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In 112 schizophrenic patients previously treated with 
typical neuroleptics, we investigated the putative role of the 
dopamine D3 receptor gene (DRD3) in tardive dyskinesia 
(TD). Patients were assessed for TD severity using the 
Abnormal Involuntary Movement Scale (AIMS) and were 
subsequently genotyped for the MscI polymorphism that 
identifies a serine to glycine substitution in DRD3. A 
modified analysis of covariance model, which incorporated 
several clinical risk factors for TD, was utilized to detect 
differences in TD severity among the various genotypic 
groups. The glycine allele of DRD3 was found to be 

 

associated with typical neuroleptic-induced TD (F[2,95] 

 

5

 

 
8.25, 

 

p 

 

,

 

 .0005). Higher mean AIMS scores were found in 
patients homozygous for the glycine variant of the DRD3 
gene, as compared to both heterozygous and serine 
homozygous patients. Although replication is necessary, 
this finding supports a role for the dopamine D3 receptor in 
the pathogenesis of TD.
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Schizophrenia is a common and devastating neuropsy-
chiatric syndrome afflicting approximately 1% of the
human population (APA 1994). Although there are no
cures, neuroleptic medications are frequently used to

alleviate the psychosis. One of the major drawbacks to
chronic treatment with typical neuroleptic drugs is the
possible development of severe extrapyramidal side ef-
fects, such as pseudoparkinsonism, acute dystonia,
akathisia, and tardive dyskinesia (TD). TD is a motor
disorder characterized by abnormal involuntary move-
ments of the orofacial musculature (Caligiuri et al.
1988), particularly in the jaw, lips, and tongue. Choreo-
athetoid movements of the extremities and/or trunk
involvement may occur as well (Weinhold et al. 1981).
TD occurs in predisposed individuals during or follow-
ing cessation of prolonged typical neuroleptic treat-
ment (Gerlach and Casey 1984). Schooler and Kane
(1982) outline various subtypes of TD, including proba-
ble TD, masked TD, transient TD, withdrawal TD, per-
sistent TD, and masked persistent TD. Atypical anti-
psychotics have a lower occurrence of extrapyramidal
side effects and rarely cause TD. Recent studies have
shown that clozapine may ameliorate TD symptoms
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(Buchanan 1995; Kane et al. 1993; Lieberman et al. 1991;
Ranjan and Meltzer 1996; Wilson 1992). However, cloz-
apine’s use is limited by its lack of efficacy in some pa-
tients and its propensity to induce agranulocytosis. Al-
though the mechanism of TD remains unknown, it has
been postulated that an overactivity of dopaminergic
neurotransmission in the basal ganglia may play a cru-
cial role in the manifestation of TD (Tarsy and Baldes-
sarini 1977).

The dopamine overactivity hypothesis for TD is sup-
ported by the clinical pharmacology of TD, because dopa-
mine agonists increase TD severity, whereas, dopamine
antagonists reduce the symptoms (Wolfe and Mosnaim
1988). The hypothesis speculates that TD results from
chronic neuroleptic blockade of dopamine D2-like re-
ceptors in the basal ganglia, and states that long-term
blockade results in an upregulation of dopamine recep-
tors on postsynaptic membranes (Casey et al. 1982;
Gerlach and Casey 1984; Meshul and Casey 1989). It has
been suggested that the neuroleptic-induced increase in
dopamine receptor density eventually results in an
overactivity of the nigrostriatal dopaminergic tract
(Gordon and Fields 1989), a brain region involved in the
regulation of motor behavior. Despite the apparent sup-
port of the dopamine receptor upregulation hypothesis
of TD, studies have failed to provide conclusive evi-
dence supporting its role in the mechanism of TD. More
recent studies have adopted a hypothesis of multiple
neurotransmitter system involvement (Jeste and Cal-
igiuri 1993).

In the treatment of schizophrenia with typical neuro-
leptics, approximately 20–30% of patients suffer from
neuroleptic-induced TD (Awouters et al. 1990; Casey
1991; Hoffman et al. 1987; Jeste and Caligiuri 1993; Lie-
berman et al. 1988), thus implying variable susceptibility
to the disorder. It is quite possible that genetic variability
may account for some of this susceptibility and/or pro-
tection, predisposing only certain patients to TD. Animal
models also suggest that there is interindividual suscep-
tibility to TD. In the Cebus monkey, even after several
years of neuroleptic administration, only some develop
this disorder (Casey 1992). This is also evident in rat
models of TD in which rats have been shown to dichoto-
mize into two groups either expressing or not expressing
vacuous chewing movements (VCM)(Hashimoto et al.
1998). Another rat model of TD, characterized by repeti-
tive jaw movements (RJM), can be induced by neurolep-
tic drugs and has been used to study the dopamine over-
activity hypothesis by Rosengarten et al. (1993a,b). They
found that by selectively inbreeding rats, they were able
to produce rats that differed in RJM responses, and they
postulate further that genetic factors may play a role in
TD patients treated with neuroleptics (Rosengarten et al.
1994). Recent studies have analyzed the roles of opioid
receptors (Sasaki et al. 1996) and GABA receptors (Sasaki
et al. 1997) in haloperidol-induced rat models of TD.

These studies all support the hypothesis that TD may be
partially controlled by genetic factors.

A genetic predisposition to TD in humans has been
suggested (O’Callaghan et al. 1990; Rosengarten et al.
1993a,b; Swartz et al. 1997), and the observation that TD
is more likely to occur in patients with a strong familial
history of psychiatric disorder provides further evidence
for the involvement of genetic factors (Guala et al. 1992;
O’Callaghan et al. 1990; Waddington and Youssef 1988).
In terms of familial aspects of TD, it was found that
eight patients and their first degree relatives showed
concordance for the presence or absence of TD (Yassa
and Ananth 1981). Concordance for TD has also been
noted in two brothers with schizophrenia (Weinhold et
al. 1981) and in six other pairs; each of two brother–
brother pairs; three brother–sister pairs, and one
mother–daughter pair (Youssef et al 1989). Also, con-
cordance for TD was observed in four siblings with
schizophrenia (Waddington and Youssef 1988). A re-
cent preliminary study examined 16 relative pairs for
the presence or absence of TD and found concordance
for TD in 13 of these relative pairs (Muller et al. 1998).
Overall, this evidence supports the role of genetic fac-
tors in the manifestation of TD.

In terms of candidate genes, the D2 receptor gene was
initially thought to be the most likely candidate in-
volved in TD. Chen and colleagues (1997) reported a sig-
nificant association between the dopamine D2 receptor
gene (DRD2) and TD; however, Inada et al. (1997) did
not find any association between DRD2 and TD. Our
analysis of DRD2 and TD revealed no significant effect
(Badri et al. 1996). One particular candidate from the D2-
like receptor family, which has not received much re-
search interest in terms of TD, is the dopamine D3 recep-
tor. Autoradiographic studies, as well as histochemical
studies, have localized dopamine D3 mRNA and pro-
tein to the ventral side of the striatum and the ventral
putamen in the basal ganglia, a brain region implicated
in motor control (Joyce and Meador-Woodruff 1997; Su-
zuki et al. 1998). A study by Buckland and McGuffin
(1992) demonstrated that D3 mRNA levels in rat brain
increase following chronic administration of haloperi-
dol. A human postmortem study has recently illustrated
a 45 to 56% increase in the number of D3 receptors in the
basal ganglia of neuroleptic-treated schizophrenics, as
compared to controls (Meador-Woodruff et al. 1997). A
more recent study revealed a twofold increase in the
number of D3 receptors in the basal ganglia of long-term
hospitalized patients with schizophrenia when com-
pared with matched controls (Gurevich et al. 1997). Fur-
thermore, pharmacological studies provide evidence
that dopamine D3 receptors provide an inhibitory effect
on locomotor activity. A study by Kling-Petersen and
colleagues (1995), demonstrated that R-(

 

1

 

)-7-OH-DPAT,
a dopamine D3 preferring agonist, inhibited locomotor
activity when injected into the nucleus accumbens of rat
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brain. They also showed that dopamine D3 antagonists
resulted in an increase in locomotor activity. Several
other studies have demonstrated that dopamine D3 pre-
ferring agonists inhibit locomotor activity; whereas,
dopamine D3 antagonists increase locomotor activity
(Fink-Jensen et al. 1998; Gendreau et al. 1997; Van Hartes-
veldt 1997). These pharmacological results are in ac-
cordance with a recent study that looked at locomotor
behavior in mice lacking functional dopamine D3 recep-
tors. D3 knock-out mice displayed increased locomotor
activity and were considered hyperactive (Accili et al.
1996). Thus, evidence suggests that the dopamine D3 re-
ceptor may be involved in motor control.

This study investigates the putative role of the
Ser9Gly polymorphism of the dopamine D3 receptor
(DRD3) gene, as a predisposing factor to neuroleptic-
induced TD. This polymorphism is interesting because it
identifies a serine to glycine amino acid substitution in
the N-terminal extracellular domain of the D3 receptor
(Lannfelt et al. 1992), and a recent functional study of
the Ser9Gly polymorphism in CHO cells revealed allelic
differences in affinity for dopamine (Lundstrom and
Turpin 1996). Following our initial report (Badri et al.
1996), Steen and colleagues (1997) have reported a rela-
tionship between the dopamine D3 receptor gene and
TD. A preliminary report by Macciardi and colleagues
(1996) also demonstrated an association between DRD3
and TD. However, Inada and colleagues (1997) did not
find any association between DRD3 and TD. Gaitonde
et al. (1996) studied general movement disorders and
investigated the Ser9Gly polymorphism using an over-
all movement disorder score and also found no associa-
tion. In pursuit of the dopamine hypothesis of TD and
as a follow up to our initial report of association be-
tween DRD3 and TD (Badri et al. 1996), we explore the
possible etiologic role of DRD3 in TD. Our study was
designed to evaluate the relationship between neuro-
leptic induced TD and the Ser9Gly genetic polymor-
phism of the DRD3 gene and is, to our knowledge, the
first to use a more powerful parametric statistic that
controls for clinical factors, including ethnicity, age,
and sex. We hypothesize that a particular variant of the
Ser9Gly polymorphism of DRD3 will be associated with
the severity of typical neuroleptic-induced TD. Identifi-
cation of DRD3 as a genetic risk factor for TD should
aid in the elucidation of possible biological mechanisms
underlying the disorder’s pathogenesis and may be
useful in determining effective pharmacotherapy.

 

METHODS

Clinical Sample

 

112 patients (81 male and 31 female) with DSM-IIIR diag-
noses of schizophrenia and who were either treatment-
refractory or intolerant to typical antipsychotic therapy

(Kane et al. 1988a), were recruited from the following in-
dependent research clinics: Case Western Reserve Uni-
versity in Cleveland (HY Meltzer, n

 

5

 

74); Hillside Hospi-
tal in Long Island (JA Lieberman, n

 

5

 

25); and the
University of California at Irvine (SG Potkin, n

 

5

 

13). Writ-
ten informed consent was obtained from each patient.
Patient age ranged from 16 to 58 (mean 

 

5

 

 32.9, SD 

 

5

 

 9.6),
and the average duration of illness was 13.7 years (SD 

 

5

 

9.2). In terms of ethnicity, 75.9% of the patients were
Caucasian, 1.8% were Asian, and the remaining 22.3%
were African American. Ethnicity was determined using
a form filled out by the clinician for each patient. Place of
birth for each patient, their parents and grandparents, as
well as mother tongue and religion were used to assess
ethnic status. DRD3 allelic frequency differences were as-
sessed between Caucasians and African Americans us-
ing the chi-square statistic. Table 1 summarizes the de-
mographic distribution of the patients from each of the
clinical sites. Although full neuroleptic histories were not
available for all patients, it was known that all had been
treated with typical neuroleptics from at least two chem-
ical classes for a minimum of 1 year. Patients received at
least three periods of treatment in the preceding 5 years
at doses equivalent to or greater than 1000 mg/d of chlor-
promazine for a period of at least 6 weeks, each without
significant symptomatic relief (Kane et al. 1988a). None
of the patients had ever been treated with atypical neuro-
leptics. Patients underwent a washout period of 2–4
weeks. The use of treatment refractory patients who
were on relatively large doses of typical neuroleptics, as
well as the neuroleptic washout period, is advantageous,
because these conditions provide each patient with the
opportunity to more fully express the TD phenotype,
considering that they may be carrying the genetic predis-
position for this disorder. The masking of the TD pheno-
type is a frequent occurrence and is represented in the
subtypes of TD described in Schooler and Kane (1982).
Following the neuroleptic washout, patients were as-
sessed for TD severity using either the Abnormal Invol-
untary Movement Scale (Guy 1976) or a modified Hill-
side Simpson Dyskinesia scale, which was used for the
25 patients obtained from Hillside Hospital. The seven
body area items and the over-all global item of the modi-
fied Hillside Simpson Dyskinesia scale duplicate the
items of the AIMS. Thus, we were able to extract AIMS
scores for each of the 25 patients that had been assessed
using the modified Hillside Simpson Dyskinesia scale.
All three clinicians (HYM, JAL, SGP) have extensive ex-
perience in assessing TD severity and exchange visits to
all three of the clinical sites were arranged to enhance the
consistency of the AIMS methodology.

 

Genotyping

 

Blood samples were collected from each of the clinical sites
and were analyzed at the Clarke Institute of Psychiatry,
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Toronto. Genomic DNA was extracted from whole
blood using a nonenzymatic, high-salt procedure (La-
hiri and Nurnberger 1991). The polymerase chain reac-
tion (PCR) was performed in a Perkin–Elmer Cetus
Thermal Cycler (model 9600) to amplify the desired
polymorphic portion of the D3 receptor gene. A single
nucleotide substitution exists in the first exon of the D3
receptor gene, which results in a serine to glycine
change in the amino acid sequence of the receptor pro-
tein. A 462 bp segment containing this nucleotide sub-
stitution was amplified by PCR (Lannfelt et al. 1992).
Amplification reactions were performed in a total vol-
ume of 25 ml, and each reaction contained 100 ng of ge-
nomic DNA, 0.16 mM of each dNTP (dATP, dTTP,
dGTP, dCTP), 1X reaction buffer (Cetus; 10 mM Tris-
HCl (pH 8.3), 50 mM KCl, 0.001% gelatin), 1.5 mM
MgCl

 

2

 

, 0.01% gelatin, 1 unit of Taq polymerase, and 10
picomoles of each primer. Primer sequences were : 5

 

9

 

-
GCT CTA TCT CCA ACT CTC ACA-3

 

9

 

, and 5

 

9

 

-AAG
TCT ACT CAC CTC CAG GTA-3

 

9

 

. Template genomic
DNA was denatured at 99

 

8

 

C for 3 min before adding
the reaction mixture. Then, 35 cycles were performed,
each consisting of 95

 

8

 

C for 20 s, 56

 

8

 

C for 20 s, and 72

 

8

 

C
for 20 s. PCR products were digested overnight with 1
unit of MscI restriction endonuclease. An internal con-
trol in the form of a second MscI site confirmed whether
or not the digestion reaction was accomplished. The di-
gested PCR products were then subjected to electro-
phoresis in a 3.5% agarose gel and visualized using
ethidium bromide. Genotyping was performed as de-
scribed elsewhere (Lannfelt et al. 1992).

 

Statistical Methods

 

Analysis of covariance (ANCOVA) was used to com-
pare the mean AIMS scores for each of the genotypic
classes. The ANCOVA statistic was chosen because of
its ability to incorporate additional factors as well as co-
variates into the statistical model. Based on previously

published data implicating increased age as a clinical
risk factor for TD (Johnson et al. 1982; Kane et al. 1988b;
Miller and Jankovic 1990; Smith and Baldessarini 1980),
age was used as a covariate in the ANCOVA. The de-
mographics of our sample were statistically analyzed to
determine any effects of sex and ethnicity that may
have confounded the ANCOVA statistic. The effects of
sex and ethnicity were tested using a one-way analysis
of variance (ANOVA), and the effect of age was tested
using linear regression analysis. Given that several
studies have implicated female gender and African
American ancestry as clinical risk factors for TD (East-
ham et al. 1996; Jeste et al. 1996; Kane 1992; Kane and
Smith 1982; Morgenstern and Glazer 1993; Yassa et al.
1983), both sex and ethnicity were included as factors in
the modified ANCOVA model. The assumptions of the
ANCOVA statistic were tested to determine the appro-
priateness of our sample. The assumption of equal vari-
ance between each genotypic class was tested using the
Levene Test for Homogeneity of Variances. Chi-square
analysis was used to test whether the distribution of
genotypes was in accordance with Hardy–Weinberg
equilibrium. Power calculations were performed based
on mean AIMS scores and sample sizes, with alpha set
to 0.05. All statistical analyses were performed using
the Statistical Package for the Social Sciences (SPSS),
version 7.0.

 

RESULTS

 

No statistically significant differences were found in the
distribution of sex or ethnicity among the samples from
the three different clinical sites. There was a predomi-
nance of Caucasian and male patients in all three clini-
cal samples (Table 1). However, the proportion of male
to female patients and the proportion of Caucasian to
other patients were similar in all three clinical sites.

 

Table 1.

 

Demographic Distributions of the Sample

 

Meltzer (

 

n 

 

5 

 

74) Lieberman (

 

n 

 

5 

 

25) Potkin (

 

n 

 

5 

 

13) Total (

 

n 

 

5 

 

112)

 

Age

 

a

 

(mean 

 

6 

 

SD) 31.2 

 

6

 

 9.3 33.9 

 

6

 

 8.9 42.8 

 

6

 

 6.4 32.9 

 

6

 

 9.6
Sex

 

b

 

Male 55 15 11 81 (72.4%)
Female 19 10 2 31 (27.6%)

Ethnicity

 

c

 

Caucasian 57 18 10 85 (75.9%)
African American 17 6 2 25 (22.3%)
Asian 0 1 1 2 (1.8%)

 

a

 

F[2,107] 

 

5 

 

8.31, 

 

p 

 

5 

 

.0004 for age vs. clinical site.

 

b

 

x

 

2

 

 5 

 

1.66, 2df, 

 

p 

 

5 

 

.4350 for sex vs. clinical site.

 

c

 

x

 

2

 

 5

 

 4.94, 4 df, 

 

p 

 

5 

 

.2937 for ethnicity vs. clinical site.
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There was a significant difference observed between the
mean age of the patients across the three clinical sites
(F[2,107] 

 

5 

 

8.31, 

 

p 

 

5 

 

.0004) and using a Student–New-
man-Keuls test, the mean ages of the Meltzer and Lie-
berman samples were significantly lower than those of
the Potkin sample (Table 1). The samples were com-
bined into one group, producing a total of 112 patients.
Despite previously published data implicating female
gender as a risk factor for TD (Kane 1992; Yassa and
Jeste 1992), in this combined sample, no statistically sig-
nificant difference was found between the sexes regard-
ing TD severity (F[1,108] 

 

5 

 

0.89, 

 

p 

 

5 

 

.347). Other stud-
ies have also reported similar TD incidence rates in
both males and females (Jeste et al. 1996; Waddington et
al. 1995). In accordance with previously published clini-
cal data (Eastham et al. 1996; Jeste et al. 1996; Kane 1992;
Kane and Smith 1982; Morgenstern and Glazer 1993;
Yassa et al. 1983), it was found that the African Ameri-
cans in the sample had higher mean AIMS scores (mean 

 

5

 

10.68 

 

6

 

 12.19 SD) than the other patients of different
ethnic origins (Caucasian mean 

 

5

 

 4.73 

 

6

 

 6.59 SD; Asian
mean 

 

5

 

 5.42 

 

6

 

 8.04 SD) (F[2,109] 

 

5

 

 5.12, 

 

p

 

 

 

5

 

 .0075).
Also in agreement with previously published clinical
data (Johnson et al. 1982; Kane et al. 1988b; Miller and
Jankovic 1990; Smith and Baldessarini 1980), a signifi-
cant linear relationship was found between age and TD
severity. More specifically, as age increased, patients
were more likely to exhibit higher AIMS scores (Pear-
son r 

 

5

 

 0.25, 

 

p 

 

5 

 

.017).
Genotype frequencies for the DRD3 MscI polymor-

phism did not differ significantly among patients from
different clinical sites or between males and females.
Also, mean age did not differ significantly between the
patients grouped according to genotype (F[2,109] 

 

5

 

0.13, 

 

p

 

 

 

5

 

 .88). However, there was a statistically signifi-
cant difference between genotype frequency and ethnic
status (

 

x

 

2

 

 

 

5

 

 44.55, df 

 

5

 

 2, 

 

p 

 

, 

 

.000005). African Ameri-
cans had a significantly higher occurrence of the glycine
allele of the Ser9Gly polymorphism than did the Cauca-
sians. When testing for Hardy–Weinberg equilibrium
between the alleles of this polymorphism, it was found
that genotype frequencies in this sample did not devi-
ate significantly from the frequencies expected under
random mating conditions (

 

x

 

2

 

 

 

5

 

 0.13, df 

 

5

 

 2, 

 

p

 

 

 

5

 

 .939).
Also, the allele frequencies in this sample were similar
to those previously reported by other groups.

In light of the above demographic findings, a modi-
fied ANCOVA model was designed that corrects for the
effects of sex and ethnicity. Age was used as a covariate
in the analysis, and all the assumptions of the ANCOVA;
namely, normally distributed genotypic categories with
equal variances across all groups were evaluated to en-
sure the validity of the test. It was found that the serine
to glycine polymorphism in the DRD3 receptor was sig-
nificantly associated with typical neuroleptic-induced
TD (F[2,95] 

 

5

 

 8.25, 

 

p

 

 

 

,

 

 .0005), with a statistical power of
0.568 and an r-square value of 0.297. Figure 1 is a
graphic representation of this finding. A post hoc Stu-
dent–Newman-Keuls test revealed higher mean AIMS
scores in patients homozygous for the glycine allele of
the DRD3 gene (mean AIMS of 14.20 

 

6

 

 12.49 SD) when
compared to heterozygous patients (mean AIMS of 3.92 

 

6
5.33 SD) and patients homozygous for the serine allele
(mean AIMS of 3.47 6 4.34 SD). To test for effects of eth-
nic stratification, we conducted an analysis that sepa-
rated Caucasians and African Americans. It was found
that in both Caucasians (n 5 85, F[2,75] 5 3.85, p 5 .026)
and African Americans (n 5 25, F[1,23] 5 8.10, p 5

Figure 1. Mean corrected AIMS
scores for each of the genotypic
classes. The variances(s2) for each of
the genotypic classes were as fol-
lows: (s2 for Ser/Ser genotype was
18.8; s2 for Ser/Gly genotype was
28.4; and s2 for Gly/Gly genotype
was 156.1). The Levene Test for
homogeneity of variances revealed
a significant difference in the vari-
ances among the genotypic classes,
thus violating one of the assump-
tions of the ANCOVA model. How-
ever, a nonparametric alternative,
the Kruskal–Wallis Test, illustrated
similar results (x2 5 13.6644, df 5 2,
p 5 .0011, p 5 0.0033 Bonferroni cor-
rected).
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.0091), patients homozygous for the glycine allele were
more likely to exhibit higher AIMS scores (Figure 2).

The data values within each of the genotypic groups
were normally distributed; however, the Levene Test
for homogeneity of variances revealed that the vari-
ances for each genotypic class were not equal (Levene
statistic 5 42.97, df1 5 2, df2 5 111, p , .0005), and as

such, one of the assumptions of the ANCOVA model
had been violated (Figure 1). In light of this, a less pow-
erful nonparametric alternative statistic, the Kruskal–
Wallis H test, was applied to test the specific hypothesis
of DRD3 involvement in TD. Using this statistic, the
same association was found between homozygosity for
the glycine allele and increased mean AIMS score (the

Figure 2. Ethnically stratified analysis. To address the issue of population stratification, an analysis separating Caucasians
from African Americans was conducted. It was found that in both ethnic samples, patients with Gly/Gly genotypes were
more likely to exhibit larger AIMS scores, thus reducing the possibility of a false positive attributable to ethnic stratification.
Figure 2A illustrates the Caucasian results, and Figure 2B gives the African American results.
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SPSS software package uses the x2 distribution as an ap-
proximation of the Kruskal–Wallis H distribution; x2 5
13.66, df 5 2, p 5 .0011).

DISCUSSION

We have observed a statistically significant association
between the glycine variant of DRD3 and TD. AIMS
scale scores were utilized to assess TD severity in 112
treatment refractory schizophrenia patients. It was
found that mean AIMS scores for individuals homozy-
gous for the glycine variant were significantly higher
than individuals who were either serine/serine ho-
mozygotes or serine/glycine heterozygotes. This study
was unique as compared to other studies, in that it took
into consideration several demographic variables that
are known to influence the severity of TD and, to our
knowledge, is the first study to use a more powerful
parametric statistic (ANCOVA). The ANCOVA method
of analysis chosen is more informative than traditional
case-control x2/Fisher’s Exact tests that studies to date
have used. By utilizing continuous AIMS scale scores as
the dependent variable in the ANCOVA, we do not lose
valuable information regarding the severity of the phe-
notype. The published case-control studies of TD are
subject to this problem, because they use TD diagnostic
criteria to subdivide the sample into those with TD and
those without. For example, in such studies, patients
with AIMS scores of 10 are categorized as having TD
and are indistinguishable from patients with AIMS
scores of 40 who are indiscriminately grouped into this
category. From a statistical perspective, the ANCOVA F
statistic does not require as large a sample size to detect
a significant association, and as such, is more powerful.
Furthermore, this statistic allows for the direct incorpo-
ration of demographic variables that also affect the phe-
notype, and thus directly controls for these potential
confounding factors.

It is possible that the substitution of a polar serine
residue to a nonpolar glycine residue may alter the ter-
tiary structure of the D3 receptor. A recent report by
Lundstrom and Turpin (1996) has identified functional
differences in dopamine affinity for each of these recep-
tor alleles as expressed in CHO cell lines. They reported
significantly higher dopamine affinity for the glycine
homozygote cells, as compared to both heterozygote
binding and serine/serine homozygotes. It is interest-
ing to note that patients homozygous for the glycine
variant display more severe TD and that the aforemen-
tioned study of Lundstrom and Turpin found increased
dopamine affinity in CHO cell lines homozygous for
the glycine variant. Perhaps these functional differences
may contribute to the TD phenotype, although it is dif-
ficult to speculate further on the precise mechanism in-

volved. Thus, this could suggest that the higher affinity
of the glycine allele may be involved in the pathogene-
sis of TD. Alternatively, this Ser9Gly polymorphism
may be in linkage disequilibrium with another site con-
ferring susceptibility to TD. Asherson and colleagues
(Asherson et al. 1996) screened all six exons of DRD3 in
72 DNA samples using SSCP and did not find any addi-
tional coding variants, hence DRD3 may be in linkage
disequilibrium with another neighboring locus. Al-
though the possibility of a false positive finding cannot
be ruled out.

It is important to note that the r-squared value for
our result was 0.297, thus indicating that approximately
30% of the variance observed in the TD phenotype can
be accounted for by the proposed ANCOVA model. Of
the various factors examined in this model (D3 geno-
type, age, sex, and ethnicity), D3 genotype was the only
factor that significantly contributed to the TD pheno-
type within the over-all ANCOVA model. The rela-
tively low r-squared value suggests that other factors,
possibly genetic variation in other genes, as well as ad-
ditional environmental influences, may account for the
remaining 70% of the variance in TD phenotype.

To justify merging the patients from each clinical site
into one single sample, data from each of the different
sites were compared to ensure that each was a proper
representation of a random sample. Although no differ-
ences were found among the different sites regarding
sex and ethnic distributions, mean age was found to be
slightly higher in the Potkin sample (Table 1), likely be-
cause of the relatively small sample size (n 5 13). This
difference in age was not considered a sufficient reason
to eliminate the sample from the study.

Epidemiological data suggest that the occurrence of
TD is likely to be highly related to a genetic predisposi-
tion, the effect of which may become expressed in con-
junction with other variables, in particular age, ethnicity,
sex, and neuroleptic history (Cavallaro and Smeraldi
1995). Where possible, demographic variables were as-
sessed in our sample to determine any external effects
that may have confounded the ANCOVA analysis;
therefore, age, sex, and ethnicity were included as con-
tributing factors in the analysis. In accordance with pre-
viously published data, our sample shows that in-
creased age and African American descent are clinical
risk factors for TD. Our sample included a wide age
range (16–58 years), which may have led to a sampling
bias. For example, if by chance alone, we sampled a
greater number of older individuals homozygous for
the glycine variant and very few young individuals of
the same genotype, then given increased age as a risk
factor for TD, a false-positive association may have oc-
curred for DRD3 and TD. However, this was not the
case in our sample because there were no differences
between the mean ages of patients in the three geno-
typic classes studied (p 5 .88).
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As evidenced by this study, it is important to account
for the putative effects of both clinical and demographic,
components of the sample, as these may confound ge-
netic studies. For example, African Americans were
found to have a significantly higher occurrence of the
glycine allele; furthermore, the African Americans in
our sample had higher mean AIMS scores. Therefore, it
is quite possible that a population stratification bias
could have been responsible for the positive association
we are reporting. In order to address this crucial issue,
an additional analysis that divided the sample accord-
ing to ethnicity was conducted between the Caucasians
and African Americans (Figure 2). Given that the asso-
ciation between DRD3 genotype and TD remains posi-
tive in the Caucasian sample (F[2,75] 5 3.85, p 5 .026) as
well as in the African American sample (F[1,23] 5 8.10,
p 5 .0091), it is unlikely that an ethnic stratification bias
has led to our positive result.

An important limitation of this study is that total
neuroleptic histories for all patients were unavailable
and, thus, were not incorporated into the ANCOVA
model. This variable is important as a clinical risk factor
for TD and should be controlled for in genetic studies of
TD (Jeste and Kelsoe 1997). However, all our patients
met the criteria for treatment-refractory or intolerant
disease (Kane et al. 1988a), and were treated with typi-
cal neuroleptics for at least 1 year before being recruited
for the study.

Another limitation was the use of two different as-
sessement scales for TD severity; namely, the AIMS
scale in the 87 patients from both the Meltzer and Pot-
kin samples, and the Hillside Simpson Dyskinesia scale
in the 25 patients from the Lieberman sample. Although
many of the items in each are very similar and address
the same issues, the different scales may have different
sensitivities, and the conversion of one scale to the
other may introduce sources of error. Although this dis-
crepancy is a limitation of the study, it is unlikely that
the results are biased because of this. When eliminating
all 25 patients with Hillside Simpson Dyskinesia scores,
the remaining 87 patients with AIMS scores likewise
produce a significant association between DRD3 geno-
type and TD severity (F[2,73] 5 4.40, p 5 .016). Cur-
rently, there are several different rating scales used to
assess TD severity; however, there has been no general
consensus reached as to which scale best measures TD
severity. A standard TD diagnostic instrument should
be agreed upon for use in future studies.

A potential confounding factor in this study, as well
as in most genetic studies, is the problem of phenotypic
heterogeneity. On one level, several studies have re-
ported sporadic cases of dyskinetic movements and
various other dyskinesias in neuroleptic-naive psychi-
atric patients (Awouters et al. 1990; Cassady et al. 1998;
Chatterjee et al. 1995; Kopala 1996). This study did not
take this factor into account because it was indetermin-

able whether patients exhibited TD because of neuro-
leptic treatment or not. It is quite possible that a subset
of our patient sample exhibited spontaneous dyskinesias
that may have different underlying pathophysiological
mechanisms from those responsible for neuroleptic-
induced TD. This may explain our modest r-squared
value of 0.297. On another level, it is possible that the
TD phenotype may be heterogeneous regarding the lo-
calization of the abnormal involuntary movement. Some
patients exhibit only orofacial TD; whereas, others dem-
onstrate abnormal involuntary movements of their ex-
tremities and truncal regions. A recent preliminary re-
port by Macciardi and colleagues (1996) found a positive
association between this Ser9Gly polymorphism of DRD3
and orofacial TD symptomatology; dyskinetic move-
ments of the trunk and extremities were not associated
with this polymorphism. Hence, it is plausible that TD
exhibited in these various body regions may have dif-
ferent underlying pathophysiological mechanisms. Al-
though data were available allowing for the stratifica-
tion of patients with regard to body regions afflicted,
our sample, when broken down into these clinical sub-
groups, did not exhibit enough statistical power to al-
low for this stratified analysis. At the present time, it re-
mains unclear as to whether or not the clinical subtypes
of TD (spontaneous dyskinesias, body localization, prob-
able TD, masked TD, transient TD, withdrawal TD, per-
sistent TD, masked persistent TD) have distinct under-
lying etiologies. Until larger sample sizes are available
for each of these subtypes, this issue of heterogeneity
will remain unclear. Also, given that our study exam-
ined patients with schizophrenia, it is quite possible
that our sample is heterogeneously biased toward a
clinical subtype of schizophrenia that is more prone to
result in TD. For example, the underlying true associa-
tion may be between DRD3 and a more severe and/or
treatment refractory form of schizophrenia that re-
quires a higher neuroleptic dose for treatment, and, as
such, these patients are more likely to exhibit TD.

A statistical limitation of this study was that the AN-
COVA assumption of equal variances across genotypic
groups was violated. As a result, we employed a less
powerful, nonparametric Kruskal–Wallis H test, which
is unaffected by violation of this assumption. The result
of this test was statistically significant, suggesting over-
all association of this DRD3 polymorphism with TD.
However, this nonparametric test does not allow for the
incorporation of additional factors, hence demographic
variables could not be considered in the model. Given
that DRD3 genotype was the only significant factor in
the parametric ANCOVA model and that the nonpara-
metric test produced a p value of .0011, it is unlikely
that this limitation of the Kruskal–Wallis H test is of
major concern.

Another statistical problem with this study is the is-
sue of multiple testing. In addition to the main AN-
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COVA model, we performed a Kruskal–Wallis H test,
as well as an analysis separating Caucasians and Afri-
can Americans. We account for this by presenting Bon-
ferroni corrected p values. As with all genetic associa-
tion studies, replication of the over-all result in an
independent sample is required to confirm our finding.
This sample is currently in the process of being col-
lected.

The results presented in this study suggest the in-
volvement of the Ser9Gly DRD3 polymorphism as a
predisposing risk factor for TD. This genetic informa-
tion may, in future, assist clinicians in determining pa-
tient susceptibility to TD and ultimately may aid in the
elucidation of the pathophysiological mechanisms.
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