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••ckgrounll: Neuroleptic-induced tardive dyskinesia 
(TD) is a major iatrogenic disorder that is more 
prevalent among older patients. The objective of this 
study was to determine the incidence of and risk fac
tors for TD in neuroleptic-treated patients over age 45 
years. 

Metholls: We studi~ 266.middh:.;,jJgedand,e1deTly 
outpatients with a median duration of 21 days of total 
lifetime neuroleptic exposure at study entry. Most 
patients were treated throughout the study with either 
a high-potency or a low-potency neuroleptic and 
maintained on relatively low doses. The patients were 
followed up at 1- to 3-month intervals with "blind" 
assessment of psychopathologic condition, clinically 
as welLas instrumentally {ie, using electromechanical 
sensors with computerized data reduction, including 

spectral analysis) evaluated movement disorder, and 
global cognitive function. 

Results: Cumulative incidence ofTD was 26%, 52%, and 
60% after 1, 2, and 3 years, respectively. The principal risk 
factors for TD were duration of prior neuroleptic use at base
line, cumulative amount ofhigh-potency neuroleptics, his
tory of alcohol abuse/dependence, borderline or minimal 
dyskinesia, and tremor on instrumental assessment. 

Conclusion: Use ofhigher amounts of neuroleptics, par~ 
ticularly high-potency ones, should be avoided in older 
patients, patients with alcohol abuse/dependence, or pa
tients with a subtle movement disorder at baseline; these 
patients are at a higher risk of developing TD. 

(Arch Gen Psychiatry. 1995;52:756-765) 
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O 
NE OF the most serious 
adverse effects of neuro
leptic therapy is tardive 
dvskinesia (TD) Y In a 
p~ospective study of 

more than 850 young adult patients (mean 
age, 29 years), the cumulative incidence 
of TD after exposure to neuroleptics was 
found to be 5% after 1 year, .19% after 4 
years, and 26% after 6 years.3 In a study 
population that consisted mainly of el
derly institutionalized or inpatient sub
jects," the cumulative incidenceofTDwas 
reported as 31% after 43 weeks"of neuro: 
leptic treatment. 

Despite numerous studies spanning 
more than three decades, the understand
ing of risk factors for TD is still incom
plete. Aging appears to be the predomi
nant patient-related risk factor for TD.2

•
5

,6 

Other patient-related risk factors, about 
which there is less evidence in the re
ported results, include female gender,1 
mood disorders;4.8·9 alcohol or other sub
stance abuse,IO,l1 diabetes mellitus,12-14 
smoking,15,16 African-American ethnici
ty,11·J8 and cognitive dysfunction.19 
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In terms of neuroleptic-related risk 
factors, no significant differences among 
different types of neuroleptics have been 
reported. A possible exception is doza
pine, which reportedly has a much lower 
riskofTD,lo Other suggested medication
related risk factors include a high amount 
ofneuroleptics,21-23 development ofextra
pyramidal symptoms (EPS) early in the 
course of neuroleptic treatment,3.4,2-'1-26 and 
use of anticholinergic agentsY 

In an effort to overcome some of the 
problems asSOciated with subjective rat
ings ofEPS and to improve our skill at early 
detecrion ofEPS, we have been using a bat
tery of instrumental assessment proce
dUres.H ):8 Instrumental mOlor measure
ment systems yield continuous rather than 
categorical or ordinal data, produce vari
ables that show a linear positive relation
ship to the severity of the movement dis-

See Methods and Materials 
on next page 
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the Simpson Abbreviated Dyskinesia Rating ScaleMETHODS AND MATERIALS (ADRS).4!J 

Over an approximately 4-year period, 266 consecutive out Instrumental Assessment of Movement Disorder 
patients over the age of 45 years met the following criteria 
for enrollment into ourstudy: (1) psychiatric diagnoses (based Below we describe brieHy our methods of evaluating move
on DSM-lll-Rl> criteria and confirmed by at least two board ment or muscle activity using electromechanical sensors 
certified psychiatrists) for which neuroleptic therapy was in with computerized data reduction. including spectral analy
dicated; (2) availability of reliable medical and pharmaco ses. The details of these procedures have been published 
logical history from the patient, from medical records, andlor previously.2M I 

from significant others; (3) baseline evaluation prior to orearly 
in the course of neuroleptic treatment; (4) absence ofsevere Instability. Force instability was used to quantify hand and 
physical illness that would preclude study assessments; (5) jaw dyskinesia.:llI,i2 
not meeting criteria for TD (defined below); and (6) willing
ness to participate and to give informed consent in writing. Tremor. Postural tremor of the upper extremity was quan

Patients were recruited [rom several sources, the ma tified.H Spectral amplitudes within the 3- to 7-Hz range have 
jority coming from the San Diego (Calif) Veterans Affairs been shown to be reliable indexes of neuroleptic-induced
Medical Center. The patients' mean (SD) age was 65.5 (12.0) 28tremor.H . ... 
years; education level, 12.4 (3.3) years. Neuroleptics were 
prescribed to treat psychotiC or other severe behavioral symp

Movement Speed. Bradykinesia was evaluated by measur
toms. The median cumulative duration ofneuroleptic treat

ing the peak instantaneous velocity associated with simple
ment at baseline was 21 days. We have several ongOing stud

ballistic movements of the wrists.45 
ies of late-onset psychosis. includingschizophrenia. Hence. 
we received a numberof referralsofpatients over age 45 years 

Rigidity. The procedure for quantifying abnormalities inwho were either starting neuroleptic treatment orin the early 
muscle lOne involved measurement of wrist stiffness. stages of neuroleptiC treatment. Of the 266 patients, 24.8% 

were neuroleptic-naive while 45.4% had 1 to 90 days of to
Videotapingtal lifetime neuroleptic exposure at baseline. 

We used the criteria of Schooler and Kane-'t.35 to di
A standard procedure was followed to obtain a lO-minuteagnose rD. except that the minimum duration ofprior neu
videotape for the AIMSJ5 examination.roleptiC use was 1 month instead of 3 months, given the 

higher risk and the. likelihood ofearlier development ofTD 
in older patients. FOLLOW-UP EVALUA nON 

INmAL EVALUATION The patients were assessed 1 and 3 months after study 

entry and then every 3 months with review of pharma


Medical and Pharmacologic History cotherapy administered since the last assessment. neu

rological assessment. MMSE/6 BPRS,37 HAM-D,JS 

We obtained medical and pharmacolOgiC history to re Simpson-Angus Scale for early EPS,39 AIMS,35 ADRS,'IO 
cord information about pertinent medical illnesses (eg, hy instrumental assessment of movement disorder, and vid
perthyroidism, stroke), alcohol and othersubstance abuse, eotaping. 
smoking, and medications (especially neuroleptics). The raters were "blind" to other clinical information, 

including earlier assessments of the same patients. Video
Neurological and Other Medical Assessment taped recordings of patients' AIMS examinations at various 

periods were mixed randomly and analyzed at a later date 
A complete neurolOgical and other medical examination by "blind" evaluators. A high degree of interrater reliabil
was performed to help diagnose ~organic" disorders. Ap ity (intraclass correlation coefficient >.84) was estab
propriate laboratory tests, such as thyrOid function tests and lished for the AIM95 and other rating scales. 
computed tomography or magnetic resonance imaging of 
the.brain, >yere obtained when indicated. TREATMEl'\T 

Global Cognitive Assessment Patients were treated with relatively low doses of neuro

leptics, determined individually (often < 150 mgl'd ofchlor


We used the Mini-Mental State Examination (MMSE).J6 promazine equivalent"). Moderate to severe EPS were treated 

with benztropine mesylate, usually at dosages of 1 mgl'd 


Assessment of Psychopathology or less. 
Our original goal was to randomize every patient 

We used the Brief PsychiatriC Rating Scale (BPRS)J1 and the entering the study to either haloperidol or thioridazine. 
Hamilton Depression Rating Scale (HAM-D),l" We found, however. that this was not possible in 

patients with a history of aHergy to or severe side effects 
Clinical Assessment of Movement Disorder with either medication; or in case of a refusal for ran

domization by the patient, caregiver. or physician; or in 
We used the Simpson-Angus Scale for early EPS,IQ the 
Abnormal Involuritary Movement Scale (AIMS),» and Continued on next page 
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patients already receiving neuroleptics who did not wish 
to be switched to another antipsychotic agent. Similarly, 
randomization to haloperidol or thioridazine was consid
en:d to be contraindicated in patients who were thought 
to be at a relatively high risk of side effects from either of 
these medications (eg, patients with severe parkinsonian 
signs at baseline or those with glaucoma). Additionally, some 
randomized patients refused to continue the medication pre
scribed because of side effects, etc. Of the 266 patients en
tering the study , 107 continued to take haloperidol (0",68) 
or thioridazine (n=39) for at least a month. Regardless of 
randomization, we strove to keep every patient in the study 
on the same medication for the entire duration or the study; 
failing that, we tried to keep him or her taking only one 
class of neuroleptics-either high-potency or low
potency. We kept a total of 190 patients taking either high
potency neuroleptics only (n=126) or low-potency neuro
leptics only (n=64) throughout the study. 

STA TlSTlCAL METHODS 

tife-table survival analysis~· was employed to assess the cu
mulative incidence o[ TO for the total sample and for se
lected subgroups. 

The analysis of the data on risk factors for TD was 
of two types: (1) Univariable analysis used either life
table survival analysis·9 or univariable Cox regresSion 
analysis.'o The proportional hazards method (also called 
survival analysis with covariates or Cox regression) was 
used to investigate the effects of predictor variables and 
risk factors on the occurrence of TD.50 Differences in 
subgroup survival curves were tested for significance by 
means of either improvement Xl analysis in the Cox 
regression analysis or the Breslow ·or Mantel-Cox statis
tic.~l (2) The model for cumulative mllltivariable analy.sis 
(backward stepwise Cox regression) included more than 
one significant predictor at a time. Panialing for the 
effects of other predictors enabled one to assess 
the unique contribution of a given variable to the risk 
ofTD. 

Fixed and Time-Dependent Covariates 

The potential risk factors for TD were considered to be 
either fixed or time-dependene.l. covariates. Fixed covaT
iates were those variables, measured at baseline, that 
were fixed for the duration of the study (eg, age at intake 
or gender). Time-dependent covariates were the vari
ables that were reassessed at subsequent visits and 
whose values could thus change as a function of the sur
vival time (eg, AIMS score). -The time-dependent vari
ables for cumulative high-potency and low-potency neu
roleptic amount were redefined repeatedly from the 
baseline visit to the visit at which TD had occurred or, in 
non-TD patients, from the baseline visit to the last visit; 
these were the conlemporary lime-dependent covariates. 
Thus, to estimate the risk of TD at the 9-month visit, we 
used a patient's total amount of high-potency neuro

order, and can measure abnonnalities below the threshold 
ofhuman detection.l9 The instruments chosen for the pro
posed studies are relatively inexpensive, and the testing 
reqUires less than 30 minutes.29 

leptics received through the 9-month visit as the con
temporary time-dependent covariate. All other time
dependent covariates were redefined repeatedly from the 
baseline value to the value at the visit prior to the occur
rence of TD or to the visit prior to the las! visit; these 
were the one-visil-back time-dependent covariates. For 
example, to estimate the risk of TD at the 9-month visit, 
we used a patient's MMSE total at the 6-momh visit as 
the one-visit-back lime-dependent MMSE coyariate. 

Cox RegreSSion Analysis 

A few continuous variables (eg, cumulative high-potency 
neuroleptiC amount) with large range and skewed distri
bution of values were subjected to a base 10 logarithmic 
transformation prior to the Cox regression analysis to ob
tain useful i3 coefficients.n 

One difficulty encountered in analysis was missing 
data, the amount of which differed across variables. To 
maximize the sample size, hence, power. for examining 
each variable in concert with others, we devised a staged 
approach to cumulative muhivariable Cox regression 
analysiS. We organized the variables into conceptually 
defined groupings and then ordered them beginning 
With the set of variables with the largest sample sizes 
(set 1) and ending with the set of variables with the 
smallest sample sizes (set 4). 
• 	 Set 1 (N==230 to 266) comprised a basic set of fixed 

demographiC (age. gender, ethnicity, education), fixed 
diagnostic grouping, fixed health index (history of 
diabetes, smoking, alcohol abuse/dependence), fixed 
and time-dependent MMSE score, fixed neuroleptiC 
duration at baseline, and fixed and time-dependent 
high-potency and low-potency neuroleptic amount 
variables. 

• 	 Set 2 (N..220 to 266) comprised a set of fixed and 
time-dependent clinical measures of motor abnormali
ties (Simpson-Angus EPS scale total score. AIMS glo
bal score, and ADRS total score). 

• 	 Set 3 (N",191 to 202) comprised a set of fixed and 
time-dependent psychopathology rating scale scores 
(BPRS subscale scores and HAM-D total score). 

• 	 Set 4 (N",153 to 178) comprised a set of fixed and 
time-dependent instrumental motor measures (insta
bility, tremor, movement speed, and rigidity). 

Univariable and cumulative multivariable Cox regres
sion analyses~l.5) were run at each of the four stages COT
responding to the four sets of variables. A cumulative 
multtvariable Cox regression was run for the risk factor 
set corresponding to that stage plus the Significant vari
ables from each of the preceding stages. Within a stage, . 
new variables had to meet nominal significance at 
0:$.05, while previously significant variables had to 
maintain nominal significance at 0:$.10. All the tests for 
new main effects and new interactions were evaluated at 
the nominal criterion of 0=.05. 

We also carried out some post hoc analyses, which are 
described in the uResultsD section. 

We undertook the follOwing study to determine the 
incidence of and risk factors for m in middle-aged and 
elderly neuroleptic-treated outpatients because ofthe pau
city of similar work in this population. Furthermore, we 
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wished (l) to include patients prior to or relatively early 
in the course of their neuroleptic treatment. (2) to as
sess the subjects at relatively short intervals (1 to 3 
months), (3) to employ appropriate rating scales and in
strumental motor evaluations, (4) to compare the risk 
of ID with low-potency vs high-potency neuroleptics 
given in relatively low dosages, and (5) to analyze the 
data in ways that would enable us to evaluate the indi
vidual and unique contributions of different risk factors 
for TO. Some of the risk factors reported in the litera
ture are fIXed (eg, gender), while others change over 
time-ie. are time-dependent (eg, cumulative amount of 
neuroleptics administered). Furthermore, there are vary
ing degrees of associations among certain variables-
eg, older age is likely to be associated with a longer du
ration of therapy and a greater cumulative amount of 
neuroleptics. Hence, we proposed to undertake univari
able and multivariable analyses involving both the fixed 
and time-dependent variables. 

We hypothesized that a number of fixed variables, 
such as older age, diagnoses of mood disorder and de
mentia, female gender, and duration of prior neurolep
tic use at baseline, as well as time-dependent variables, 
such as the severity of EPS and cumulative amount of 
neuoleptics, would be significant univariable predictors 
ofID. We also hypotheSized that older age, longer base
line duration of neuroleptic use, and greater cumulative 
amount of neuroleptics would emerge as risk factors for 
TO in the multivariable analysis. 

We have preViously published data on the 6-month 
and I-year cumulative annual incidence orID and some 
univariable analyses based on earlier results from the pres
ent, ongoing study.30-32 This report represents our first 
attempt to examine the cumulative 3-year incidence of 
TD and risk factors for TD using a larger sample and mul· 
tivariable as well as univariable data analyses. 

At 1 year, the survival rate was 73.9%; hence, the 
I-year incidence of TO was 26.1% (95% confidence 
interval [CI!, 19.3% to 32.9%). The cumulative pro
portion developing TO by the end of 24 months was 
51.7% (95% Q, 41.3% to 62.1%) and by the end of36 
months was 59.8% (95% CI, 47.6% to 72.0%) 
(Fig.... 1). From the life-table analysis we obtained 
69 events or cases of TO per 211.9 person-years, or 
0.33 events per person-year. 

Tabl. 1 shows that the following categorical or 
artificially dichotomized continuous variables at base
line were Significant risk factors for TD: age under 65 
years, duration of prior neuroieptic use of greater than 
90 days at baseline, history of alcohol abusel 
dependence, and baseline AIMS global score greater 
than O. Although anticholinergic use was also a signifi
cant predictor. the proportion of patients treated with 
these drugs was small (11%). Figure 2 shows the 
incidence of TD in patients with vs without a history 
of alcohol abuse!dependence. 

Table 2 gives the results of univariable analysiS us~ 
ing all the time-dependent variables and all the fixed vari
ables for which there were no time-dependent values, but, 

:;:! 
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FIgure 1. Survival curve for rarrJive dyskinesia (TO) onset, with 95% 
confidence intervalS (broken lines) (N=266). 

unlike Table 1, Table 2 does not dichotomize continu
ous variables (such as age) artificially. The findings are 
similar to those in Table 1, except for the addition of the 
following time-dependent variables as significant pre
dictors of the risk of TD: cumulative amount of high~ 
potency neuroleptics, MMSE score, AIMS global score, 
and ADRS score, with trends for tremor and movement 
speed on instrumental assessment. 

Table 3 presents the results of cumulative multi
variable analysis at four successive stages. The stage 4 
analysis may be viewed as the "final" result in that it 
suggests predictors whose unique contributions to the 
risk of TO were above and beyond what could be 
explained by their potential associations with other 
variables. The five Significant predictors that emerged 
at the final stage were fixed duration of prior neuro
leptic use at baseline, time-dependent cumulative 
amount of high-potency neuroleptics, fixed hiStory of 
alcohol abuse!dependence, time-dependent AIMS glo
bal score, and time-dependent tremor on instrumental 
assessment. None of the first-order interaction effects 
among the variables was Significant. 

INTERPRETATION OF MODEL 

From a clinical standpoint, an especially interesting value 
in Tables 1 through 3 is the risk ratio. Alcohol abuse! 
dependence may be considered as an example. In Tables 
1 and 2 (stage 1), the risk ratio for this variable was 1.7
ie, when considered by itself, a history of alcohol abuse! 
dependence increased the risk of TO by a factor of 1.7. 
Table 3 examines the relative impact of the variable on 
the TO risk, considered in concert with other variables. 
In stage 1, the risk ratio for alcohol abuse!dependence 
(as a predictor of TD) was 2.0. In stage 2, the risk ratio 
for that variable was 1.9, and it remained unchanged in 
stage 3. In stage 4, the risk ratio for alcohol abuse! 
dependence was 1.7. 

The other predictors identified in Tables 2 and 3 were 
continuous. Except for age, all the risk ratios for aU the 
continuous variables (Tables 2 and 3) were greater than 
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Table 1. Life-Table AnalY$lt of 1-Y88r Ineldenee Rates and Unlvarlable Cox Regression Risk Ratios 
for Tanlive Oyakinesia (TD)* 

Cox RSll'1lulon 
Life-Table Analysis 

0/0 Df 1-Year Incidence Rilk Rmiot 
Variable Subjects of TO (95% ell {95"1o ell Pt 
Age, y (11=264) .03 

<65 44.0 26.1 (16.1-36.2) Reference group 
2:65 56.0 25.6 (16.2-34.9) 0.6 (OA'0.9) 

Gender (11=265) .36 
F 18.5 21.2 (4.2-38.2) Reference group 
M 81.5 26.6 (19.2-34.1) 1A (0.7-3.1) 

Elllnici1y (n=265) .20 
While 81.9 23.2 (16.0-30.4) Reference group 
Nonwhite 18.1 36.8 (19.0-54.7) 1.5 (0.8-2.6) 

Diagnostic group (n=266) .23 
Schizophrenia 21.4 28.6 (14.6-42.5) 1.4 (0.S-3.3) 
Mood disorder 21.1 27.0 (13.2-41.1) 1.0 (0.4-2.4) 
Other nonorganic disorder 16.2 29.3 (6.&51.9) Reference group 
AIlheimer's disease 24.4 27.3 (13.7-41.0) 0.7 (0.3-1.6) 
Other organic disorder 16.9 17.5 (3.0-31.9) 0.9 (OA-2.S) 

Alcohol abuse or dependence (n=266) .03 
No 68.8 20.2 (12.6-27.8) Re1erence group 
Yes§ 31.2 37.7 (24.6-50.9) 1.7 (1.1-2.9) 

History of smoking (n=230) .18 
No 74.8 26.1 (17.8-34.4) Reference group 
Yes 25.2 25.0 (11.0-39.1) 1.5 (0.9-2.5) 

Diabetes mellitus (n=266) .33 
No 84.6 25.9 (18.5-33.2) Reference group 
Yes 15.4 27.6 (9.5-45.7) 1.4 (0.7-2.7) 

Baseline MMSE total ("",257) .28 
<28 57.6 29.5 {17.B-41.2) Reference aroup 
2:28 42.4 24.5 (14.4-34.7) 1.3 (0.8-2.1) 

Duration of prior neuroleptic 
use at baseline, d (n..262) .001 

s90 70.2 18.8 (11.5-26.1) Reference group 
>90 29.8 39.7 (26,4-52.9) 2,4 (1.5-3.9) 

Neuroleplic treatment group (fl=190) .11 
tow-pOlency 33.7 24A (8.9-39.8) Reference group 
High-potency 66.3 34.3 (24.0-44.6) 1.7 (0.9-3.4) 

Anticllolinell1ic use (n=147) .005 
No 89.1 20.4 (12.6-28.2) Reference group 
Yes 10.9 64,4 (38.6-90.2) 3.5 (1.6-7.3) 

Baseline AIMS global score (11=265) .007 
0 67.9 19.8 (12.7-27.0) Reference group 
>0 32.1 43.2 (27.9-58.S) 2.1 (1.3-3.6) 

Baseline ADRS total (0=244) .31 
<19 59.4 21.8 (13.3-30.3) Reference group 
2:19 40.6 33.3 (20.9-45.8) 1.3 (0.8-2.2) 

*Ci indicates confidence interval; MMSE, Mini-Mental State Examination; AIMS, Abnormallnvolunlary Movement Scale; and ADRS, Simpson Abbreviated 
Dyskinesia Rating Scale. 

tAli dichotomous variables were coded 0 am1 t For diagnoslic group, four diptlOtomotls variables were coded aand 1, with 1 associated with the 
diagnostic category named. 

t.Jmpravement x 2 analysiS. 
§Eleven of these 83 patients were abusing alcohol at baseline; the other 12 patients had a history of only alcohol abuse or dependence. 

1; therefore, the higher the value of Ihe cominuous vari for alcohol abuse/dependence were nonsignificam, jus
able, the greater Ihe risk ofTD. tifying that assumption. 

EVALUATION OF MODEL Testing the Model 

Testing the Proportionality Assumption The P values on global Xl analysis for each fixed or time
depend em covariate in univariable Cox regressionaualy

The only significam categorical predictor of the risk of sis had to be similar to the backward stepwise improve
TD was alcohol abuse/dependence (Tables 1 through 3). mem X2 P values for an individual variable to be entered 
Results of the test of the assumption of proportionality or removed. The P values on global X2 analysis for both 
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Figura 2. SUtVivai curves for tardivs dyskinesia onset far patients witfl 
positivrl (n=83) ~ negative (n= 183) history of alcohol abuse Dr 
dependence (P=.01 by the Breslow test). 

fixed and time-dependent covariates in cumulative mul
tivariable models were aU .001 or less. 

Assessing Accuracy of the Model 

We computed the number of events (occurrences of TD) 
per predictor variable and compared the obtained ratio 
with that recommended by Concato et al.5~ The number 
of events for all cases over the 39-month period of fol
low-up was 69. We therefore had the recommended mini
mum ratio of events to predictors. 

Assessing Possible Bias in Dropouts 

There was an average 20% dropout rate per year. 
Using univariable Cox stepwise regression survival 
analysis, the dropouts did not differ from the study 
completers on any of the final significant predictors of 
TD except for alcohol abuse/dependence (P=.007). 
The i-year dropout rate for nonabusers was 31.7% 
(95% CT, 24.2% to 39.1%) and for alcohol abusers was 
16.3% (95% CI. 7.2% to 25.3%). 

Results of Post Hoc Analyses 

Diagnosis. Although a diagnosis of schizophrenia had 
a' risk ratio of L4 (Table 1), overall psychiatric diagno
sis was not a Significant predictor of TD in either uni
variable or multivariable analYSis (Tables 1 through 
3). The apparently increased risk of TD in patients 
with schizophrenia was likely to have been secondary 
to the use of neuroleptics for longer periods and in 
higher amounts. 

Age. Age was correlated significantly with logarithmiC 
cumulative neuroleptic amount (Pearson's r=-0.24, 
dJ=261. P<'OOl). Age was a significant predictor of the 
incidence ofTD in the univariable analysis (Tables 1 and 
2) but not in the cumulative multivariable analysiS (Table 
3). This suggested that the apparent effects of age on the 
risk for TD were secondary to the effects of other sig

til 

(l 1 3 6 9 12 15 18 21 24 27 30 33 36 

limo, rna 

nificant predictors, such as the cumulative amount of neu
roleptics. 

AIMS Global Score. Fixed baseline AIMS global score 
was a significant predictor of TD (Table 1). Patients with 
a score greater than °had a2.1 limes higher risk of de
veloping ID than those with a score ofO. Compared with 
the patients who had a fixed baseline AIMS global score 
of 0, those with a score greater than 0 (almost always 1) 
were Significantly younger, were more likely to have 
schizophrenia or another "nonorganic" disorder, had 
lower scores on the BPRS positive symptom subscale and 
HAM-D, had higher scores on the ADRS, and had a longer 
duration of neuroleptic use at baseline. The cumulative 
multivariable analysis revealed that the time-dependent 
AIMS global score (which included the baseline score) 
was still a significant predictor ofTD risk, suggesting that 
the contribution of AIMS global scare to TD incidence 
was above and beyond what could be explained by other 
possible predictors (including the duration ofneurolep
tic use at baseline). 

The cumulative incidence of TD for the 165 pa
tients who had an AIMS global score greater than 0 at 
baseline or at some point during follow-up and who did 
not concurrently have TD was as follows: 9.9% (95% CI, 
4.6% to 15.3%) at 3 months, 31.4% (95% CI, 22.5% to 
40.2%) at6months, 34.9% (95% CI, 25.7% to 44.1%) at 
9 months, and 48.2% (95% Cl, 37.5% to 58.9%) at 12 
months. The time to occurrence of TD (or dropout or 
censoring) was measured from the lime of the first AIMS 
global score greater than O. 

Anticholinergic Use. Anticholinergic use was a signifi
cant predictor of Tn risk in univariable analysis (Table 
1) but not in the final stage of the cumulative multivari
able analysis (Table 3). This might be in part because only 
11% ofthe patients were receiving anticholinergic therapy. 
Furthermore, patients receiving anticholinergic therapy 
had Significantly greater mean cumulative logarithmic 
amounts of high-potency neuroleptics than those not 
treated with anticholinergics (P<.OOI, Mann-Whitney 
U test). 

Neuroleptic Potency. The data on neuroleptic potency 
as a risk factor for TD were analyzed three ways. 

L The 107 patients treated with haloperidol or thio
ridazine compared with the 'other 159 patients. The two 
groups were similar on all the baseline variables except 
that the haloperidoVthioridazine group was older, had a 
greater proportion of patients with Alzheimer's disease 
or other "organic" disorders, had a lower MMSE score, 
and had a shorter duration of prior neuroleptic use at base
line (P<.OOI for all). The two groups did not differ, how
ever, either in the rate of dropouts or in the incidence 
ofID. 

2. Haloperidol-treated (n=68) vs thioridazine
treated (n=39) patients. The two groups did not differ 
on any of the baseline measures except that the 
haloperidol-treated group had a greater proportion of 
patients with Altheimer's disease or other "organic" 
disorders and had lower scores on the MMSE and 
BPRS depression subscale (P<.05 for all). The rate of 
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Table 2. Univariable Analysis for Several Cox Proportional Hazards Models 
lor Onset 01 Tardive Dyskinesia lor All Calss WHh Relevant Data'" 

Variable Type of Variablet ~ COlllfh:lanl P/SE (~} Risk RaIiDt P 

Siage 1 
Age (y) -0.02 -2.3 1.0 .02 
Neuroleptic duration (logarithmic days) 0.34 3.6 1.4 <.001 
Cumulative high-potency neuroleptic amount 

(logarithmic mg of CPZE) 0.19 2.7 1.2 .004 
MMSE lotal score t 0.04 2.0 1.0 .04 
Alcohol (abuselllependence) f D.52 2.1 1.7 .03 

Stage 2 
AIMS global SCOOl 0.64 4.5 2.3 <.001 
ADRS total score 0.13 2.7 1.1 .01 

Stage 4§ 

Tremor (amplitude, dB) 0.02 1.8 1.0 .07 

Movement speed (velocity. detlrees/s) 0.14 1.7 1.2 .06 


"'CPZE indicates chlorpromazine equivalent; MMSE, Mini-Mental State Examination; AIMS, Aunormallnvoluntary MotItJment Scale; and ADRS, Simpson 
Abbreviated Dyskinesia Rating Scale. 

tSee the section on "Fixed If} and Time·Dependent il} Covariates" under "Statislical Methods· for 11 detailed description of the individual stages andf and 
t variabllls_ 

;fRisk ratio is e ~, where e is the base of the natural logarithm. 2.72. See the text tor a definition of risk ratio. 
§None of the t clinical rating scale scores (set 3: Brief Psychiatric Rating Scale subscale scores or Hamilton Depression Rating Scale total score) was 

Significant at stage 4. 

Tabie 3. Cumulative Mullivanable Analysis for Several Cox Proportional Hazards Models 
for Onsel of Tardive Dyskinesia fur All tases With Relevant Data'" 

Variable Type of Vilrillblit pCoefficient illSE til; RIsk Rllillf P 

Stage 1§ 
Alcohol (abuse/dependence) 0.68 2.7 2.0 .008 
Neuroleptic duration (logarithmic days) 0.34 3.4 1.4 <.001 
Cumulative high-potency neuroleptic amount 

(logarithmic mg of CPZE) 0.15 2.2 1.2 .02 

Stage 211 
AIMS global score 0.92 4.9 2.5 <.001 
Neuroleptic duration (logarithmic days) 0.31 2.9 1.4 .004 
Cumulative high-potency neuroleptic amount 

(logarithmic mg of CPZEj 0.12 1.B 1.1 .07 
Alcohol (abuse/dependance) 0.85 2.6 1.9 .01 

Stage 41m 
Tremor (amplitude, dB) 0.02 2.6 1.0 .01 
Neuroleptic duration (logarithmic days) 0.26 2.3 1.3 .02 
Cumulative high-potency neuroleptic amount 

(logarithmic mg of CPZE) t 0.22 2.2 1.2 .02 
Alcohol (abuseJdependence) f 0.54 1.8 1.7 .OB 
AIMS global score t 0.89 4.0 2.4 <.001 

*CPZE indicates chlorpromazine equivalent; AIMS, Abnormal involuntary Movement Scale. • • . 
tSee the section on "Fixed If] and Time-Dependent /1] Covariates" under ffStatistical Methods" for a detailed description of the individual stages andf and 

t variables. . 
:j:Risk ratio is eP, where e is the base of the natural logarithm, 2.72, See the text for a definition of risk ratio. 
§N:216 tor the entire basic data neuroleptic duration, t logarithmic cumulative high-potency neuroleptic amount, and alcohol 

(abus6/dependfJnce) were the only the mu/tivariaIJle analysiS, these three variables were rerun in a backward stepwise Cox regression 
at their fvlf N=262 to better estimate the three regression coefficients. 

IIConsideratiflns similar to those described for stage 1 also applied here_ 
1!None of the t clinical rating scale scores (set 3: Brief Psychiatric Rating Scale subseale scores or Hamilton Depression Rating Scale total score) was 

significant at stage 4, individually or in combination with logarithmic neuroleptic duralion, I logarithmic cumulative high'potency neuroleptic amount, alcohol 
(abuse/dependence), or I AIMS global score_ 

dropouts was similar, but the haloperidol group had a 
higher I-year cumulative incidence of TD than 
the thioridazine group (30.3%V5 9.3%; P=.05 and 
P=.Q2 using Breslow and Mantel-Cox statistics, respec
tively). 

3. Total high-potency only (n=126) vs low
potency only (n=64) neuroleptic-treated patients. The 
high-potency group had a nonsignificantly higher risk 
of TD (P=.lO, Breslow test; P=:o.! 1, Mantel-Cox test). Al
though the two groups were similar in terms of the rate 
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ofdropouts, the high-potency group received higher time
dependent cumulative amounts ofneuroleptics (P<.OOI, 
Mann-Whitney U test). To sort out the relative contri
bution ofpotency vs amount, we dichotomized the high
potency group at its median amount and split it into two 
subgroups: high-potencyllow amount (n=63) and high
potency/high amount (n=63). The fonner subgroup had 
a mean daily neuroleptic dose (50.9 mg of chlorproma
zine eqUivalent) comparable to that of the low-potency 
group (62.5 mg ofchlorpromazine equivalent). The high
potency/high-amount group obviously had a much greater 
daily dose (535.8 mg of chlorpromazine equivalent) 
(P<.OOI, Kruskal-WaUis anaiysis of variance) than the 
other two groups. The three groups were similar in drop
out rates. Using life-table analysis, the I-year cumula
tive incidence ofTD was as follows: low-potency group, 
24.4% (95% Cl, 8.9% to 39.80%); high-potency/low
amount group. 31.4% (95% CI, 14.8% to 48.0%); and 
high-potency/high-amount group, 35.8% (95% CI, 22.7% 
to 49.0%). However, with such small samples, the curves 
were not Significantly different. 

We found a distressingly high (26.1%) cumulative an
nual incidence of TO among psychiatric outpatients with 
a mean age of 65.5 years who were being treated with 
relatively low daily doses (average, 150 mg of chlor
promazine eqUivalent) of neuroleptics. This rate is five 
to six times that reported in younger adults.3 Although 
a number of risk factors were Significant in univariable 
analysis, the final stage of the cumulative multi variable 
analysis yielded only five SignifiCant predictors ofID: fixed 
baseline duration of prior neuroleptic use, time
dependent cumulative high-potency neuroleptic amount, 
fixed history of alcohol abuse/dependence, time
dependent AIMS global score, and time-dependent tremor 
on instrumental assessment. 

Two highly significant predictors of TD risk were 
duration of neuroleptic use at baseline and cumulative 
neuroleptic amount. Some of the surprising findings can 
also be explained on the basis of the primacy of neuro
leptic use as the most important risk factor for TD. For 
example, age was negatively and MMSE total score was 
positively related to the riskofID-ie, younger (middle
aged) and cognitively less impaired patients had a higher 
risk of TD than elderly and cognitively more impaired 
patients. The former group (withtrigher risk onD) mainly 
comprised subjects with schizophrenia and mood dis
orders, who received greater amounts of neuroleptics than 
the latter group, which comprised elderly patients with 
"organic" disorders. With a cumulative multivariable 
model, neither age nor diagnosis contributed signifi
cantly to TO risk, suggesting that these patient-related 
variables were less important than neuroleptic-related ones 
as risk factors for TD. 

This study had several limitations. Despite our best 
efforts to obtain as complete information as was pos
sible. we cannot be absolutelv certain about the accu
racy of neuroleptic history prior to study entry. Simi
larly. there might have been errors in our calculations 
of subsequent neuroleptic amounts because of unsus

pected noncompliance. Also, there was an approxi
mately 20% annual dropout rate, although the dropouts 
were similar to the study completers on all the signifi
cant predictors ofTD risk except for a history of alcohol 
abuse/dependence. Finally, our findings may not be gen
eralizable to a population under the age of 45 years or to 
one including predominantly nonveteran or female sub
jects. 

T 
HE FlNDlNG of cumulative high-potency 
neuroleptic amount as a significant risk fac
tor for TO must be viewed in the context 
ofother limitations of the study. We could 
not randomize a majority of the patients 

to haloperidol or thioridazine, as originally planned, for 
clinical and ethical reasons. More patients were treated 
with high-potency neuroleptics than with low-potency 
ones. This might have been partly an artifact of uneven 
randomization. Also, among the patients not treated with 
haloperidol or thioridazine, a greater number were re
ceiving high-potency antipsychotics prior to study en
try and refused randomization, opting instead to con
tinue receiving the same medications. Furthermore, our 
patients who were treated only with high-potency anti- '. 
psychotics received a Significantly greater amount ofneu
roleptics (in milligram chlorpromazine eqUivalents) than 
patients treated with low-potency neuroleptics only. The 
two groups, however, had a similar level of psychopatho
logic conditions (BPRS and HAM-D scores) at baseline 
as wen as at follow-up visits, suggesting that the doses 
of medications used were clinically equivalent in reduc
ing psychopathologic conditions to comparable levels. 
The dosages of medications had been adjusted for indi
vidual patients by their respective clinicians. It was not 
clear why the milligram chlorpromaZine equivalent 
amounts of clinically (therapeutically) equivalent doses 
were significantly different for high-potency vs low
potency neuroleptics. Several investigators have noted a 
growing clinical practice i.n recent years (without clear 
justification) ofusing higher dosages ofhigh-potencyneu
roleptics compared with low-potency agents.55•57 

Our data suggest that high amounts of high
potency neuroleptics constitute a risk factor for TO. We 
could not separate out the effects of potency from neu
roleptic amount statistically because ofinadequate sample 
sizes in indivi.dual subgroups. Nevertheless, these re .. 
suits indicate that high-poteney antipsychotics may be 
more likely to cause TD in at least some older subjects. 
Our findings may serve to explain some early reports from 
cross-sectional studies suggesting that drugs such as flu
phenazine (a high-potency agent) were associated with 
a higher prevalence of TD.z6.5859 A number of research
ers have reported early EPS as a risk factor for TD.,·25.z6 
This finding could conceivably be related to the pa
tients with early EPS receiving high-potency neuro
leptics, which are much more likely than low-potency 
neuroleptics to produce EPS. 

Several possible explanations may be considered re
garding why a difference between high-potency and low
potency neuroleptics in their ability to produce TO has 
not been reported in the past. Cross-sectional studies, 
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which account for most of the literature on TD, cannot 
determine risk factors for TD. The few published pro
spective longitudinal studies could not compare differ
ent types of neuroleptics because the average duration 
of neuroleptiC use prior to study entry ranged from 9 
months to several years. This made it difficult to com
pute the exact amounts of different medications re
ceived in the past. In our investigation the median du
ration of total lifetime neuroleptic use al study entry was 
21 days. 

A history ofalcohol abuse/dependence was a strong 
predictor of the risk of TD. Olivera et apo and Dixon et 
all! previously reported a higher-than-expected preva
lence of TD in subjects with a history of alcohol abuse_ 
The mechanisms underlying possible alcohol-induced sus
ceptibility to TD are presently unknown. 

Our finding of tremor (detected using instrumen
tal assessment) prior to development of TD as a predic
tor of TD risk is consistent with reports linking early EP$ 
to increased incidence of TD_3,15.l6 The clinical ratings of 
EPS39 were, however, nOl significant predictors, possi
bly suggesting that subclinical motor abnormalities may 
define the TD risk better- The presence of borderline or 
minimal abnormal involuntary movements at baseline 
(AIMS global score >0) as a risk factor for TD indicates 
that spontaneous or acute neuroleptic-induced dyskine
sia could be made worse by continued use of neurolep
tics, The finding of time-dependent AIMS global score 
as a predictor of TD indicates that whenever a patient re
ceiving neuroleptics has an AIMS global score greater than 
0, he or she is at a high risk of having ID diagnosed within 
a few months, 

Anticholinergic use is a potentially important risk 
factor for ID. Because of our policy of aVOiding unnec
essary medications, 89% of the patients did not receive 
anticholinergic agents. Nonetheless. the increased inci
dence of TD in our patients who received anticholiner
gic agents suggests that camion should be used in pre
scrihing these drugs to older subjects. 

Although nonsignificant, two interesting predic
tors, being nonwhite and having diabetes mellitus, had 
risk ratios of 1.5 and lA, respectively. The role of eth
nicity as a risk factor for TD needs further evaluation_60 

The observation that a small but Significant number of 
our patients developed TD after less than 3 months of 
neuroleptic treatment suggests that in older subjects, the 
research criterion of the minimum length of treatment 
prior to a diagnosis of TD should he changed Jrom 3 
months31 to I month, (This has been done for the clini
cal diagnosis ofID in DSM-IV.61) Occurrence orID with 
compara hie frequency in schizophrenic and nonschizo
phrenic patients should help put to rest the notion that 
TD is merely a symptom of schizophrenia. In older pa
tients, neuroleptics are prescrihed more frequently for 
indications other than schizophrenia, mainly by non
psychiatrist physicians. There is a need for a greater aware
ness of TD among all clinicians treating older patients. 
In nonschizophrenic patients, long-term use of neuro-

Ieptics should nOl be undertaken withom snongjustifi 
cation. In patients with chronic schizophrenia, neuro
leptic discontinuation is associated with a significantly 
elevated risk of psychotic relapse.tl1lndividualized treat
ment usually aimed a1 gradually redUcing the neurolep
tic dose to the lowest effective level is therefore indi
cated in most patients with schizophrenia.b 

) 

The frequent assertion that all "typical" neurolep
tics are similar in their risk of TD is nol based on any 
large-scale prospective comparison of different types of 
neuroleptics. We found a higher risk ofTD with greater 
amounts of high-potency neuroleptics. At the same time, 
there is a well-known risk of anticholinergic toxic ef
fects with low-potency neuroleptics, resulting in confu
sion, delirium, urinary retention, etL it is therefore rec
ommended that the use of any type of neuroleptic be 
restricted to the lowest effective doses. Finally, ifthe newer 
serotonin-dopamine antagonists, such as risperidone,64 
oianzapine, sertindole, seroquel, and others, are found 
to have lower risk of TD, they could Significantly change 
the risk-benefit ratio for neuroleptic treatment. 
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