 200344 0.280 0.210 0.363
FGA Gharabawi 200536 0.292 0.235 0.357
FGA Adam 201422 0.309 0.202 0.442
FGA Janno 200443 0.316 0.224 0.427
FGA Achalia 201421 0.343 0.242 0.461
FGA Sejil 201355 0.350 0.280 0.428
FGA Covell 201230 0.355 0.246 0.481
FGA Souza 201056 0.368 0.282 0.463
FGA Ascher-Svanum 200823 0.369 0.336 0.403
FGA Sun 201357 0.376 0.310 0.448
FGA Chong 200229 0.386 0.348 0.426
FGA Brousse 200728 0.391 0.284 0.510
FGA Ross 200553 0.395 0.254 0.556
FGA Bhatia 200425 0.404 0.329 0.484
FGA Ellingrod 200233 0.405 0.261 0.568
FGA Halliday 200238 0.411 0.304 0.527
FGA Boke 200726 0.444 0.293 0.607
FGA Brar 200827 0.444 0.327 0.568
FGA de Leon 200731 0.444 0.240 0.670
FGA Woods 201013 0.459 0.381 0.540
FGA Sundram 200858 0.737 0.502 0.886
FGA 0.300 0.264 0.338
FGA+SGA Yoon 200460 0.054 0.017 0.153
FGA+SGA Hansen 201339 0.065 0.016 0.224
FGA+SGA Lee 201046 0.130 0.077 0.211
FGA+SGA Modestin 200051 0.148 0.057 0.335
FGA+SGA Wonodi 200759 0.162 0.075 0.317
FGA+SGA Eberhard 2006 32 0.167 0.064 0.369
FGA+SGA de Leon 2007 31 0.255 0.154 0.391
FGA+SGA Bakker 201124 0.276 0.176 0.404
FGA+SGA Ascher-Svanum 200823 0.280 0.243 0.321
FGA+SGA Sun 201357 0.298 0.185 0.442
FGA+SGA Woods 201013 0.422 0.320 0.530
FGA+SGA Ross 200553 0.457 0.302 0.621
FGA+SGA 0.227 0.169 0.296
SGA Li 200949 0.040 0.015 0.101
SGA Ryu 201554 0.050 0.019 0.126
SGA Gebhardt 200635 0.054 0.020 0.135
SGA Wonodi 200759 0.062 0.026 0.140
SGA Yoon 200460 0.080 0.047 0.133
SGA Leung 200348 0.083 0.021 0.279
SGA Hansen 201339 0.118 0.045 0.275
SGA Lee 201547 0.126 0.083 0.185
SGA Gharabawi 200536 0.129 0.097 0.170
SGA Miller 200550 0.131 0.109 0.157
SGA Eberhard 200632 0.144 0.094 0.215
SGA Lee 201046 0.153 0.102 0.224
SGA Achalia 201421 0.200 0.130 0.295
SGA Hizeroth 200740 0.231 0.108 0.428
SGA Ascher-Svanum 200823 0.235 0.207 0.266
SGA Bakker 201124 0.254 0.164 0.371
SGA Adam 201422 0.258 0.135 0.437
SGA Woods 201013 0.291 0.244 0.344
SGA deLeon 200731 0.312 0.270 0.357
SGA Sundram 200858 0.313 0.136 0.567
SGA Janno 200443 0.316 0.149 0.548
SGA Modestin 200051 0.318 0.198 0.468
SGA Boke 200726 0.321 0.229 0.430
SGA Souza 201056 0.385 0.299 0.480
SGA Ross 200553 0.392 0.291 0.504
SGA Sun 201357 0.407 0.371 0.444
SGA Fodstad 201034 0.422 0.349 0.498
SGA Halliday 200238 0.521 0.382 0.657
SGA 0.207 0.166 0.254

−1.00 –0.50 0.00 0.50 1.00
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aReferences 13, 21–24, 26, 31, 32, 34–36, 38–40, 43, 46–51, 53, 54, 56–60.
bFGA-naive subgroup. 

Figure 3. Tardive Dyskinesia Prevalence in 4 Second-Generation Antipsychotic (SGA) Treatment 
Arms Without Prior First-Generation Antipsychotic (FGA) Exposure Compared to the Remaining  
24 Treatment Arms in Which Prior FGA Exposure Was Not Specifieda

Group by Prior FGA use Study Name Event Rate Lower Limit Upper Limit Event Rate and 95% CI
No Li 200949 0.040 0.015 0.101
No Ryu 201554 0.050 0.019 0.126
No Wonodi 200759 0.062 0.026 0.140
No Achalia 201421,b 0.162 0.094 0.264
No 0.072 0.034 0.145
Unspecified Gebhardt 200635 0.054 0.020 0.135
Unspecified Yoon 200460 0.080 0.047 0.133
Unspecified Leung 200348 0.083 0.021 0.279
Unspecified Hansen 201339 0.118 0.045 0.275
Unspecified Lee 201547 0.126 0.083 0.185
Unspecified Gharabawi 200536 0.129 0.097 0.170
Unspecified Miller 200550 0.131 0.109 0.157
Unspecified Eberhard 200632 0.144 0.094 0.215
Unspecified Lee 201046 0.153 0.102 0.224
Unspecified Hizeroth 200740 0.231 0.108 0.428
Unspecified Ascher-Svanum 200823 0.235 0.207 0.266
Unspecified Bakker 201124 0.254 0.164 0.371
Unspecified Adam 201422 0.258 0.135 0.437
Unspecified Woods 201013 0.291 0.244 0.344
Unspecified de Leon 200731 0.312 0.270 0.357
Unspecified Sundram 200858 0.313 0.136 0.567
Unspecified Janno 200443 0.316 0.149 0.548
Unspecified Modestin 200051 0.318 0.198 0.468
Unspecified Boke 200726 0.321 0.229 0.430
Unspecified Souza 201056 0.385 0.299 0.480
Unspecified Ross 200553 0.392 0.291 0.504
Unspecified Sun 201357 0.407 0.371 0.444
Unspecified Fodstad 201034 0.422 0.349 0.498
Unspecified Halliday 200238 0.521 0.382 0.657

Unspecified 0.234 0.188 0.287

−1.00 –0.50 0.00 0.50  1.00

study design (baseline data from prospective clinical studies 
vs cross-sectional studies; P = .91; number of studies = 41), 
publication year (P = .53; number of studies = 41), concurrent 
reporting of TD prevalence in > 1 antipsychotic class vs 
single-class studies (P = .89; number of studies = 41), TD 
rating scale (AIMS vs non-AIMS; P = .48; number of 
studies = 41), TD diagnostic criteria (Schooler-Kane criteria 
yes vs no; P = .55; number of studies = 41), and sponsorship 
(industry vs nonindustry; P = .07; number of studies = 39).

Multivariable Model of TD Prevalence
A multivariable model was constructed to assess 

the independent effects of the main moderators on the 
difference in TD frequency between antipsychotic classes. 
The final model included significant moderators from the 
univariate analyses for which information was present from 
the majority of studies (R2 = 0.262; P = .0001; number of 
studies = 39; 67 treatment arms).

Significant moderators in this model included 
antipsychotic class (FGA, SGA, FGA+SGA), age, and region. 
Importantly, the discrimination of antipsychotic classes 
remained significant when controlling for the significant 
moderators age and geographical region (antipsychotic 
class: FGA vs SGA; Z = −2.09; P = .037; FGA vs FGA + SGA; 
Z = −2.12, P = .034; region: Asia vs Europe, Z = 1.55, P = .12; 
Asia vs United States, Z = 2.6, P = .009; Asia vs other parts of 
world, Z = 2.42, P = .015; age: Z = 2.85, P = .004).

When adding the variable study sponsorship that was 
near-significant in univariate analysis into the multivariable 
model, sponsorship remained nonsignificant (Z = 1.26, 
P = .21).

Studies Reporting TD Prevalence  
for ≥ 2 Antipsychotic Classes

In the 20 studies* that contained both SGA and FGA 
treatment groups, TD prevalence with SGAs was lower 
than with FGAs (25.3%, 95% CI = 20.3%–31.1% vs 30.1%, 
95% CI = 25.3%–35.4%; Z = −2.55, P = .011; Figure 4A). The 
mean RR was 0.80 (95% CI = 0.67–0.95) in favor of SGAs. 
However, there was substantial dispersion in the RRs, and 
the predicted RR in any single study could fall in the range 
of 0.41–1.55.

In the 9 studies† that included patients with FGA 
monotherapy and FGA+SGA combination, the TD 
prevalence was significantly lower for FGA + SGA (RR = 0.80; 
95% CI = 0.71–0.90, Z = −3.56, P < .001; Figure 4B). There 
was no evidence of dispersion in the effect size.

In the 12 studies‡ that included SGA monotherapy and 
FGA+SGA combination, there was no significant difference 
in TD prevalence. The mean risk ratio was 0.95 (95% 

*References 13,21–24,26,31,36,38,40,43,46,48,50,51,53,56–58,60
†References 13,23,24,31,46,51,53,57,60
‡References 13,23,24,31,32,39,46,51,53,57,59,60
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aReferences 13, 21–24, 26, 31, 36, 38, 40, 43, 46, 48, 50, 51, 56–58, 60. In cohorts that specified subgroups with 
different treatment conditions, tardive dyskinesia prevalence was significantly lower in SGAs relative to FGAs.

bReferences 13, 23, 31, 46, 51, 53, 57, 60. In cohorts that specified subgroups with different treatment conditions, 
tardive dyskinesia prevalence was lower in FGA + SGA vs FGAs.

cReferences 13, 23, 24, 31, 32, 39, 46, 51, 53, 57, 59, 60. In cohorts that specified subgroups with different 
treatment conditions, tardive dyskinesia prevalence was comparable in FGA + SGA vs SGAs.

Figure 4. Tardive Dyskinesia Prevalence in Studies Including More Than 1 Antipsychotic 
Treatment Group Corroborates Lower Rates With Second-Generation Antipsychotic (SGA) 
Treatment

Statistics for Each Study

Study Name Risk Ratio Lower Limit Upper Limit Z Value P Value Risk Ratio and 95% CI
Sundram 200858 0.424 0.195 0.920 −2.170 .030
Gharabawi 200536 0.442 0.312 0.626 −4.594 .000
Miller 200550 0.470 0.354 0.624 −5.210 .000
Achalia 201421 0.583 0.345 0.986 −2.011 .044
Woods 201013 0.634 0.496 0.810 −3.647 .000
Ascher-Svanum 200823 0.637 0.545 0.744 −5.684 .000
Lee 201046 0.646 0.424 0.985 −2.029 .042
de Leon 200731 0.702 0.411 1.199 −1.296 .195
Boke 200726 0.722 0.445 1.171 −1.319 .187
Adam 201422 0.835 0.408 1.708 −0.494 .621
Bakker 201124 0.964 0.552 1.683 −0.128 .898
Ross 200553 0.994 0.615 1.606 −0.024 .981
Janno 200443 0.998 0.478 2.085 −0.006 .996
Souza 201056 1.047 0.742 1.478 0.263 .793
Sun 201357 1.081 0.880 1.328 0.744 .457
Hitzeroth 200740 1.111 0.524 2.353 0.275 .784
Halliday 200238 1.267 0.861 1.865 1.203 .229
Leung 200348 1.288 0.309 5.369 0.348 .728
Modestin 200051 1.616 0.926 2.822 1.689 .091
Yoon 200460 2.127 0.712 6.348 1.352 .176

0.797 0.669 0.949 −2.554 .011
0.1 0.2 0.5 1 2 5 10

Favors SGA Favors FGA

A. Second-Generation Antipsychotics (SGAs) vs First-Generation Antipsychotics (FGAs)a

B. FGAs vs FGA + SGAb

C. SGAs vs FGA + SGAc

Statistics for Each Study

Study Name Risk Ratio Lower Limit Upper Limit Z Value P Value Risk Ratio and 95% CI
Lee 201046 0.548 0.323 0.930 −2.227 .026
de Leon 200731 0.574 0.285 1.152 −1.562 .118
Modestin 200051 0.753 0.285 1.986 −0.574 .566
Ascher-Svanum 200823 0.759 0.643 0.897 −3.243 .001
Sun 201357 0.791 0.492 1.274 −0.962 .336
Woods 201013 0.918 0.675 1.247 −0.548 .583
Bakker 201124 1.048 0.598 1.838 0.165 .869
Ross 200553 1.158 0.679 1.976 0.539 .590
Yoon 200460 1.420 0.329 6.122 0.470 .638

0.798 0.705 0.904 −3.562 .000

0.1 0.2 0.5 1 2 5 10
Favors FGA+SGA Favors FGA

Statistics for Each Study

Study Name Risk Ratio Lower Limit Upper Limit Z Value P Value Risk Ratio and 95% CI
Wonodi 200759 0.381 0.124 1.168 −1.688 .091
Woods 201013 0.690 0.509 0.937 −2.380 .017
Ascher-Svanum 200823 0.838 0.695 1.011 −1.848 .065
Ross 200553 0.858 0.545 1.351 −0.660 .509
Eberhard 200632 0.864 0.322 2.316 −0.291 .771
Bakker 201124 0.920 0.512 1.651 −0.280 .779
Lee 201046 1.179 0.621 2.240 0.503 .615
de Leon 200731 1.224 0.751 1.997 0.810 .418
Sun 201357 1.366 0.873 2.138 1.364 .172
Yoon 200460 1.498 0.443 5.064 0.650 .516
Hansen 201339 1.824 0.359 9.271 0.724 .469
Modestin 200051 2.148 0.788 5.853 1.494 .135

0.946 0.788 1.136 −0.593 .553

0.1 0.2 0.5 1 2 5 10
Favors SGA Favors FGA+SGA
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CI = 0.79–1.14, Z = −0.59, P = .55; Figure 4C). However, there 
was substantial dispersion in the RRs, and the predicted RR 
in any single study could fall in the range of 0.51–1.76.

DISCUSSION

In this meta-analysis of 41 studies published since 2000, 
capturing contemporaneously used SGAs and FGAs, we 
found an overall mean TD prevalence of 25.3% in patients 
exposed to antipsychotics. Class-wide TD prevalence was 
significantly lower with current SGA treatment (20.7%) 
relative to FGA treatment (30.0%). This superiority was 
confirmed in the subsample of studies that included multiple 
antipsychotic classes and persisted when controlling for age 
and study region, the 2 major moderators of TD prevalence, 
which were available for the vast majority of studies.

Remarkably, these data illustrate that—despite high 
expectations8—the introduction of SGAs has not led to 
a marginalization of TD. The current results differ from 
our earlier report on trials published 2004–2008, with 
substantially higher rates during SGA treatment and slightly 
lower rates during FGA treatment.12 The frequency of 
screening-based probable TD associated with current SGA 
treatment was twice as high as the baseline prevalence of TD 
of 9.4% in the Schizophrenia Outpatient Health Outcomes 
(SOHO) study,61 where only spontaneous observations 
were recorded. Prior to the introduction of SGAs, Kane 
and Smith found a prevalence of around 20% of clinically 
recorded TD in a review of 56 studies conducted between 
1959 and 1979.62 It is surprising how closely this rate seems 
to match the one found for current treatment regimens, 
despite treatment guidelines favoring lower daily doses of 
FGAs63,64 and despite high utilization of SGAs that were 
associated with 6-fold lower annualized incidence rates 
than FGAs in RCTs.10 Importantly, however, TD ratings in 
our meta-analysis were based on systematic screening with 
standardized rating scales, using mostly the presence of 
only mild symptoms in 2 body parts as a cutoff. By contrast, 
earlier reports,62,65 predating the introduction of these scales 
and thresholds, mostly reflected clinical assessments with far 
less sensitive thresholds, which quite likely identified only 
moderately to severely affected patients with TD.

How does the notion of a 25.3% overall prevalence of 
scale-based probable TD translate into an estimate of a 
clinical problem? To answer this question, complete data 
about severity and persistence of TD would be needed, 
but these aspects were reported in only the minority of 
studies.22,27,32,36,49–51,53–55 Importantly, the percentage of 
severely affected subjects would need to be known, as well as 
the functional and/or social consequences of TD (eg, section 
IV of the AIMS), but this information was not provided in 
these contemporaneous TD studies. However, the sparse 
data that exist suggest rather mild TD severity in subjects 
on current SGA treatment, even in cohorts with prior FGA 
exposure, and it is likely that the mild cases would remain 
undiagnosed in routine clinical care. The distribution of 
clinical severity strata within TD reported earlier has varied 

greatly, ranging for moderate-severe TD with FGAs from 
11%66 to 30%67 and up to 45%–50%68,69; and for SGAs 
from 22%32 to 24%70 and up to 27% with clozapine (which 
may have been prescribed to reduce TD).68 Cross-sectional 
comparisons of TD severity by antipsychotic class are scarce, 
but clearly favor SGAs over FGAs.22,27

Indeed, this observation matches the robustly reported 
improvement in TD symptoms and the reduction of TD 
rates in earlier studies in which patients were switched from 
FGAs to SGAs.71–74 Similarly, rare, life-threatening tardive 
syndromes have been reported for FGAs,75,76 but not for 
SGA monotherapy. Conversely, a registry study of severe 
adverse events found similar incidences of uncommon, 
severe drug-induced movement disorders with SGAs and 
FGAs, excluding, however, the more common versions of 
TD.77

Prevalence studies are ill-suited to specify antipsychotic-
specific TD risks, mostly because the agent causative of 
TD may well not be the one recorded at the time of TD 
assessment. However, RCTs, even when designed as large 
pragmatic trials, represent a highly selected spectrum of 
the psychiatric population, with exclusion of treatment-
resistant subjects and subjects unable or unwilling to consent 
to a complex and often demanding study schedule or to be 
followed up. By contrast, prevalence studies specifically 
aim to capture most comprehensive and complete samples. 
Nevertheless, the limitations of prevalence studies are ample. 
First, TD has been described as a waxing-and-waning 
condition, even under constant treatment conditions.68 In 
a study of risperidone, TD emerged or resolved without 
change in medication in 12% of subjects annually.32 Second, 
switching to an SGA is a preferred therapy of TD in subjects 
who need antipsychotic treatment,78 distorting the causal 
relationship in a cross-sectional view. However, in a small 
cohort included in this meta-analysis,38 only 8% of those 
on SGAs were switched due to TD. Third, antipsychotic 
treatment may mask TD symptoms, and substantial dose 
or treatment changes may elicit withdrawal dyskinesia. 
Fourth, and most importantly, selective prescribing of 
SGAs to subjects with a presumed high-risk profile for 
TD as well as a survivor bias of subjects tolerating FGA 
treatment for many years without developing TD may 
heavily bias prevalence patterns. Importantly, this bias also 
applies to the studies reporting on > 1 antipsychotic class, as 
treatment allocation was not randomized. Lastly, class-wide 
assessments of antipsychotics are clearly oversimplified, and 
the heterogeneity within each antipsychotic class has likely 
attenuated between-class comparisons. Conversely, most 
patients with serious mental illness are typically exposed to 
a broad variety of antipsychotics during their lifetime, and 
lifetime risks for TD can be reduced to a single substance in 
exceptions only.

These considerations underscore the notion that it is 
impossible to draw causal conclusions from prevalence 
studies. While this lack of ability to infer causal associations 
from prevalence studies is a major shortcoming, the major 
strength of cross-sectional data is the opportunity to include 
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subjects with varied illness severity and comorbidity who 
would not be eligible for clinical studies, but who match usual 
care conditions as closely as possible.79 Thus, our study reflects 
a broad overview of real-world patients and clinical practice 
patterns, with an emphasis on long-term antipsychotic users. 
Nevertheless, prospective studies, in FGA-naïve subjects and 
broader cohorts beyond schizophrenia-spectrum disorders, 
are needed to properly estimate the TD risk of SGAs.80

Another aspect of prevalence studies is a contribution 
to hypothesis-generating considerations of TD etiology. 
In this regard, the relatively small difference in TD 
prevalence between SGAs vs FGAs questions the notion 
that D2-receptor affinity is the predominant mechanism of 
TD induction,81 as SGAs and FGAs substantially differ in 
this regard.82,83 Similarly, neurotoxicity, another potential 
mechanism of TD, has been reported to be lower with SGAs 
than FGAs.84–86 In fact, recent concepts imply maladaptive 
plasticity as a mechanism of TD87 and importantly suggest 
an interaction of dopaminergic and serotonergic neurons in 
the modulation of striatal synaptic plasticity.88 It is possible 
that either very long-term effects of the receptor profile of 
SGAs (which were not captured in 1-year studies shortly 
after SGA introduction) or the frequent combination with 
selective serotonin reuptake inhibitors in current treatment 
regimens has prevented TD from vanishing despite lower 
dopamine receptor blockage.

Moreover, TD quite likely needs to be conceptualized as 
an etiologically complex syndrome, influenced both by a set 
of genetic risk factors reflecting the individual liability to 
TD89 and by a range of antipsychotic and other treatment 
characteristics. In this regard, we found geographical 
differences in TD prevalence, with 31.3% in the United States 
and, consistent with earlier studies,90 a significantly lower 
TD prevalence of 17.3% in Asia. Although this observation 
is suggestive of differences in genetic susceptibility,91 other 
factors including differences in earlier cumulative FGA 
exposure are equally likely. Specific effects of Asian race could 
not be calculated across studies, as numbers of Asians in 
studies outside Asia (and the reverse for Caucasians treated in 
Asia) were not specified in the included studies. To estimate 
the effect of race, we used the percentage of Caucasians 
per study sample, but had to merge all non-Caucasian 
ethnicities for this purpose. We found near-significantly 
higher prevalence rates in Caucasians, which is surprising 
given the fact that African-Americans have repeatedly been 
reported to carry a higher risk for TD at least during FGA 
treatment.80,92,93 However, among the non-Caucasian group, 
the effect of higher TD rates in African-Americans was likely 
attenuated by the lower rates in Asians.

The regional differences in TD prevalence are probably 
also related to differences in prescription patterns, which 
have yet to be identified more clearly. For example, use of 
the “atypical” FGA sulpiride is customary in Europe, but 
not in the United States, representing, for example, 58% 
of FGAs used in the CUtLASS study.14 Moreover, slightly 
higher dosing recommendations exist in the United States 
compared to Asia and Europe.94 However, dosing exceeding 

recommendations and high rates of polypharmacy have 
been reported in a practice survey from Asia,95,96 treatment 
characteristics that would rather be expected to increase TD 
rates.

Lower SGA- than FGA-related TD rates have been 
attributed to high-dose FGA treatment, but our results do 
not support this notion. FGA doses in the 9 studies that 
provided dosage information ranged around a mean dose of 
440 mg/d of chlorpromazine equivalents, which falls in the 
middle of the range of current dosing recommendations.63,97 
Moreover, TD rates in these studies did not differ from rates 
in FGA studies with unknown dosing.

Surprisingly, FGA-SGA cotreatment was associated with 
a lower prevalence of TD (22.7%) than FGA treatment 
alone (30.0%), and the prevalence was not substantially 
increased relative to SGA monotherapy (20.7%). A cautious 
interpretation of this result is warranted, as there were 
only 9 studies for direct comparison and as it is likely that 
FGA + SGA treatment was ill-represented in our data since 
higher rates of dual-class antipsychotic polypharmacy 
have been reported (ranging from 20%95 up to 50%98). 
Nevertheless, the possibility that SGAs may attenuate the 
FGA-inherent TD risk, consistent with the improvement 
of TD symptoms during randomized SGA trials,71–74 even 
when FGA treatment is continued, needs to be investigated 
further. However, an alternative hypothesis that current 
FGA + SGA treatment strategies might frequently reflect 
shorter-term FGA augmentation of SGA management with 
insufficient treatment response also needs to be examined.

In this vein, the subgroup and regression analyses of the 
set of data included in our meta-analysis were not designed 
to determine TD risk profiles, as the information on potential 
individual risk factors was not complete for a sufficient 
number of studies. Moreover, the spread of study-level risk 
factors does not reflect the spread of these factors within 
each of the studies, and thus meta-regression is limited in 
the identification of risk factors. Nevertheless, our analyses 
confirmed the finding of higher TD prevalence rates with 
FGAs (either compared to SGAs or SGAs + FGAs), as well 
as in cohorts of older age, with longer illness duration, and 
with comorbid parkinsonism.1,90,91

In addition to the already discussed order effects and 
selection biases inherent in cross-sectional studies, several 
additional limitations warrant a cautious interpretation of 
our results. Most importantly, prior exposure to FGAs was 
not explicitly recorded in the majority of studies, but with a 
mean illness duration of 18.7 years across studies, prior FGA 
exposure must be assumed in the majority of subjects. Indeed, 
TD prevalence was most significantly lower in the 4 studies 
that included purely SGA-exposed subjects (7.2%21,49,54,59) 
compared with those on SGAs but with unspecified FGA 
history (23.4%*). This finding further underscores the need 
for future longitudinal studies in FGA-naïve patients.

Only 4 meta-analyzable studies reported TD rates of 
individual antipsychotics.21,42,47,49 Detailed analyses for 

*References 13,22–24,26,31,32,34–36,38–40,43,46–48,50,51,53,56–58,60
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specific antipsychotics were thus not possible, although 
SGAs differ widely regarding EPS99 and may also differ 
regarding TD. Moreover, neither the effect of antipsychotic 
polypharmacy within 1 antipsychotic class nor the effect 
of psychotropic polypharmacy could be analyzed. Indeed, 
polypharmacy has been suggested as a contributor to TD,100 
as, for example, antidepressants have also been reported 
to rarely cause tardive syndromes.5,101 Furthermore, the 
majority of included prevalence studies included subjects 
with schizophrenia-spectrum disorders, but due to the 
increased use of antipsychotics in nonpsychotic disorders, 
this sample is unlikely to be representative of the overall 
group of antipsychotic-treated patients. While oversampling 
of patients with schizophrenia may bias toward subjects with 
higher rates of prior FGA exposure, mood disorders have 
been identified as a risk factor for TD62 and might thus 
increase prevalence rates, although treatment duration and 
doses may be lower than in patients with schizophrenia. 
Indeed, in a recent, longitudinal study of TD from a 
movement disorders clinic, patients with mood disorders 
treated with SGAs were far overrepresented (38%) relative 
to patients with psychotic disorders (7%).102 Finally, most 

studies reported “probable” instead of “persistent” TD,103 as 
movement examinations were not necessarily repeated after 
6 months.

CONCLUSION

In conclusion, this meta-analysis of prevalence studies 
confirmed an association between increased risk of TD and 
FGAs, older age, and longer illness (and, thus, treatment) 
duration, as well as higher EPS frequencies. Additionally, 
this meta-analysis points toward lower TD rates in studies 
conducted in Asia, patients treated with SGAs but not 
previously exposed to FGAs, and, possibly, to an attenuation 
of the FGA-related TD signal if these are combined with 
SGAs. However, in order to better and fully understand the 
impact of SGA-associated TD on patient-related outcomes, 
current TD prevalence studies need to be complemented 
by more detailed studies and by prospective studies that 
are conducted in representative samples of antipsychotic 
users and that include repeated measurements of dyskinesia 
severity as well as complete medication history and dose 
information.
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