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As little is known about the risk factors for abnor-
mal involuntary movements in African patients
with schizophrenia, 170 Xhosa participants with
schizophrenia were rated with the abnormal invol-
untary movement scale. Abnormal involuntary
movements occurred in 19.4% of this group.
Modeling of the data set showed that combining
age at interview, age-squared, cannabis use or
abuse, and anhedonia successfully identified
82.35% of cases of involuntary movements over-
all. Abnormal involuntary movements increased
with increasing age (in a nonlinear manner), the
presence of a cannabis use or abuse history seems
to be protective against involuntary movements,
and anhedonia is associated with the group that
displayed fewer involuntary movements.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2008; 20:317–326)

Involuntary movements (including tardive dyskine-
sia) are associated with schizophrenia and antipsy-

chotic treatment. Its prevalence ranges from 4.4% in un-
treated patients to 60% in chronically institutionalized
patients.1,2 However, little is known about involuntary
movements in indigenous African populations with
schizophrenia. Patterson et al.3 reported that 28.4% of
102 Xhosa patients met the criteria for tardive dyskine-
sia and that years of treatment and total cumulative an-
tipsychotic dose were significant predictors of tardive
dyskinesia. Holden4 found a prevalence rate of 31%
among 100 Zulu patients hospitalized for psychiatric in-
dications. Using the stringent Schooler-Kane criteria,5

Gatere et al.6 reported a prevalence of 11.9% in 202 Af-
rican inpatients with mixed diagnosis in Nairobi, Kenya.

Studies clearly indicate that there are several possible
risk factors associated with involuntary movements (in-
cluding tardive dyskinesia). Increasing age and the use
of antipsychotic medication are the factors most consis-
tently associated with the development of tardive dys-
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kinesia.7–10 Nevertheless, Waddington et al.11,12 could
not distinguish between patients with or without invol-
untary movements based on conventional indices of
neuroleptic or anticholinergic treatment. Furthermore,
involuntary movements can also occur in treatment-na-
ive patients.13 Waddington et al.11,12 could not distin-
guish tardive dyskinesia and non-tardive dyskinesia by
age and gender in this Irish sample. Oosthuizen et al.7

did not find any correlation with gender, race, or du-
ration of untreated psychosis in a study of tardive dys-
kinesia in subjects with first-episode psychosis. A num-
ber of studies, however, do suggest a role for gender
in tardive dyskinesia, with females seemingly at higher
risk for developing tardive dyskinesia, although Ger-
vin et al.1 and van Os et al.14 found either no influence
or a higher risk in males. Age of first neuroleptic ex-
posure, type of neuroleptic, diagnosis, and use of other
psychiatric medication has been shown to have little or
no effect. The abuse of alcohol or cannabis has been
associated with a higher incidence of involuntary
movements.15,16

Several studies have investigated the correlation be-
tween tardive dyskinesia and negative symptoms. The
most consistent, but not uniform, finding is that the se-
verity of tardive dyskinesia is positively associated with
negative symptoms.17 Brown and White18 divided pa-
tients into groups scoring high and low on the Scale for
the Assessment of Negative Symptoms (SANS), formed
by segregating around the median value. The group
with the high SANS scores was found to have signifi-
cantly more severe tardive dyskinesia. This is in keeping
with findings from Caligiuri et al.10 and Gervin et al.1

The latter study demonstrated an increase in overall
negative symptoms in patients with dyskinesia com-
pared to those without. Liddle19 found that both orofa-
cial and limb dyskinesia were associated with negative
symptoms. On the other hand, Bartzokis et al.20 found
a small correlation between more severe tardive dyski-
nesia and fewer negative symptoms in 25 patients, while
Chiu et al.21 found no association between negative
symptoms and tardive dyskinesia.

It would be of interest to investigate whether the
above-mentioned risk factors, especially negative symp-
toms, are associated with involuntary movements in an
African Xhosa population, as ethnic differences have
been suggested before.22 The Xhosa is an indigenous
Nguni-speaking population mainly living in the West-
ern and Eastern Cape provinces of South Africa. Previ-
ous explanatory and confirmatory factor analysis in this

population group showed that the core symptom do-
mains (negative symptom, positive symptom, positive
thought disorder, and bizarre behavior domains) of
schizophrenia in the Xhosa population are similar to
those reported in Caucasian samples.23 However, pref-
erential response to antipsychotic treatment, ethno-spe-
cific loci, and specific comorbidity patterns within this
African study population suggest heterogeneity in risk
factors for schizophrenia. The question now arises
whether unique risk factors for involuntary movements
exist in this African population group.

METHOD

One hundred seventy Xhosa patients with a diagnosis
of schizophrenia were recruited, as part of a larger ge-
netic study, from primary, secondary, and tertiary health
services in the Western Cape based on inclusion and ex-
clusion criteria. The inclusion criteria included a diag-
nosis of schizophrenia or schizoaffective disorder ac-
cording the DSM-IV criteria, Xhosa ethnic origin (4/4
grandparents reported to be of Xhosa origin), and writ-
ten consent from subjects and/or their legal caregivers.
Subjects with known medical disorders that may cause
psychosis were excluded.

Recruitment Process
Mental health workers were asked to identify possible
participants, who were then screened for suitability and
diagnosed according to DSM-IV criteria. Patients were
included in the study after providing written, informed
consent as stipulated in the protocol approved by the
local Institutional Review Board of the University of
Stellenbosch, South Africa. The father, mother, and/or
unaffected sibling of the proband were contracted to the
study in order to provide phenotypical and genealogical
information.

Assessment

Primary Assessment Measure The Diagnostic Interview
for Genetic Studies, version 2.0,24 and the Abnormal In-
voluntary Movement Scale (AIMS)25 were the primary
assessment tools and provided the data for statistical
analysis of clinical measurements. The Diagnostic Inter-
view for Genetic Studies is a clinical assessment tool de-
signed for diagnosing major mood and psychotic spec-
trum disorders and includes the Scale for the
Assessment of Negative Symptoms (SANS) and the
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Scale for the Assessment of Positive Symptoms (SAPS),
validated assessment scales for positive and negative
symptom complexes. The AIMS measures seven do-
mains of involuntary movements on a scale of 0 to 4
(0�absence of involuntary movement, 2�presence of
involuntary movement, and 4�severe involuntary
movement). The interviewers also used hospital chart
records (when available) and information gathered from
family members to supplement these interviews. Rele-
vant demographic data, medical history, treatment his-
tory, and pedigree information were collected from the
proband and family. Each subject underwent a urinary
drug screen test for drugs of abuse (including cannabis).

A trained psychiatrist and/or Xhosa psychiatric nurse
with extensive clinical experience interviewed each par-
ticipant, using an English (oral translation into Xhosa)
version of the standardized instrument (the Diagnostic
Interview for Genetic Studies). When necessary, the help
of an interpreter was utilized. In order to maintain op-
timal rating consistency over the 2-year period of re-
cruitment, regular calibration meetings were held and
all the participants were recruited at a single study site,
using the same interviewers.

Statistical Methods
Subjects were divided into two groups, those with in-
voluntary movements (AIMS�0) and those without in-
voluntary movements, which defined the dependent
variable in the statistical analysis. The decision to con-
sider any positive score on the AIMS on a cross-sectional
assessment as indicative of abnormal movements is sig-
nificantly less stringent than the Schooler-Kane criteria5

and may be overinclusive of movements that would not
necessarily lead to functional impairment. Nevertheless,
we do report on the number of participants from this
group who met criteria for tardive dyskinesia and a post
hoc classification was done according to the Morgen-
stern-Glazer criteria26 for the presence of tardive dys-
kinesia to allow for a direct comparison with Patterson
et al.3 This criterion specifies a score of “mild” on at least
two items or “moderate” on any one item of the seven
measured domains. However, the potential outcome of
this study had to consider the structure and availability
of health resources within South Africa. As the majority
of mental health treatment takes place in a community
setting under the care of nursing personnel, the use of
our criteria (presence of any positive score on AIMS)
was within the abilities of the available health resources
and assisted in the screening of patients with possible

tardive dyskinesia. Various potentially explanatory fac-
tors of involuntary movement were considered, includ-
ing age at interview, gender, subsections of the SANS,
duration of illness, drug use history, and smoking. The
binary variable, presence/absence of involuntary move-
ment, was modeled using a multivariate logistical (logit)
model. The results were confirmed by substituting a
probit model for the logit model.

RESULTS

Description of the Data
The sample consisted of 167 individuals with consistent
data (three individuals excluded based on missing vari-
ables) across the various categories of interest, of which
33 had involuntary movements. A large majority
(N�137; 82%) of subjects were male. Twelve of the 33
participants with involuntary movements (8 men) ful-
filled Morgenstern-Glazer criteria for tardive dyskine-
sia. No significant differences for age (p�0.167), dura-
tion of illness (p�0.439), or duration of treatment
(p�0.900) were detected between those who met tar-
dive dyskinesia criteria (TD� group) and those with
abnormal involuntary movement who did not meet the
tardive dyskinesia criteria (TD� group). The tardive
dyskinesia group had an average AIMS score of 14.90
(SD�2.37) compared to 6.4 (SD�3.17) in the group with
abnormal involuntary movement who did not fulfill the
tardive dyskinesia criteria (p�0.001). Seven of the 12 tar-
dive dyskinesia cases and 17 of the 21 non-tardive dys-
kinesia cases (but who exhibited abnormal involuntary
movements) had a cannabis use or abuse history.

The primary aim of this study, however, was to in-
vestigate the association between involuntary move-
ments, as defined by an AIMS score of more than 1 on
any of the domains, and various potentially relevant
characteristics. The association between characteristics
and abnormal involuntary movements are reported in a
bivariate manner in the next section, followed by a mul-
tivariate logit model that combines the explanatory
power of the various characteristics that appeared to be
individually relevant.

Bivariate Analysis of Potential Explanatory Factors
The potential explanatory factors were divided into con-
tinuous variables (e.g., age at interview) and categorical
variables (e.g., handedness).
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Continuous Explanatory Factors
The following potential explanatory factors were mea-
sured on a continuous scale: age at interview, duration
of illness, and duration of medication use. The mea-
surements of these factors were not, in fact, continuous,
but on a categorical scale with a large number of cate-
gories relative to the size of the data set. Treating these
as categorical variables would have resulted in a num-
ber of thin categories.

Age at Interview The variable “age at interview” mea-
sures the age at last birthday and showed a range of 17
to 59 years of age (mean�32.7; SD�9.96). Two hypoth-
esis tests, first assuming similar variance for both groups
and the second allowing for differences in variance, both
rejected the hypothesis of equal mean for age at inter-
view (p�0.0001). This result held for one-sided and two-
sided alternative hypotheses. Further evidence of a
likely positive relationship between involuntary move-
ments and age at interview is found by estimating a
bivariate logistic model in which age at interview is the
only predictor of the (log) odds ratio for involuntary
movements. Adding the squared value of age at inter-
view to the logistic regression improved the explanatory
power of the regression significantly: coefficient for age
at interview ��0.2629 (p�0.078); age at interview
squared �0.005 (p�0.018); Pearson goodness of fit sta-
tistic �37.5 (0.4003).

The nonlinearity in the relationship emerged clearly
as the probability of involuntary movements rose only
from 0.097 to 0.109 between the 25th percentile for age
at interview and the median but almost doubled be-
tween the median and the 75th percentile (0.211). The
hypothesis tests suggest that involuntary movements
are more prevalent in older individuals in this sample
and the logistic regressions suggest that this relationship
might be nonlinear.

Duration of Illness and Duration of Treatment The vari-
able “duration of illness” measures each individual’s
duration of illness in years. The duration of illness
ranged between 0 and 39 years (mean�9.6; SD�8.6).
Both versions of the test reject the null hypothesis (single
and two-tailed) of equal means for the involuntary
movements and no involuntary movements groups
over duration of illness. The bivariate logistic model in
which duration of illness is the only predictor of the
(log) odds ratio for involuntary movements provides
further evidence of a possible positive relationship be-

tween duration of illness and involuntary movements.
An examination of a potential nonlinear effect (similar
to that for age at interview) did not reveal evidence of
a nonlinear relationship between involuntary move-
ments and duration of illness (implied probabilities
were 0.122, 25%; 0.161, 50%; 0.241, 75%).

The measurement of duration of treatment in weeks
was problematic in that it was truncated at long dura-
tions with all durations in excess of 999 weeks grouped
in one category. The data set was divided into the full
data set and a reduced data set obtained by deleting all
individuals with duration of treatment in the highest
category. The reduced data set contained 134 individ-
uals of which 24 had involuntary movements with a
mean duration of 187.9 weeks (SD�217.5).

An apparent positive association was seen between
duration of treatment and involuntary movements, but
seemed to be driven by the large interquartile range of
the full data set. The latter was, in turn, the result of the
truncated manner in which this variable was recorded
at the longest durations. When the truncated upper cate-
gory was removed in the reduced data set, the two dis-
tributions seemed a lot more similar, even if the invol-
untary movements groups still showed a large
interquartile range and slightly higher median.

The box plots of both the full and the reduced data
sets suggest that the involuntary movement groups
have a larger dispersion of treatment duration. This
places the emphasis on the test-statistics using unequal
variances. Assuming a one-tailed alternative hypothesis
the two versions of the data yield different conclusions
at conventional levels of significance. The hypothesis of
equal means for involuntary movements and noninvo-
luntary movement groups is rejected at a 10% level of
significance for the full data set, but not for the reduced
data set. However, even the reduced data set shows evi-
dence of dissimilar means between the two groups, and
this difference is significant at 12%. A bivariate logistic
regression was used to investigate this potential rela-
tionship further. The possibility of a nonlinear relation-
ship was investigated through the inclusion of a squared
duration of treatment term, but this term did not con-
tribute significantly to an explanation of involuntary
movements. Further, the logistic regression confirmed
the message from the hypotheses tests that the positive
relationship between involuntary movements and du-
ration of treatment is stronger in the full data set (in-
cluding the truncated duration of treatment data) than
in the reduced data set. The relatively small difference
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between the probabilities at the 25th percentile (full data
set 0.156 and reduced data set 0.147), median (0.175 and
0.16), and 75th percentile (0.233 and 0.196) demonstrates
that variation in duration of treatment offers a less pow-
erful explanation for the presence of involuntary move-
ments.

Categorical Explanatory Factors
A number of potentially relevant explanatory factors
were analyzed as categorical variables, including: gen-
der, handedness, substance abuse (alcohol, cannabis),
and smoking. In addition, a number of negative symp-
toms potentially associated with involuntary move-
ments were also considered.

Gender Of the 167 individuals, 137 were men (of which
25 had involuntary movements) and 30 female (of which
8 had involuntary movements). Neither the chi-square
test nor Fisher’s exact test suggest that the gender dif-
ference is statistically significant in this sample. A bi-
variate logistic regression was done with gender as ex-
planatory factor for involuntary movements, but it was
not significant.

Handedness The data set contained information on the
handedness of the individuals, with 153 right-handed
individuals, 12 left-handed and 2 ambidextrous. Test
statistics for the formal hypothesis test offer no evidence
to reject the null hypothesis of independence at conven-
tional levels of significance. Handedness was also an in-
significant explanatory factor in a bivariate logistic re-
gression.

Substance Abuse Substance abuse could be documented
for 109 of the individuals in the sample. This consisted
of only two substances: cannabis use or abuse (N�100)
and alcohol abuse (N�53). Though alcohol abuse was
slightly more prevalent among those individuals with-
out involuntary movements than would have been ex-
pected under a hypothesis of independence (45 cases
versus 43) and involuntary movements were relatively
more prevalent among those with no record of alcohol
abuse (25 versus 23), these deviations from the expected
frequencies did not suggest evidence against the hy-
pothesis of independence at conventional levels of sig-
nificance, nor was the alcohol a significant explanatory
factor in a bivariate logistic regression function.

In the involuntary movement group, cannabis use or
abuse was less prevalent than expected (15 cases versus

20), while in the group without involuntary movements,
cannabis use or abuse was more prevalent (85 versus 80)
than would have been expected if involuntary move-
ments and cannabis use or abuse were independent. The
reported test statistics reject the null hypothesis of in-
dependence at a 10% level of significance.

The implied probability (0.269) of involuntary move-
ments in subjects with no history of cannabis use or
abuse is considerably larger than the probability of in-
voluntary movement in a subject with a history of can-
nabis use or abuse (0.15). This implies that an individual
with schizophrenia and a history of cannabis use or
abuse was less likely to show abnormal involuntary
movements at assessment.

Further continuous data were available on the dura-
tion of cannabis use or abuse and the age of first use (of
cannabis). These variables entered the data set as inter-
action effects with cannabis use or abuse (i.e., they
showed zero values for respondents without a history
of cannabis use or abuse and positive values for subjects
with a history of cannabis use or abuse). The “age of
first use” data were combined with the “age at inter-
view” data to create a new variable “maximum duration
of cannabis use or abuse” which is the difference be-
tween “age at interview” and “age of first use.” This
variable was introduced due to the fact that the variable
“duration of cannabis use or abuse” relies on memory
recall (supplemented with collateral information) and
thus “maximum duration of cannabis use or abuse” will
introduce a worst-case scenario where we assume that
a participant has abused cannabis continuously. These
data were not available for all the subjects with cannabis
use or abuse in the full data set. Accordingly, the data
set had to be reduced to 102 subjects who satisfied the
criteria of either no history of cannabis use or abuse or
known duration of cannabis use or abuse and known
first date of cannabis use.

Cross tabulation between involuntary movements
and cannabis use or abuse for this reduced data set
showed that, in the involuntary movement group, can-
nabis use or abuse was less prevalent than expected (4
cases versus 9), while in the group without involuntary
movements, cannabis use or abuse was more prevalent
(40 versus 35) than would have been expected if invol-
untary movements and cannabis use or abuse were in-
dependent. The odds ratio for involuntary movements
in subjects with no history of cannabis use or abuse
(0.415) was four times larger than the odds ratio for sub-
jects with a history of cannabis use or abuse (0.100). The



322 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 20:3, Summer 2008

ABNORMAL INVOLUNTARY MOVEMENT IN SCHIZOPHRENIA

reported test statistics reject the null hypothesis of in-
dependence at a 5% level of significance (p�0.012), i.e.,
a stronger result than reported for the full data set.

The “duration of cannabis use” (8–1508 weeks;
mean�346 weeks; SD�335.47 weeks), “age at first can-
nabis use” (10–32 years old; mean�18 years; SD�

18.682) and “max duration of use” (34 years; mean�8
years; SD�8.361) were used as interaction variables. To
determine whether these three interaction variables
(combining binary data for subjects with no history of
cannabis use or abuse and continuous information for
subjects with a history of cannabis use or abuse) add
additional information to the binary indicator of can-
nabis use or abuse for this reduced data set, four bivar-
iate logistic regressions were estimated. An additional
metric, the area under the receiver operating character-
istic curve, is reported for each regression. Following
Peng and So27 the preferred model is the model with the
greatest area under the receiver operating characteristic
curve (which indicates the greater ability to discriminate
between cases with and without involuntary move-
ments across the full range of cutoff probabilities). This
analysis confirms (in this reduced data set) the signifi-
cance of cannabis use or abuse as an explanatory factor
for involuntary movements, with cannabis use or abuse
reducing the odds of involuntary movements relative to
noninvoluntary movements. However, the continuous
information added by the two variables “duration of
cannabis use or abuse” and “maximum duration of can-
nabis use or abuse” yields a more complicated picture.
These variables suggest that longer maximum duration
of cannabis use or abuse and longer duration of canna-
bis use or abuse raise the odds of involuntary move-
ments.

In addition to the extra continuous data examined
above, further binary data were available from a urine
test conducted on the subjects. These data provide a bi-
nary indicator of the presence or otherwise of cannabis
in the subject’s urine at the time of the interview. Data
were available for 131 of the subjects and a cross tabu-
lation between involuntary movements and cannabis
use or abuse for this reduced data set was done (data
not shown). This analysis did not report evidence
against the hypothesis that involuntary movements and
urine test results are independent and suggests that a
relationship between cannabis use or abuse and invol-
untary movements is not driven by cannabis present in
the subject at the time of the interview. However, the
small number of data points in the group “involuntary

movements with cannabis use or abuse” should be a
note of caution.

Smoking Smoking is a further potential substance re-
lated explanatory factor. Smoking (136 users) had no
significant explanatory power for the prevalence of in-
voluntary movements in this sample. Furthermore,
smoking was not a significant explanatory variable in a
bivariate logistic regression with involuntary move-
ments as a dependent variable.

Negative Symptoms Avolition, alogia, anhedonia, and
affective changes were investigated as potential risk fac-
tors. The SANS for measuring the severity of the nega-
tive symptoms is a categorical scale ranging from 0 (ab-
sent) to 5 (most severe). To avoid the problem of thin
cells in the cross tabulation, this scale was aggregated
to a three-point scale where 0 corresponded to 0, 1 on
the original scale; 1 corresponded to 2, 3 on the original
scale; and 2 corresponded to 4, 5. No support for a hy-
pothesis of a relationship between involuntary move-
ments and affect, avolition, or alogia was found.

Anhedonia
Both the chi-square test and Fisher’s exact test reject the
hypothesis of independence of anhedonia and invol-
untary movements at conventional levels of significance
in this sample. More specifically, this would mean that
there were more subjects with involuntary movements
in the group without symptoms of anhedonia than
would have been expected if involuntary movements
and anhedonia were independent. Further, there were
fewer cases with involuntary movements in the group
with severe symptoms of anhedonia than would have
been expected if involuntary movements and anhedonia
were independent. The inverse association between an-
hedonia and involuntary movements was confirmed by
the bivariate logistic regression (data not shown). The
implied probabilities of involuntary movements at three
positions in the distribution of anhedonia for the re-
gression function show a considerable change in the
probability of involuntary movements between the 25th
percentile and the median of the distribution.

Multivariate Analysis
The potential explanatory factors for involuntary move-
ments were then investigated factor by factor with a se-
ries of bivariate tests. This section proposes a multivar-
iate model of the relevant explanatory factors using a
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TABLE 1. Logit Models for the Reduced Data Set

Variable Model 5 Model 6 Model 7 Model 8

Constant 0.3929 (0.885) �2.388 (0.116)* 19.003 (0.006)*** 15.360 (0.004)***
Age 0.0651 (0.150) 0.1026 (0.001)*** �1.188 (0.006)*** �0.931 (0.003)***
Age2 0.018 (0.006)*** 0.015 (0.001)***
Duration of illness 0.0513 (0.352) 0.046 (0.562)
Duration of treatment �0.0001 (0.959) 0.0026 (0.188)
Gender 0.2189 (0.806) �0.945 (0.417)
Alcohol 0.0179 (0.985) �0.393 (0.687)
Cannabis use or abuse �2.429 (0.11) �1.03 (0.119) �2.96 (0.055)* �1.77 (0.028)**†

Duration of cannabis use or abuse 0.0001 (0.971) 0.0002 (0.928)
Maximum duration of cannabis use or abuse 0.0669 (0.455) 0.0361 (0.729)
Smoking �0.412 (0.580) 1.984 (0.152)
Affect 0.6356 (0.437) 0.940 (0.117) 0.1609 (0.873)
Avolition 0.1918 (0.786) �0.202 (0.805)
Alogia 0.1628 (0.815) 0.3643 (0.654)
Anhedonia �1.984 (0.009)*** �1.788 (0.010)** �2.372 (0.006)*** �1.669 (0.012)**
Pseudo R2 0.311 0.283 0.4625 0.415
Sample size 102 102 102 102

*Significant at 10%
**Significant at 5%
***Significant at 1%
†Post hoc analysis p�0.135. Age2�0.002 and anhedonia�0.059

multivariate logistical (logit) model. The multivariate
extension is important to determine which of the iden-
tified bivariate relationships contribute independent in-
formation.

A number of logit models were estimated for the full
(data not shown) and reduced data set (Table 1). The
reduced data set was obtained by eliminating the prob-
lematic data points related to duration of treatment and
includes the extra binary and continuous information
about cannabis use or abuse. Handedness had to be
dropped as a potential explanatory factor from the re-
duced data set as there was insufficient variation in the
series (all the involuntary movement cases in the re-
duced data set were right handed). This is not a serious
loss of information given the lack of significance re-
ported in the full data set and univariate analysis.

In the reduced data set, cannabis use or abuse enters
the preferred model significantly and with a negative
coefficient. Age at interview is nonlinear in the same
way as in the full data set. A model (Table 2) which
combines age at interview, age-squared, cannabis use or
abuse, and anhedonia successfully identifies 81% of the
involuntary movement cases in the reduced data set
while 83% of the cases without involuntary movement
cases were correctly identified. The results of the post-
hoc analysis based on the stricter Morgenstern-Glazer
criteria26 did not substantially change the discriminative
value of our model (Table 2) despite a lower p value for
the variable cannabis use or abuse.

DISCUSSION

This study found involuntary movements, as defined by
a positive AIMS score, in 19.4% of this group of Xhosa
schizophrenia patients. This is within the lower range
of previously reported data in Caucasian and African
samples. It is, however, important to note that previous
studies in African population groups used samples with
mixed diagnoses3,4,6 and limited their reports to prede-
fined tardive dyskinesia criteria.

Our results support the notion (in keeping with pre-
vious findings by Gatere et al.6) that involuntary move-
ments increases with increasing age, but in a nonlinear
manner. Age had a nonlinear effect in the logit model,
with opposing signs for age (p�0.003) and age-squared
(p�0.001). The implication is that age has little impact
on the probability of involuntary movements at an ear-
lier age, but an increasing impact as age progresses. In
contrast to Patterson et al.,3 neither the duration of ill-
ness nor the duration of treatment in our sample had
any significant effect on the probability of involuntary
movements. However, Patterson’s findings only held
true for “documented” treatment duration; when pa-
tient collateral was taken into account, the significance
disappeared. This issue is partly reflected by our data,
where a large category exists with undetermined length
of treatment (category 999). This could be due to the
difficulties associated with recall bias in reporting treat-
ment duration and the problems associated with the
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TABLE 2. Diagnostic Analysis of Model 8

AIM TD

Proportion of cases correctly predicted 80.95% 72.22%
Proportion of cases incorrectly identified 19.05% 27.78%

Non-AIM/non-TD cases
Proportion of non-AIM/non-TD cases correctly predicted 82.72% 88.10%
Proportion of non-AIM/non-TD cases incorrectly predicted 17.28 % 11.90%

Total correctly classified 82.35 % 85.29%

AIM�abnormal involuntary movements; TD�tardive dyskinesia

availability of treatment records at other hospitals. Since
both Patterson’s study and our study were done in the
same country, it clearly illustrates the challenge of es-
tablishing reliable treatment records over the period of
treatment.

Waddington et al.11,12 found that those patients with
and without involuntary movements could not be dis-
tinguished by type of neuroleptic treatment. Since more
than 95% of our sample used typical antipsychotic treat-
ment, it was not possible for us to evaluate atypical ver-
sus typical antipsychotics as a risk factor for involuntary
movements. Although it can be argued that the current
trend toward the use of atypical antipsychotics makes
tardive dyskinesia or involuntary movements less of an
issue, the direct cost of atypical treatment remains a
stumbling block for its use in many developing coun-
tries. Involuntary movements due to the use of typical
antipsychotics will, for the foreseeable future, remain a
reality in these countries.

Modeling of the data set shows that a model which
combines age at interview, age-squared, cannabis use or
abuse, and anhedonia successfully identifies 82.35%
(85.29% of tardive dyskinesia) of abnormal involuntary
movements cases overall. The value of this model is that
is provides a set of clinical risk factors to identify indi-
viduals at risk for the development of involuntary
movements in an area with limited community health
resources. The three factors (age at interview, cannabis
use or abuse, and anhedonia) are relatively easy to
monitor and will not be affected significantly by cross-
sectional assessments or recall bias. Previously pub-
lished data by our group23 on an independent Xhosa
schizophrenia sample suggested that negative symp-
toms may remain relatively stable and should thus be a
reliable cross-sectional marker to use in future predictor
studies.

Cannabis remains one of the most common drugs of
abuse in South Africa. Our results seem to suggest that

a history of cannabis use or abuse may be a protective
factor against the development of involuntary move-
ments. This protection seems not to significantly depend
on current (at time of assessment) urine drug screen
status or duration of use or abuse. We regard this as a
fascinating, albeit not an altogether unexpected, finding
as several lines of evidence suggest that cannabinoid re-
ceptors play an active role in dopamine homeostasis.
Animal studies indicate that tetrahydrocannabinol
(THC) increases dopamine synthesis and release in the
CNS while inhibiting dopamine clearance via the do-
pamine transporter. Furthermore, antagonists to can-
nabinoid 1 (CB1) receptors reduce the activity of dopa-
minergic neurons in the mesolimbic area in animal
models, and interaction between THC and the canna-
banoid receptor leads to dopamine release in the me-
solimbic pathway, which mediates the reinforcing prop-
erties of cannabis.28,29

Postmortem studies in human subjects have sug-
gested that CB1 receptors are increased in the frontal
cortex of individuals with schizophrenia who used can-
nabis shortly before death,30 while elevated endogenous
cannabinoid levels have been detected in the cerebro-
spinal fluid of subjects with schizophrenia.31 Also, THC
seems to stimulate the nigrostriatal dopaminergic path-
way, which projects from dopaminergic cell bodies in
the substantia nigra of the brainstem via axons termi-
nating in the basal ganglia or striatum. This pathway is
part of the extrapyramidal nervous system and controls
motor movements. Deficiencies in this pathway may
cause movement disorders and THC mediated stimu-
lation of this pathway could, in part, explain a protective
role for cannabis in the development of movement dis-
orders.32

Anandamide, an endogenous ligand for cannabinoid
receptors, increases the release of dopamine in the stria-
tum and the mesolimbic system by activating the CB1
receptors.33 Also, stimulation of cannabanoid receptors
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can increase gamma-aminobutyric acid (GABA) in the
lateral segment of the globus pallidus and reduce glu-
tamate release in the striatum. This, in addition to Dean
et al.’s30 finding of reduced dopamine transporter in the
caudate of THC negative schizophrenia patients, sug-
gests that cannabis use may reverse dopamine trans-
porter associated changes found in schizophrenia.

Furthermore, CB1 receptors are encoded by the CNRI
gene, which was cloned by Matsuda et al.34 Ujike and
Morita29 demonstrated that certain alleles or genotypes
of the CNRI gene may confer a susceptibility for schizo-
phrenia, especially the subtype with predominantly
negative symptoms. Brown and White35 found that pa-
tients with high SANS scores had significantly more se-
vere tardive dyskinesia. Put together, these findings
could indicate that the common denominator linking in-
voluntary movements and negative symptoms in
schizophrenia may have a genetic underpinning.

The amotivational syndrome linked to long-term use
of cannabis could theoretically influence the findings on
the negative symptom scale of the SANS. However, this
syndrome more closely resembles asociality, avolition,
and apathy, which did not have a significant effect in
our study. It is therefore possible that a relationship be-
tween involuntary movements and the latter group of
negative symptoms may be obscured by the amotiva-
tional syndrome of long-term cannabis use.

According to Ujike and Morita29 an increase in CB1
receptors can be demonstrated in the caudate and pu-
tamen in schizophrenia. It is thought that this increase
in receptors may be associated with negative symptoms
and with some of the cognitive disturbances found in
schizophrenia. However, in our study, except for anhe-
donia, no significant effect for specific subcategories of
the SANS (affective changes, alogia or avolition/apathy)
were found.

What is interesting, however, is that, in our study, an-
hedonia was associated with the group that displayed
fewer involuntary movements. Anhedonia can be de-

fined as the loss of interest in, and withdrawal from, all
regular and pleasurable activities. Anhedonia and other
predominantly negative symptoms may be caused by a
dysfunction in the ventral striatum, including the nu-
cleus accumbens—a core region of the brain reward sys-
tem. Ventral striatal activity has been associated with
pleasant emotions of anticipation and ventral striatal
dysfunction has long been associated with reduced mo-
tivation or anhedonia.36 As the striatum also forms a
central part of the basic motor loop that controls move-
ment, it is possible that abnormal involuntary move-
ment and anhedonia share a common underlying patho-
logical mechanism.

One of the strengths of this study was the use of struc-
tured assessment tools in a relatively homogenous
(schizophrenia) clinical population. Nevertheless, our
study criteria for involuntary movement are specifically
not limited to tardive dyskinesia. However, the post-hoc
analysis to a large extent supports the validity of the
results for tardive dyskinesia as well.

This study demonstrates that involuntary movements
occur frequently in Xhosa patients with schizophrenia
and that increasing age, as well as a negative cannabis
use history and the absence of anhedonia, is a significant
predictor of abnormal involuntary movements. The use
of treatments that can effectively address negative
symptoms may therefore have the possibility of reduc-
ing involuntary movements in patients with schizo-
phrenia. Cannabinoid receptors may also serve as po-
tential drug targets for the treatment or prevention of
involuntary movements. In fact, Fox et al.37 tested the
hypothesis that the cannabanoid receptor agonist nabi-
lone would alleviate L-dopa-induced dyskinesia. They
demonstrated that coadministration of nabilone with L-
dopa was associated with significantly less dyskinesia.
It will also be important to investigate possible under-
lying genetic factors that could contribute to these find-
ings, including Cytochrome P450 and cannabinoid re-
ceptor polymorphisms.
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