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Abstract: To quantify the impact of chronic exposure to neuro-
leptic medication on the occurrence of tardive dyskinesia (TD), we
conducted a meta-analysis of data collected from 21 studies pub-
lished between 1966 and 1985. The observed prevalence of dyski-
nesia was greater among exposed subjects in all 21 studies; we
estimate that, on the average, the occurrence rate was 2.9 times
greater in exposed persons than would be expected if they had been
unexposed. We estimate that 65 per cent of exposed cases and 51 per
cent of all cases in these investigations were caused by long-term

neuroleptic exposure. Among adult United States residents in 1980,
we estimate that there were approximately 193,000 neuroleptic-
induced TD cases of which about 60 per cent occurred in outpatients.
We also observed substantial heterogeneity of effect (rate ratio)
across studies, however, partially explained, by changes and differ-
ences in the rate of dyskinesia, by differences in the frequency of
certain effect modifiers, and by differences in diagnostic methods.
Methodologic limitations of the studies and their possible effects on
our results are discussed. (Am J Public Health 1987; 77:717-724.)

Introduction

Tardive dyskinesia (TD) is an abnormal involuntary
movement disorder characterized primarily by chore-
oathetoid (i.e., nonrepetitive and purposeless) movements of
the orofacial region, trunk, and extremities. Although the
pathophysiology of TD is not well understood, it is believed
to occur as a relatively late side effect of long-term treatment
with neuroleptic (anti-psychotic) medication. ! TD is rapidly
becoming an important public health problem because of the
medical and psychosocial complications experienced by
cases, the purported iatrogenic origin of the disorder, and the
resulting likelihood of malpractice litigation.>” While the
disorder is now relatively common among chronic neurolep-
tic users, there does not appear to be any alternative
treatment that both relieves psychotic symptoms and is free
of dyskinetic side effects.?

Although a standard diagnostic criterion for TD is
evidence of exposure to neuroleptics for at least three months
before symptoms,®!! it is also commonly recognized that
‘‘spontaneous dyskinesias,”’ which are clinically similar to
TD, occur in the absence of exposure.'?!> Consequently, the
practice of defining TD in terms of its presumed cause limits
further attempts to understand the role of neuroleptics in the
development and course of this disorder. Most investigators
of movement disorders acknowledge that neuroleptic ex?o-
sure is neither a necessary nor sufficient cause of TD;412-14
some maintain that neuroleptics only precipitate or promote
the occurrence of TD in persons already at high risk!>!6 or
that neuroleptics may not contribute at all to its occur-
rence.'”18

The purpose of this paper is to estimate from published
data the effect of neuroleptic exposure on dyskinesia—i.e.,
the magnitude of the statistical association between exposure

Address reprint requests to Hal Morgenstern, PhD, Division of Epidemi-
ology, School of Public Health, University of California at Los Angeles, Los
Angeles, CA 90024. Mr. Nourjah is also affiliated with that department and
university; Dr. Glazer is with the Department of Psychiatry, Yale University
School of Medicine, New Haven, CT; Dr. Niedzwiecki is with the Biostatistics
Laboratory, Memorial Sloan-Kettering Cancer Center, New York City. This
paper, submitted to the Journal August 4, 1986, was revised and accepted for
publication November 20, 1986.

© 1987 American Journal of Public Health 0090-0036/87$1.50

Acronyms: AF, attributable fraction in the total population; AFE,
attributable fraction in the exposed population; CI, confidence intervals; COR,
crude odds ratio; SOR, [internally] standardized odds ratio; TD, tardive
dyskinesia.

AJPH June 1987, Vol. 77, No. 6

and the occurrence of the clinically defined disorder. From
these estimates, we will derive estimates of the impact of
neuroleptic exposure on the frequency of TD—i.e., quanti-
tative measures that reflect the number of neuroleptic-
induced cases of dyskinesia in the population.'® While effect
measures, such as the relative risk, are most useful for
making inferences about cause-and-effect relationships, im-
pact measures are more appropriate for applications involv-
ing decisionmaking, such as priority setting, program or
policy planning, clinical practice, and personal injury litiga-
tion.

Although other researchers have concluded that
neuroleptics increase the risk of dyskinesia,!">!? they have
not estimated the effect and impact of exposure, controlling
for the potentially confounding effects of age, sex, and other
differences among studies.

Methods

The selection of previous studies for our meta-analysis
was limited to published reports comparing neuroleptic users
and nonusers from the same source population. In addition,
reports had to include data on the joint distribution of
exposure status and dyskinesia as well as descriptions of
diagnostic and selection criteria. Using computer searches
for the years 1966 to 1984, a systematic review of psychiatric
journals since 1975, and references cited'-'® in many recent
publications, we found 21 studies?®-38 that met these criteria,
all of which were cross-sectional involving (point) prevalence
data. The studies were conducted in six countries and were
published between 1966 and 1985, although 14 of the 21 were
published before 1975. Reports of nine studies provided the
exposure-disease data stratified by sex, and two studies
provided age-, sex-specific data.

Descriptions of all 21 studies are summarized in Table 1.
It is important to note the differences among studies with
respect to the composition of the study population and the
criteria for diagnosing abnormal movements. For example,
some studies were restricted to elderly patients while others
included primarily young adult or middle-aged populations.
Fourteen studies involved hospitalized patients, six involved
nursing home residents, and one study was conducted among
psychiatric outpatients. Diagnostic criteria also varied con-
siderably; 12 studies relied on global assessments of dyski-
nesia by clinicians and nine used standardized instruments
for quantifying symptom severity. In all studies, information
on current and past neuroleptic exposure was abstracted
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TABLE 1—Descriptions of 21 Published Studies Comparing the Prevalence of Dyskinesia in Neuroleptic Users versus Nonusers, 1966-85

Author Year
(Ref.) Country

Study Population

Diagnosis of Dyskinesia

Demars 1966
(20)* England

Degkwitz, et al. 1967
(21)* Germany

Degkwitz, et al. 1967
(21) Germany

Degkwitz, et al. 1967
(22)* Germany

Degkwitz, et al. 1967
(22)* Germany

Siede, et al. 1967
(23) Canada

Crane 1968

(24)" Turkey
Greenblatt, et al. 1968
(25) United States

Heinrich, et al. 1968
(26)* Germany

Jones, et al. 1969
(27)* England
Hippius, et al. 1970
(28)"* Germany
Brandon, et al. 1971
(29)" England
Crane 1973

(30) United States

Crane, et al. 1974
(31) United States

Kane, et al. 1980
(32) United States

Bourgeois, et al. 1980
(33) France

Blowers, et al. 1981
(34) England
Jeste, et al. 1982
(35) United States
Owens, et al. 1982
(36) England

Lieberman, et al. 1984
(37) United States

Chacko, et al. 1985
(38) United States

488 chronic mental inpatients hospitalized for at least
3 months. Mean age = 61.

1291 hospitalized mental patients. Ages 10-89;
median = 50-54.

187 nondemented nursing home residents.
830 hospitalized mental patients. Ages 10-89.

661 hospitalized mental patients (different hospital).
Ages 10-89.

235 residents of an old-age home. Ages = 55.

137 hospitalized mental patients (all male). Mean
age = 36.

153 residents of a nursing home. Ages 36-101;
mean = 73.

755 hospitalized mental patients.

127 chronic mental inpatients hospitalized since
before 1946. Ages 41-87; mean = 64.

668 psychiatric inpatients. Ages 14—-89.

910 mental inpatients hospitalized for at least 3
months. Ages 30-80+; median = 61-64.

84 hospitalized patients. Ages >65; mean = 71.

39 hospitalized patients admitted to geriatric wards
after 1969 and having no previous exposure to
neuroleptic drugs. Ages 63-89; median = 74.

120 inpatients and 151 outpatients of one hospital.
Mean age = 32.

270 nursing home residents. Mean age = 78.

500 nursing home residents. Ages 59-102; mean =
83.

286 psychiatric inpatients. Ages = 50.

411 hospitalized patients with chronic schizophrenia.
Ages 21-91; mean = 58.

370 geriatric residents of a chronic-care facility. Ages

59-99; mean = 84.

87 outpatients from one psychiatric clinic. Ages
55-91; mean = 67.

Global assessment of abnormal orofacial movements, done blind to
neuroleptic exposure, by hospital staff.

Global assessment of hyperkinesias of orofacial area and body (ordinal
scale), by the authors.

(Same as above)
(Same as above)
(Same as above)
Giobal assessment of choreiform movements (mostly orofacial).

Gilobal assessment of involuntary movements of the fingers and ankles, by
the author.

Global assessment of abnormal orofacial and body movements, done blind
by a nurse and college student, using Crane’s method.

Assessment of orofacial choreiform movements, using a severity scale
developed and applied by the authors.

Global assessment of choreoathetosis of orofacial area and limbs, by the
authors.

Assessment of abnormal finger and toe movements, by the authors, using
Heinrich's scale.

Global assessment of persistent orofacial choreiform movements, based on
3 exams under different conditions, by the authors.

Gilobal assessment of moderate and severe dyskinesias, by the author.

Assessment of orofacial dyskinesia, by the first author, using a 7-point
severity scale.

Assessment of possible or definite dyskinesia by at least one of two
independent raters, done blind, using the Simpson Dyskinesia Scale and
the Abnormal Involuntary Movement Scale.

Assessment of abnormal movements of orofacial area and extremities, done
blind by the author, using Villeneuve’s Severity Scale.

Assessment of at least mild dyskinetic movements, using a modification of
the Abnormal Involuntary Movement Scale.

Global assessment of abnormal movements by 2 independent psychiatrists
(with exclusion criteria for differential diagnoses).

Assessment of abnormal movements in 7 anatomical areas, using the
Abnormal Involuntary Movement Scale; total score = 3.

Assessment of at least mild dyskinesia, done blind by 2 independent raters,
using the Simpson Dyskinesia Scale and the Abnormal Involuntary
Movement Scale.

Assessment of mild abnormal movements in at least one of 7 anatomical
areas, by one rater, using the Abnormal Involuntary Movement Scale.

*Studies in which the exposure-disease data are presented by sex.

**Studies in which the exposure-di

data are p d by sex and age.

from medical records. In only one study>® did the investiga-
tors attempt to confirm the medical record information with
patient recall and nurse reports.

To measure the effect of neuroleptic exposure on dys-

kinesia, we used the prevalence odds ratio which, in cross-
sectional or case-control studies, is an estimate of the
incidence rate ratio, comparing exposed with unexposed
subjects.'® To control analytically for potential confounders,
we standardized the odds ratio for age, sex, and/or ‘‘study”’
by using the exposed group as the standard population.'® The
standardized odds ratio is the ratio of the number of cases
observed in the exposed group to the number expected if
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there had been no independent effect of the exposure. Each
study was treated as a separate stratum since diagnostic and
other differences among studies may confound the observed
effect. That is, if studies with a higher frequency of neuro-
leptic use in noncases also have a higher or lower prevalence
of spontaneous dyskinesia, the crude or unstandardized odds
ratio will be a biased estimate of the true neuroleptic effect.
Tests of significance for stratified data were based on Mantel-
Haenszel statistics for several 2x2 contingency tables.!5:3
The methods of Woolf and Schlesselman®® were used to test
for heterogeneity of effect across studies and to test for a
difference in standardized effects between two groups.
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FIGURE 1—Distribution of Estimated Neuroleptic Effects for All 21 Studies:
Weighted Histogram* of the Crude Prevalence Odds Ratios

*Each bar in the histogram represents one or more studies (separated by
horizontal lines) for which the estimated odds ratio falls in the range indicated
on the horizontal axis (log scale). The weight for each study is a measure of the
precision with which the neuroleptic effect is estimated; it is the inverse of the
estimated variance of the natural log of the odds ratio.*S Although all estimated
odds ratios are greater than one, the histogram clearly reflects substantial
heterogeneity of effect among studies (p < 0.001).
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The proportion of exposed cases attributable to the
exposure—the attributable (or etiologic) fraction in the
exposed (AFE) population—is estimated in cross-sectional
studies (without the rare-disease assumption) by the quantity
(OR-1)/OR , where OR is the estimated odds ratio.!** To
control for potential confounders, we substituted the stan-
dardized odds ratio (SOR) described above for OR in the
expression for AFE.* Confidence intervals (CI) for AFE
estimates were derived from the estimated variance of the
natural log of SOR.*! To handle analyses involving zero cells,
estimates of effect and impact were based on 2x2 tables in
which .5 has been added to each cell.

The attributable fraction in the total population (AF) is
equal to the AFE times the proportion of all cases that are
exposed.'?* Thus, the AF represents the proportion of cases
potentially preventable by eliminating the exposure in the
source population.*>*? To calculate 95 per cent CI for AF
estimates, we used the method described by Whittemore*
involving a logit transformation. If the total numbers of
exposed (A) and unexposed (B) cases in the source popula-
tion are known, we can estimate the number of exposure-
induced cases (A* < A) by multiplying AFE times A or by
multiplying AF times (A + B).

Results

Estimation of Effect and Impact

The estimated prevalence of dyskinesia is greater in the
exposed group than in the unexposed group in all 21 studies.
Despite this consistent evidence for the etiologic importance
of neuroleptics, the magnitude of the association varies
considerably among studies (p < 0.001), ranging from an odds
ratio of 1.0, indicating no effect, to a value of more than 50.
The complete distribution of estimated effects is presented
graphically in Figure 1. This weighted histogram*’ shows not
only the number of studies having an estimated effect in each
category but also the relative precision with which effects are
estimated.

Results of the stratified analysis combining data from all
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21 studies are presented in Table 2. Controlling for ‘‘study’’,
we estimate that the rate of dyskinesia was 2.9 times greater
in persons exposed to neuroleptics than would be expected if
they had not been exposed. The difference between this
standardized estimate and the crude estimate (3.5) indicates
the positive confounding effect of differences among studies.
We also estimate that 65 per cent of exposed cases or 51 per
cent of all cases in these populations were attributable to
neuroleptic exposure. Thus, about 786 cases (A* = 0.652 X
1207) in these 21 studies developed dyskinesia as a result of
neuroleptic exposure.

Since age and possibly sex are risk factors for both
tardive dyskinesia'™ and spontaneous dyskinesia,'* these
factors may have confounded or modified the effect of
neuroleptic exposure. Therefore, if the age-sex distribution
differed among studies, the effect modification by age or sex
might explain part of the observed heterogeneity of effect
across studies. Table 3 presents the results of the stratified
analysis of the nine studies with published sex-specific data.
As shown in the bottom row of the Table, the estimated effect
(SOR = 2.9) and impact (AFE = 0.65) of neuroleptic
exposure, controlling for both sex and study, are nearly
identical to estimates controlling only for study.f Thus, it
appears that sex is not a confounder. Sex does appear to be
an effect modifier, however, since the standardized effect and
impact of neuroleptic exposure is somewhat greater for men
(SOR = 3.7; AFE = 0.73) than for women (SOR = 2.6; AFE
= 0.61) (p = 0.16). It should be noted that there is substantial
heterogeneity of effect even within gender groups.

In a similar analysis of the two studies?®:?° with published
age-, sex-specific data, there was little confounding due to
age or sex and additional evidence for the role of sex as an
effect modifier for the odds ratio (results not shown).

Closer inspection of the sex-specific results from the nine
studies reveals that the exposure-sex interaction effect is
observed only on a multiplicative scale. As shown in Figure
2, the standardized prevalence difference, unlike the stan-
dardized odds ratio, is a little smaller for men (11.8 per cent)
than for women (14.5 per cent). That is, the finding in Table
3 of a stronger effect in men may be due to the greater frequency
of dyskinesia in women. Although an excess rate in women has
not been observed in a few exposed populations,>4 our
finding, which is consistent with the results of most other
studies,'*!*> may reflect a higher frequency of affective disor-
ders’'>2 and degenerative nonvascular dementias®>-S in wom-
en, both of which may be risk factors for dyskinesia.3:!4-16.56-60

Heterogeneity of Effect

The observed heterogeneity of effect across studies may
be due to actual differences, methodologic artifacts, or
chance. To help explain the variability, we have further
stratified the 21 studies separately by five dichotomous
variables: year of publication (before 1970 vs 1970+); country
(US vs other); type of study population (hospital inpatients vs
other); diagnostic instrument (quantitative severity scale vs
global assessment); and diagnostic method (blind vs not blind
to exposure status). The results, presented in Table 4, suggest
some difference in effect and/or impact between groups of
studies classified by each of these variables. The largest
difference is observed for year of publication. While the
estimated SOR was 6.9 (95% CI = 4.8, 9.9) for studies
published before 1970, the corresponding estimate was 2.1

{This finding holds when comparing the above estimates to both the
results shown in Table 2 (all 21 studies) and the results standardizing only for
study in Table 3 (nine studies).
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TABLE 2—Estimated Prevalence of Dyskinesia, by Status of Exposure to Neuroleptic
Medications, and Estimated Neuroleptic Effect: Meta-Analysis of 21 Studies,

1966-85
Standardized
Neuroleptic Crude Odds Attributable
Exposure No. No. Preva-  Odds Ratio Ratio” Fraction*
Status Subjects Cases lence (95% Cl) (95% Cl) (95% ClI)
Exposed 4952 1207 0.244 3.49 2.87 0.652
(3.06, 3.98) (2.34,3.52) (0.573,0.716)
Unexposed 3808 322 0.085 1.00 1.00 —
Total 8760 1529 0.175 —_ - 0.512
(0.445, 0.578)

*Standardized for “study,” using the exposed group as the standard population. The odds ratio varies

substantially across studies (p < 0.001).

TABLE 3—Estimated Effect and Impact of Neuroleptic Exposure on Dyskinesia,} by Sex: Meta-analysis of Nine
Prevalence Studies with Published Sex-specific Data

Effect Impact
Sex Sample Size CcOR sOR* AFE* 95% CI (AFE) AF* 95% CI (AF)
Male 2783 5.4 3.7t 0.73 0.61, 0.82 0.62 0.51,0.72
Female 3084 40 26t 0.61 0.45, 0.73 0.54 0.42, 0.65
Total 5867 4.9 2.9t 0.65 0.54, 0.73 0.57 0.48, 0.65

*Estimates for each sex are standardized for “study”, and estimates for the total population are standardized for both “study” and

sex. All estimates are different from their null values (p < 0.001).

tThere is heterogeneity of effect across studies (p < 0.05). The estimated SORs for men and women are somewhat different p=

0.16).

$COR = crude odds ratio; SOR = internally standardized odds ratio; AFE = attributable fraction in the exposed population; AF =

attributable fraction in the total population; Cl = confidence intervals.
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FIGURE 2—Comparison of Dyskinesia Prevalence (%) in Exposed (EXP) versus
Unexposed (UNEXP) Subjects* in Nine Studies, by Sex (number of subjects)
*Sex-specific prevalences for unexposed subjects are standardized to the study-
specific distributions of the corresponding exposed groups. Dotted lines indicate
crude prevalences in the unexposed groups.

(95% CI = 1.7, 2.7) for studies published later. This difference
isreflected in the estimates of AFE (86 per cent vs 53 per cent)
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and AF (78 per cent vs 38 per cent). It appears, therefore, that
the effect and impact of neuroleptic exposure has decreased
during the past 20 years.

One possible explanation for this time trend is that it
reflects our choice of the odds ratio as a measure of effect
(i.e., the multiplicative scale) and results from the increasing
rate of dyskinesia over time (analogous to the exposure-sex
interaction effect). To address this hypothesis, we estimated
the time trends in prevalence separately for subjects exposed
and not exposed to neuroleptics, using weighted least-
squares regression.®! As shown in Figure 3, there were
modest linear increases for both groups (p < 0.01). The
average rate of increase in prevalence was 62 per cent larger
for exposed subjects (1.5 per cent per year) than for unex-
posed subjects (0.9 per cent per year), although this differ-
ence may be due to chance (p = 0.22). Thus, the prevalence
difference may have increased a little over time even though
the odds ratio decreased during the same period. Since the
rate of TD is likely to be related to the duration of neuroleptic
exposure, ' the difference in slopes in Figure 3 might be
due to the likely increase in the average duration of neuro-
leptic exposure over the past two decades. Alternatively, the
difference in slopes might be due to the increasing use of
neuroleptics in high-risk groups (e.g., those with affective
disorders or degenerative dementias).

The finding that both exposed and unexposed subjects
show positive trends might indicate an increase in the
prevalence of other risk factors for dyskinesia, such as the
psychiatric disorders mentioned above. Alternatively, since
the frequency estimates are based on prevalence (not inci-
dence) data, the positive trends in both groups might indicate
an increasing proportion of persistent or irreversible cases
whose symptoms last relatively longer. This change in

AJPH June 1987, Vol. 77, No. 6
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TABLE 4—Estimated Effect and Impact of Neuroleptic Exposure on Dyskinesia,} by Year of Publication,
Country, Type of Study Population (hospital inpatients vs other), Diagnostic Instrument (quanti-
tative severity scale vs global assessment), and Diagnostic Method (blind vs not blind to
neuroleptic exposure): Meta-analysis of 21 Prevalence Studies, 1966-85

Effect Impact

Group Sample Size COR  SOR*  AFE*  95% CI (AFE) AF*  95% CI (AF)
Before 1970 4864 109 69§ 086 0.79, 0.90 0.78 0.70, 0.84
1970+ 3896 24 211§ 053 0.40, 0.63 0.38 0.30, 0.48
United States 1290 67 36 0.72 0.52, 0.84 0.59 0.41,0.74
Not US 7470 31 28t 0.64 0.55, 0.71 0.50 0.43, 0.57
Hospital 6687 53 29t 0.66 0.57,0.73 0.58 0.49, 0.66
Other 2073 26 27t 0.64 0.45, 0.76 0.33 0.24, 0.43
Severity Scale 3371 24 26 0.62 0.49, 0.71 0.46 0.37, 0.56
Global Assessment 5389 56 32t 0.69 0.59, 0.77 0.58 0.50, 0.66
Blind Assessment 1552 21 24t 0.58 0.27,0.76 0.39 0.23, 0.58
Not Blind 7208 38 30t 0.66 0.58, 0.73 0.53 0.46, 0.60
Total 8760 35 29t 0.65 0.57, 0.72 0.51 0.45, 0.58

*Estimates are standardized for “study"”, using the exposed group as the standard population. All estimates differ from their null values
= %?;rt is substantial heterogeneity of effect across studies (p < 0.01); for the two remaining groups, there is little heterogeneity (p
>. 0 1;)1)‘he two estimated SORs differ substantially from each other (p < 0.001); for the other 4 group comparisons, the SORs are more
snmnla;ég; g‘?:?llﬁe odds ratio; SOR = intemally standardized odds ratio; AFE = attributable fraction in the exposed population; AF =
attributable fraction in the total population; Cl = confidence intervals. -

609

o ExposeD
©O UNEXPOSED )

g

PrevaLENCE (2)
8

v v @ R T T T

70 7 % te 18 80 82 86
YEAR OF PuBLICATION

FIGURE 3—Estimated Time Trends* in Dyskinesia Prevalence for Persons
Exposed and Unexposed to Neuroleptics: Weighted Least Squares Regression
Analyses of 21 Prevalence Studies, 1966-85

*The estimated slopes (and standard errors) are 0.0153 (0.00317; p < 0.001; R2
= 0.462) for exposed persons and 0.0094 (0.00293; p = 0.005; R? = 0.352) for
unexposed persons. Thus the slope is 62% steeper in the exposed group than in
the unexposed group (p = 0.22).
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chronicity might be due to the increasing frequency of certain
prognostic factors, such as exposure to anticholinergic
drugs.%? It is unlikely, however, that the observed trends
were due to an increasing sensitivity (or decreasing specific-
ity) of diagnostic methods since our estimate of the slope for
exposed subjects was nearly identical to the finding of Kane,
et al,? who limited their trend analysis to studies employing
similar and reliable diagnostic procedures and criteria.
Despite the marked decrease in the odds ratio between
1966 and 1985, this trend probably does not completely
explain the heterogeneity of effect over our 21 studies. One
reason for this inference is that there is substantial hetero-
geneity of effect within each period, 1966-69 and 1970-85

AJPH June 1987, Vol. 77, No. 6

(Table 4). In addition, stratification on the other variables in
Table 4 also affects the results. For example, the estimated
effect and impact are less in studies involving quantitative
severity scales for identifying cases and in studies involving
diagnostic procedures that are blind to exposure status than
in studies involving global assessment and nonblinded pro-
cedures. Since the former methods are probably more reli-
able and valid than the latter, our estimates of effect and
impact summarized in Tables 2 and 3 may be exaggerated.
Specifically, the ‘‘true’ rate ratio, reflecting the effect of
neuroleptic exposure, may be between 2.4 and 2.6, rather
than 2.9. It is also likely that the resulting disease misclas-
sification contributed to the inconsistency of results across all
21 studies. This possibility is supported by the observation of
relatively less heterogeneity of effect in those studies involv-
ing severity scales (Table 4).

Another finding in Table 4 is the larger effect and impact
of neuroleptic exposure in the United States than in other
countries. This difference cannot be explained by previous
results since all but one US study were done after 1970 and
they tended to employ more accurate diagnostic procedures.
Furthermore, this difference in effects is not due simply to our
choice of the multiplicative scale, since both the standardized
odds ratio and standardized prevalence difference are larger
in the United States. It is possible, therefore, that the US
study populations had a higher frequency of one or more
factors that enhanced (modified) the effect of neuroleptic
exposure on TD. For example, because US psychiatrists are
said to diagnose many patients with affective disorders as
schizophrenics, at least before 1978, exposed groups in US
studies may have included a higher proportion of patients with
affective disorders than did exposed groups in other countries.

Finally, the estimated SOR and AFE are approximately
the same for hospitalized inpatients and nonhospitalized
individuals (Table 4). It should be noted, however, that the
attributable fraction in the total population (AF) is substan-
tially higher in hospitalized populations (58 per cent) than in
nonhospitalized populations (33 per cent) because the fre-
quency of neuroleptic exposure is much greater in the former.
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TABLE 5—Estimated Impact of Neuroleptic Exposure on TD Prevalence among US Aduit Residents (Ages >

17) in 1980, by Residence Status

Mental Nursing Not in an Total
Inpatients Home Institution Population
No. Adults (Ages > 17)
Living in USt 245,029 1,426,371 161,119,445 162,790,845
No. (%) Persons Exposed
to Neuroleptics within the
Past Year§ —_ —_ 2,033,414 —
(1.26)
No. (%) Persons
Chronically Exposed to
Neuroleptics* 153,632 326,028 677,805 1,157,465
(62.7) (22.9) (0.42) (0.71)
No. TD Cases (A) among
Persons Chronically
Exposed to Neuroleptics? 38,408 81,507 169,451 289,366
No. TD Cases (A*)
Attributable to Neuroleptic
Exposuret 25,580 54,284 112,854 192,718

tAccording to the 1980 US Census (references 63 and 64).

§According to a 1979 national survey of US adults (reference 65).

“Chronic exposure is daily exposure for atleast 3 or 4 continuous months. The proportion of exposed (noninstitutionalized) outpatients
who were chronically exposed was assumed to be 33% (reference 65).

The prevalence of TD is assumed to be 25% among chronic neuroleptic users in each residence population (references 1, 2, and

4).

$The attributable fraction in the exposed population (AFE) is assumed to be 66.6% in each residence population, based on the results
of the 4 US studies published after 1975 (references 32, 35, 37, and 38).

Estimation of Attributable Number and Attributable Risk

To estimate the number (A*) of adult TD cases attrib-
utable to the effect of neuroleptic treatment in the United
States in 1980, we have combined results from four sources:
our meta-analysis of 21 prevalence studies; other reviews of
the TD literature;!-2* the 1980 US Census;**%5 and a 1979
national survey of psychotropic drig use.% Our calculations
are summarized in Table 5 by type of residence: psychiatric
hospitals, nursing homes, and other living quarters
(noninstitutions).

According to the 1979 survey,® 1.0 per cent of
noninstitutionalized adult men between the ages of 18 and 79
and 1.5 per cent of noninstitutionalized adult women used
neuroleptic medications within the past year. Among neuro-
leptic users, about one-third received their medications on a
daily basis for at least four months. We have assumed that
this group of *‘chronic’’ users represents the exposed popu-
lation at risk of TD.>'' The comparable rates of chronic
exposure in institutionalized populations were estimated
from our data to be 63 per cent in mental patients and 23 per
cent in hursing home residents; both estimates are consistent
with the results of other restricted surveys of similar popu-
lations.®-7° The prevalence of TD in 1980 among exposed
adults in each residence population was assumed to be 25 per
cent, according to consistent estimates from three composite
analyses'>4 (see also Table 2). To derive the attributable
number, we multiplied the number of TD cases in each group
by our estimate of the AFE (66.6 per cent), which is based on
the four US studies published after 1975.3235:37.38 From these
calculations, we estimate that there were about 193,000
neuroleptic-induced cases of TD among US adults in 1980, of
which about 60 per cent occurred in noninstitutionalized
patients. These estimates are probably a little conservative
since they ignore persistent cases, especially among inpati-
ents, in whom neuroleptic drugs had previously been discon-
tinued.

The attributable risk (or risk difference) is equal to the
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attributable number (A*) divided by the total number of
exposed persons at risk in the source population.”! Using the
results in Table 5 for US adults in 1980, we estimate the
attributable risk to be 192,178/1,157,465, which is equal to
about 17 per cent. That is, for every 100 persons initially
exposed to neuroleptics and maintained on the drug for at
least three months, we would expect to observe 17 cases of
TD which would not have occurred in the absence of the
exposure. We must emphasize, however, that since this
finding is based on prevalence data, it may reflect the course
of the disorder as well as its development. Furthermore, the
attributable risk probably varies with the duration of expo-
sure because the cumulative incidence of TD increases with
increasing duration of exposure.> Yet we do not have valid
and consistent estimates of this dependency since it is not
clear how the incidence rate (incidence density) of TD varies
with duration of exposure, especially after several years,’2-76
and since the effect of exposure duration is probably con-
founded with the effect of age at first exposure.’® If we were
able to estimate the attributable risk by age and duration of
exposure (and other relevant factors), physicians and clinical
administrators could use these estimates to make informed
decisions about weighing the risks, benefits, and costs of: 1)
maintenance neuroleptic therapy; 2) various tests (e.g., CT
scans) for making differential diagnoses; and 3) alternative
institutional policies for TD screening.

Discussion

Perhaps the greatest limitation of the studies included in
this analysis is that they are all cross-sectional.!®”” Thus, we
cannot determine from the data alone to what extent neuro-
leptic exposure increased the risk of TD or affected the
course of the disease among cases. Since all studies involved
clinical populations, it is also possible that certain results
were biased by different utilization rates for cases and
noncases (i.e., Berkson's bias). In addition, observed cases
of dyskinesia were selected from studies conducted in six
countries and, therefore, may not be representative of all
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cases in any target population, making generalizations some-
what difficult. Although there do seem to have been differ-
ences in effect among countries, such differences are difficult
to separate from the temporal trend described above. Fur-
thermore, it is possible that the likelihood of negative results
being published changed over time as dyskinesia and its
possible relationship with neuroleptic exposure became more
recognized and controversial.

Another potential source of bias is the possible misclas-
sification of case status. Although we have controlled ana-
lytically for diagnostic differences among studies (by stan-
dardizing for ‘‘study’’), misclassification bias might still have
occurred within studies. There are two reasons to support
this contention. First, there is clinical evidence suggesting
that high doses of neuroleptic medication can mask the
symptoms of TD, which later appear when the dose is
reduced or the medication is discontinued.’*'° The influence
of this masking phenomenon would be to reduce the esti-
mated effect in a prevalence study. Of course, it is quite
possible that the degree of masking varied among the 21
studies. The second basis for misclassification bias is that
methods of rating dyskinetic symptoms may not have been
very accurate in certain studies. This possibility is very
difficult to rule out, since most of the authors did not
demonstrate the reliability or validity of their diagnostic
methods. As we have already pointed out, those studies
involving better diagnostic methods (i.e., quantitative sever-
ity scales and blind assessment) provided somewhat smaller
estimates of neuroleptic effect and impact, partially account-
ing for the heterogeneity observed among studies (Table 4).

Misclassification bias might also have resulted from the
collection of exposure data. Although determination of cur-
rent neuroleptic exposure is quite straightforward in clinical
settings where patients receive their medications, use of
medical records to determine previous exposure is certainly
prone to error. Most likely, there would be a tendency to
misclassify some previous users as never exposed, especially
among noncases, which would result in an overestimate of
the true effect. If, on the other hand, exposure misclassifica-
tion was the same for cases and noncases, the effect would
have been underestimated.'® Another source of exposure
misclassification, especially with outpatients, is noncompli-
ance with prescribed medications. Yet we do not think that
noncompliance was a major source of bias in our analyses
because the estimated exposure effect was about the same in
hospitalized and nonhospitalized populations (Table 4).

Finally, in any observational study, there is always the
possibility of confounding by unmeasured and, perhaps,
unknown risk factors for the disease. Although we found no
evidence for confounding by age and sex, neither the original
investigators nor we were able to control for differences in
psychopathology and the use of other drugs, both of which
may affect the risk of dyskinesia.'™*!3 Given the relative lack
of knowledge of the etiology and course of both tardive and
spontaneous dyskinesias, it is important to conduct addition-
al follow-up studies of these disorders to identify other risk
and prognostic fctors.

In summary, our meta-analysis of 21 published preva-
lence studies has found that long-term exposure to neurolep-
tics is consistently related to the presence of dyskinetic
movements. Also observed, however, was substantial het-
erogeneity of effect and impact across studies. We believe
that this heterogeneity was largely due to three phenomena:
1) changes and differences between populations in the rate of
both tardive and spontaneous dyskinesias; 2) differences in
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the frequency of certain modifiers of the neuroleptic effect;
and 3) differences in diagnostic methods.

Despite several methodologic limitations with the avail-
able studies covered in this report, we believe that our
statistical approach of impact estimation may play an impor-
tant role in bridging the gap between epidemiologic research
and decision-making activities, such as clinical practice,
health planning, policy making, and litigation. We hope that
similar meta-analytic approaches will be applied in the future
to better data sets collected from well-designed prospective
studies of dyskinesia and other diseases.

ACKNOWLEDGMENTS
This research was supported in part by a Biomedical Research Support
Grant from the Yale Department of Epidemiology and Public Health and by a
Mental Health Clinical Research Center Grant (No. MH 30929) from the Yale
Department of Psychiatry. The authors would like to thank Dr. James Wegner
for his helpful comments.

REFERENCES

. Jeste DV, Wyatt RJ: Understanding and Treating Tardive Dyskinesia.

New York: Guilford Press, 1982.

2. Kane JM, Smith JM: Tardive dyskinesia: prevalence and risk factors, 1959
to 1979. Arch Gen Psychiatry 1982; 39:473-481.

3. Kane JM, Woerner M, Lieberman J, Kinon B: Tardive dyskinesia. In:
Jeste DV, Wyatt RJ (eds): Neuropsychiatric Movement Disorders. Wash-
ington, DC: American Psychiatric Press, 1984; 97-118. Chapter 5.

4. Baldessarini RJ: Clinical and epidemiologic aspects of tardive dyskinesia.
J Clin Psychiatry 1985; 46(4, Sec. 2):8-13.

5. Gardos G, Cole JO: Overview: public health issues in tardive dyskinesia.
Am J Psychiatry 1980; 137:776-781.

6. Gualtieri CT, Sprague RL: Preventing tardive dyskinesia and preventing
tardive dyskinesia litigation. Psychopharmacol Bull 1984; 20:346-348.

7. Wettstein RM, Appelbaum PS: Legal liability for tardive dyskinesia. Hosp
Comm Psychiatry 1984; 35:992-994.

8. Casey DE, Gerlach J: Clinical management of tardive dyskinesia. In:
DeVeaugh-Geiss J (ed): Tardive Dyskinesia and Related Involuntary
Movement Disorders: The Long-Term Effects of Antipsychotic Drugs.
Boston: John Wright, PSG, 1982; 85-107, Chapter 8.

9. Baldessarini RJ, Cole JO, Davis JM, er al: Tardive Dyskinesia: Report of
the American Psychiatric Association Task Force on Late Neuroleptic
Effects of Antipsychotic Drugs. Task Force Report No. 18:23-42. Wash-
ington, DC: American Psychiatric Association, 1980.

10. Schooler NR, Kane JM: Research diagnoses for tardive dyskinesia (letter
to the editor). Arch Gen Psychiatry 1982; 39:486—487.

11. Klawans HL: Recognition and diagnosis of tardive dyskinesia. J Clin
Psychiatry 1985; 46(4, Sec. 2):3-7.

12. Casey DE: Spontaneous and tardive dyskinesias: clinical and laboratory
studies. J Clin Psychiatry 1985; 46(4, Sec. 2):42—47.

13. Casey DE, Hansen TE: Spontaneous dyskinesias. In: Jeste DV, Wyatt RJ
(eds): Neuropsychiatric Movement Disorders. Washington. DC: Ameri-
can Psychiatric Press, 1984; 67-95, Chapter 4.

14. Waddington JL, Youssef HA, Molloy AG, O’Boyle KM, Pugh MT:
Association of intellectual impairment, negative symptoms, and aging with
tardive dyskinesia: clinical and animal studies. J Clin Psychiatry 1985; 46
(4, Sec. 2):29-33.

15. Marsden CD: Is tardive dyskinesia a unique disorder? In: Casey DE,
Chase TN, Christensen AV, Gerlach J (eds): Tardive Dyskinesia: Re-
search and Treatment. Berlin: Springer-Verlag, 1985. 64-71.

16. Owens DGC: Involuntary disorders of movement in chronic schizophre-
nia—the role of the illness and its treatment. In: Casey DE, Chase TN,
Christensen AV, Gerlach J (eds): Tardive Dyskinesia: Research and
Treatment. Berlin: Springer-Verlag, 1985; 79-87.

17. Crow TJ, Cross AJ, Johnstone EC, Owen F, Owens DGC, Waddington JL:
Abnormal involuntary movements in schizophrenia: are they related to the
disease process or its treatment? are they associated with changes in
dopamine receptors? J Clin Psychopharmacol 1982; 2:336-340.

18. Crow TJ, Owens DGC, Johnstone EC, Cross AJ, Owen F: Does tardive
dyskinesia exist? Mod Probl Pharmacopsychiatry 1983; 21:206-219.

19. Kleinbaum DG, Kupper LL, Morgenstern H: Epidemiologic Research:
Principles and Quantitative Methods. Belmont, CA: Lifetime Learning
Publications, 1982.

20. Demars J-PCA: Neuromuscular effects of long-term phenothiazine med-
ication, electroconvulsive therapy and leucotomy. J Nerv Ment Dis 1966;
143:73-79.

21. Degkwitz R, Wenzel W: Persistent extrapyramidal side effects after
long-term application of neuroleptics. In: Brill H (ed):

723



MORGENSTERN, ET AL.

22

23.
24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

38.

39.

41.

42.
43.

45.

47.

48.

49.

50.

51.

Neuropsychopharmacology. Amsterdam: Excerpta Medica Foundation,
1967; 608-615.

Degkwitz R, Binsack KF, Hekert H, Luxenburger O, Wenzel W: Zum
Problem der persistierenden extrapyramidalen Hyperkinesen nach
langfristiger Anwendung von Neuroleptika. Der Nervenartz 1967;
38:170-174.

Siede H, Miiller HF: Choreiform movements as side effects of phenothi-
azine medication in geriatric patients. J Am Geriatr Soc 1967; 15:517-522.
Crane GE: Dyskinesia and neuroleptics. Arch Gen Psychiatry 1968;
19:700-703.

Greenblatt DL, Dominick JR, Stotsky BA, DiMascio A: Phenothiazine-
induced dyskinesia in nursing-home patients. J Am Geriatr Soc 1968;
16:27-34.

Heinrich K, Wegener I, Bender H-J: Spite extrapyramidale Hyperkinesen
bei neuroleptischer Langzeittherapie. Pharmakopsychiatrie 1968;
1:169-195.

Jones M, Hunter R: Abnormal movements in patients with chronic
psychiatric illness. In: Crane GE, Gardner R (eds): Psychotropic Drugs
and Dysfunctions of the Basal Ganglia. PHS Pub. No. 1938. Washington,
DC: USGPO, 1969; 53-62.

Hippius von H, Lange J: Zur Problematik der spiten extrapyramidalen
Hyperkinesen nach langfristiger neuroleptischer Therapie. Arzneimittel-
Forsch 1970; 20:888-890.

Brandon S, McClelland HA, Protheroe C: A study of facial dyskinesia in
a mental hospital population. Br J Psychiatry 1971; 118:171-184.

Crane GE: Persistent dyskinesia. Br J Psychiatry 1973; 122:395—405.
Crane GE, Smeets RA: Tardive dyskinesia and drug therapy in geriatric
patients. Arch Gen Psychiatry 1974; 30:341-343.

Kane J, Wegner J, Stenzler S, Ramsey P: The prevalence of presumed
tardive dyskinesia in psychiatric inpatients and outpatients.
Psychopharmacology 1980; 69:247-251.

Bourgeois M, Bouilh P, Tignol J, Yesavage J: Spontaneous dyskinesias vs
neuroleptic-induced dyskinesias in 270 elderly subjects. J Nerv Ment Dis
1980; 168:177-178.

Blowers AJ, Borison RL, Blowers CM, Bicknell DJ: Abnormal involun-
tary movements in the elderly (letter to the editor). Br J Psychiatry 1981;
139:363-364.

Jeste DV, Wyatt RJ: Understanding and Treating Tardive Dyskinesia.
New York: Guilford Press, 1982; 17-20.

Owens DGC, Johnstone E, Frith CD: Spontaneous involuntary disorders
of movement: their prevalence, severity, and distribution in chronic
schizophrenics with and without treatment with neuroleptics. Arch Gen
Psychiatry 1982; 39:452-461.

Lieberman J, Kane JM, Woerner M, Weinhold P: Prevalence of tardive
dyskinesia in elderly samples. Psychopharmacol Bull 1984; 20:22-26.
Chacko RC, Root L, Marmion J, Molinari V, Adams GL: The prevalence
of tardive dyskinesia in geropsychiatric outpatients. J Clin Psychiatry
1985; 46:55-57.

Schlesselman JJ: Case-Control Studies: Design, Conduct, Analysis. New
York: Oxford University Press, 1982; 193-194.

. Miettinen OS: Proportion of disease caused or prevented by a given

exposure, trait or intervention. Am J Epidemiol 1974; 99:325-332.
Greenland S: Interpretation and estimation of summary ratios under
heterogeneity. Stat Med 1982; 1:217-227.

Levin ML: The occurrence of lung cancer in man. Acta Unio
Internationalis contra Cancrum 1953; 9:531-541.

Morgenstern H, Bursic ES: A method for using epidemiologic data to
estimate the potential impact of an intervention on the health status of a
target population. J Community Health 1982; 7:292-309.

. Whittemore AS: Estimating attributable risk from case-control studies.

Am J Epidemiol 1983; 117:76-85.
Greenland S: Quantitative methods in the review of epidemiologic liter-
ature. Epidemiol Rev (in press).

. Chouinard G, Annable L, Ross-Chouinard A, Nestoros JN: Factors

related to tardive dyskinesia. Am J Psychiatry 1979; 136:79-83.
Ezrin-Waters C, Seeman MV, Seeman P: Tardive dyskinesia in schizo-
phrenic outpatients: prevalence and significant variables. J Clin Psychiatry
1981; 42:16-22.

Mukherjee S, Rosen AM, Cardenas C, Varia V, Olarte S: Tardive
dyskinesia in psychiatric outpatients: a study of prevalence and associa-
tion with demographic, clinical, and drug history variables. Arch Gen
Psychiatry 1982; 39:466-469.

Kolakowska T, Williams AO, Ardern M, Reveley MA: Tardive dyskinesia
in schizophrenics under 60 years of age. Biol Psychiatry 1986; 21:161-169.
Morgenstern H, Glazer WM, Gibowski LD, Holmberg S: Predictors of
tardive dyskinesia: results of a cross-sectional study in an outpatient
population. J Chronic Dis (in press).

Weissman MM, Klerman GL: Sex differences and the epidemiology of

724

52.

53.

54.

ss.
56.

57.
58.

59.

61.
62.
63.

65.
66.

67.

69.

70.

71.

72.

73.

74.

75.

76.

77.

depression. Arch Gen Psychiatry 1977; 34:98-111.

Dean A: On the epidemiology of depression. In: Dean A (ed): Depression
in Multidisciplinary Perspective. New York: Brunner/Mazel, 1985; 5-31,
Chapter 1.

Schoenberg BS, Anderson DW, Haerer AF: Severe dementia: prevalence
and clinical features in a biracial US population. Arch Neurol 1985;
42:740-743.

Sulkava R, Wikstrom J, Aromaa A, Raitaslao R, Lehtinen V, Lahtela K,
Palo J: Prevalence of severe dementia in Finland. Neurology 1985;
35:1025-1029.

Katzman R: Alzheimer’s disease. N Engl J Med 1986; 314:964-973.
Rosenbaum AH, Niven RG, Hanson NP, Swanson DW: Tardive dyski-
nesia: relationship with a primary affective disorder. Dis Nerv System
1977; 38:423-427.

Rush M, Diamond F, Alpert M: Depression as a risk factor in tardive
dyskinesia. Biol Psychiatry 1982; 17:387-392.

Glazer WM, Moore DC, Schooler NR, Brenner LM, Morgenstern H:
Tardive dyskinesia: a discontinuation study. Arch Gen Psychiatry 1984;
41:623-627.

Owens DGC, Johnstone EC, Crow TJ, Frith CD, Jagoe JR, Kreel L:
Lateral ventricular size in schizophrenia: relationship to the disease
process and its clinical manifestations. Psychol Med 1985; 15:27—41.

. Wegner JT, Catalano F, Gibralter J, Kane JM: Schizophrenics with tardive

dyskinesia: neuropsychological deficit and family psychopathology. Arch
Gen Psychiatry 1985; 42:860-865.

Snedecor GW, Cochran WG: Statistical Methods. 6th Ed. Ames, IA: Iowa
State University Press, 1967; 246-248.

Gardos G, Cole JO: Tardive dyskinesia and anticholinergic drugs. Am J
Psychiatry 1983; 140:200-202.

Pope HG Jr, Lipinski JF Jr: Diagnosis in schizophrenia and manic-
depressive illness: a reassessment of the specificity of ‘schizophrenic’
symptoms in the light of current research. Arch Gen Psychiatry 1978;
35:811-828.

. US Department of Commerce, Bureau of the Census: 1980 Census of

Population: General population characteristics, United States Summary.
Vol. 1, Chapter B, Part 1. PC80-1-B1. Washington, DC: USGPO, 1983: 27.
US Department of Commerce, Bureau of the Census: Statistical Abstract
of the United States: 1984, 104th Ed. Washington, DC: USGPO, 1983; 56.
Mellinger GD, Balter MB: Prevalence and patterns of use of
psychotherapeutic drugs: results from a 1979 national survey of American
adults. In: Tognoni G, Bellantuono C, Lader M (eds): Epidemiological
Impact of Psychotropic Drugs. Amsterdam: Elsevier/North-Holland Bio-
medical Press, 1981; 117-135.

Laska E, Varga E, Wanderling J, Simpson G, Logemann GW, Shah BK:
Patterns of psychotropic drug use for schizophrenia. Dis Nerv System
1973; 34:294-305.

. Prien RF, Haber PA, Caffey EM Jr: The use of psychoactive drugs in

elderly patients with psychiatric disorders: survey conducted in twelve
Veterans Administration hospitals. ] Am Geriatr Soc 1975; 23:104-112.
US Department of Health, Education, and Welfare, Public Health Service,
Office of Long Term Care: Physicians’ Drug Prescribing Patterns in Skilled
Nursing Facilities, Long Term Care Facility Improvement Campaign,
Monograph No. 2. Washington, DC: USGPO, 1976; 53.

Ray WA, Federspiel CF, Schaffner W: A study of antipsychotic drug use
in nursing homes: epidemiologic evidence suggesting misuse. Am J Public
Health 1980; 70:485-491.

Robins JM, Landrigan PJ, Robins TG, Fine LJ: Decision-making under
uncertainty in the setting of environmental health regulations. J Public
Health Policy 1985; 6:322-328.

Kane JM, Woerner M, Weinhold P, Wegner J, Kinon B: A prospective
study of tardive dyskinesia development: preliminary results. J Clin
Psychopharmacol 1982; 2:345-349.

Kane JM, Woerner M, Weinhold P, Wegner J, Kinon B: Incidence of
tardive dyskinesia: five-year data from a prospective study.
Psychopharmacol Bull 1984; 20:39-40.

Toenniessen LM, Casey DE, McFarland BH: Tardive dyskinesia in the
aged: duration of treatment relationships. Arch Gen Psychiatry 1985;
42:278-284.

Waddington JL, Molloy AG: Duration of treatment relationships for
involuntary movements (tardive dyskinesia): concordance between cross-
sectional, clinical, and longitudinal animal studies? (letter to the editor).
Arch Gen Psychiatry 1986; 43:191.

Toenniessen LM, McFarland BH, Casey DE: Duration of treatment
relationships for involuntary movements (tardive dyskinesia): concor-
dance between cross-sectional, clinical, and longitudinal animal studies
(reply to Waddington and Molloy). Arch Gen Psychiatry 1986; 43:191-192.
Sackett DL: Bias in analytic research. J Chronic Dis 1979: 32:51-63.

AJPH June 1987, Vol. 77, No. 6



