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BACKGROUND

Extrapyramidal syndromes
Extrapyramidal syndromes (EPS) are a group of movement disorders that result from damage in the

basal ganglia and certain related thalamic and brainstem nuclei [1]. Clinically, they can present as

parkinsonism, dysthonia, akathisia, dyskinesia, hemiballism or chorea. EPS are either primary, i.e.

due to a neurodegenerative disease, or secondary. Secondary forms can have different causes,

including toxic, infectious, metabolic and vascular ones. However, by far the most important cause

is the use of drugs.

Drug-induced extrapyramidal syndromes
EPS that are seen as a side effect of drug treatment include parkinsonism, dysthonia, akathisa and

dyskinesia. Drug-induced parkinsonism, like idiopathic Parkinson’s disease, is characterized by

tremor, rigidity and bradykinesia [2]. Although the resting tremor and asymmetry of symptoms seen

with Parkinson’s disease were thought to be absent in drug-induced parkinsonism, both have been

observed [3-5]. Dystonia refers to a briefly sustained abnormal posture caused by involuntary

contractions of agonists and antagonist muscles. This may occur in the head/neck region, with eyes

deviating to the side or upward (oculogyric crisis), tongue protrusion, jaw spasms (trismus),

tightness or choking feelings in the throat (laryngeal-pharyngeal constriction) and the head pulling

back or to the side (retrocollis, torticollis). Dystonia can also occur in the trunk and limbs, leading

to bizarre positions or postures. Akathisia refers to a state of restlessness and a subjective need to

move, presenting as pacing, rocking while sitting or standing, lifting the feet as if marching in place,

crossing and uncrossing the legs while sitting or other purposeless repetitive actions. Features of

tardive dyskinesia include repetitive, involuntary, hyperkinetic movements that include chewing,

tongue protrusion, lip smacking and grimacing. Akathisia can begin within hours after drug intake,

while dystonia most commonly occurs within 12 to 48 hours. Parkinsonism tends to develop after

several days or weeks of continuous treatment. Tardive dyskinesias is generally not seen until after

several months or years of treatment [6, 7].

Treatment of any drug-induced EPS first involves reducing the dose of the offending drug or

switching to a drug less likely to cause these symptoms. If symptoms persist, pharmacological

treatment is indicated. Drug-induced parkinsonism can be treated with anticholinergics or

amantadine [8]. Levodopa or direct dopamine agonists are often not useful [9]. Anticholinergics

(intramuscular) are also the mainstay for treatment of dystonia, though antihistamines can also be

used [10]. Treatment options for akathisia include beta-blockers, anticholinergics, clonidine or

benzodiazepines [11]. Several drugs have been used for treatment of tardive dyskinesia, including

L-dopa and tiapride [12]. Anticholinergics may worsen symptoms and are contraindicated [2].

Numerous drugs have been reported to induce EPS [13, 14]. Epidemiologic studies showed that as

much as one third to over one half of the cases of parkinsonism may be explained by the use of

medication [14-16]. EPS is especially common during treatment with antipsychotic drugs (APDs)

[15] and was reported as a side effect almost immediately after their introduction in the early 1950’s

[17]. Considering their disabling effect, clearly, drug-induced EPS have a strong negative impact on

patients’ well-being, compliance to treatment and as a result on treatment outcome [18-20]. Thus,
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minimizing their frequency and severity is of clear clinical importance. This can be achieved either

by prevention or by prompt diagnosis and treatment of symptoms. Both are greatly enhanced by

knowing which drugs are implicated with EPS, to what extent, and which patients are most

susceptible.

AIM OF THE THESIS

To be able to reduce the occurrence of drug-induced EPS in the general population, the aim of this

thesis is to quantify the risk of drug-induced EPS for drugs commonly associated with this side

effect and to quantify the influence of specific risk factors.

OUTLINE OF THE THESIS

In chapter two we will first review the current literature with regard to the epidemiology of drug-

induced parkinsonism. This will be used to identify issues that require further study. Second, we

will assess the validity of using antiparkinsonian medication as a way to identify drug-induced EPS

in observational databases. Chapter three will focus specifically on EPS resulting from

antipsychotic medication, since these drugs still are by far the most important cause of EPS. In

chapter four, we will study risks and risk factors of EPS with drugs other than APDs. Laslty,

chapter five will discuss the strengths and limitations of this thesis, the implications for medical and

pharmaceutical practice, and suggestions for future research.
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CHAPTER 2.1
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ABSTRACT

Aim To give an overview of the drugs that have been reported to induce parkinsonism and review

the frequency and risk factors of this side effect.

Methods Computerized search of the Medline from 1962 onwards on relevant keywords, and

review of the bibliographies of the obtained articles.

Results The drugs that seem to be implicated with parkinsonism most often are antipsychotic drugs

(APDs), selective serotonin reuptake inhibitors (SSRIs) and calciumantagonists (CAs). APD-

induced parkinsonism has been widely studied. Possible risk factors include age, dose, smoking,

drug type and cytochrome P450 activity, though especially these last two are still matter of debate.

The incidence varies largely from 6% to 71%, possibly because of different distributions of risk

factors among studied populations. So far, parkinsonism resulting from SSRIs and CAs has not

been systematically studied. Therefore, frequency and risk factors are still largely unknown. In

general, the occurrence of all drug-induced parkinsonism is thought to depend upon individual

susceptibility,  which may especially be related to the prescence of preclinical Parkinson’s disease.

Conclusions Many epidemiological aspects of drug-induced parkinsonism have not yet been

sufficiently studied. For SSRIs, CAs and the recently marketed APDs, the risk of parkinsonism still

needs to be compared with drugs from the same pharmacotherapeutic class. Furthermore, the

influence of several possible risk factors, especially genetic predisposition, needs further

confirmation.
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INTRODUCTION

Parkinsonism is usually caused by decreased dopaminergic activity within the striatum of the basal

ganglia. In idiopathic parkinsonism –or Parkinson’s disease (PD)- this impairment in

neurotransmission results from neuronal loss in the substantia nigra and other pigmented nuclei,

resulting in a loss of dopamine in the striatum and subsequent destruction of the nigrostriatal

dopaminergic pathway. The typical symptoms of PD, including tremor at rest, rigidity, poverty or

slowness of movement and loss of postural reflexes, do not appear until 80% of striatal dopamine is

lost [2].

In addition to this idiopathic form of parkinsonism, the differential diagnosis also includes

secondary forms with known causative or contributing factors [3, 4]. Probably the most common of

these is medical prescription [5]: as much as one third to over one half of the cases of parkinsonism

may be related to drug use [6-8]. With regard to the occurrence of drug-induced parkinsonism

(DIP), three questions may be of particular importance to the clinician: which drugs are implicated,

to what extent, and which patients are most susceptible?

To answer these questions, we reviewed the drugs that have been reported to induce parkinsonism,

as well as the frequency and risk factors of this side effect.

METHODS

We conducted a computerized search of MEDLINE from 1963 to 2001 using relevant keywords to

identify articles discussing drugs possibly inducing or aggravating parkinsonism. Additional

references were obtained from a manual search of the bibliographies of these articles. We also

included chapters of major neurologic and psychiatric textbooks. This literature search was last

updated in August 2001. From these data we assessed which drugs are associated with parkinsonism

most often. In addition, we reviewed the literature on frequency and risk factors of parkinsonism

caused by these drugs, using the same literature search strategy.

RESULTS

Reports of parkinsonism resulting from drug use can be found in the literature as early as 1954 [9].

Since then, a vast number of drugs has been reported to induce parkinsonism (table 1), though the

severity of symptoms may differ between them. Disregarding outliers [10, 11], the prevalence of

drug-induced parkinsonism in the general population ranges from 11,8/100.000 - 35,2/100.000 [12-

14]. Review of published case reports as well as studies from neurologic and pharmacovigilance

centers showed that antipsychotic drugs (APDs), selective serotonin reuptake inhibitors (SSRIs) and

calciumantagonists (CAs) are the drug groups most often associated with this side effect [7, 8, 15,

16].
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Table 1 Reports and studies of drug-induced parkinsonism

Drug De novo parkinsonism Aggravation of
parkinsonism

Epidemiologic studies

antipsychotic drugs
conventional see table 2

[6]
clozapine [161]
risperidone [19, 162-166] [19, 167, 168]
olanzapine [169, 170] [171-176]

calciumantagonists
amlodipine [177]
cinnarizine [8, 16, 126, 131, 133,

134, 138, 142-144,
152, 155]

[145, 178, 179]

diltiazem [8, 144, 180, 181]
flunarizine [8, 16, 126, 131-134,

138, 143, 155, 182-
187]

[145, 186, 188]

manidipine [189]
nifedipine [188] [188]
verapamil [8, 144, 190-193]

antidepressants
SSRI’s

fluvoxamine [153, 194] [195]
fluoxetine [8, 16, 81, 82, 144,

196-200]
[200-206]

paroxetine [8, 207, 208] [202, 209]
sertraline [210-217] [204]
citalopram [218] [219]

non-SSRIs
amoxapine [220-222]
clomipramine [223]
phenelzine [224]

anti-arithmics
amiodarone [144, 225-227] [228]
aprindine [229]

anticonvulsants
phenytoin [230]
valproic acid [231-234] [235]

antihypertensives
captopril [236]
methyldopa [8, 16, 144] [237, 238]

anxiolytics
chlordiazepoxide [239]
diazepam [240]
lorazepam [8]
buspiron [241]

NSAIDs
flurbiprofen [242]
naproxen [243]
sulindac [244]

oncolytics
fluorouracil [245]
vincristine [246]
adriamycin [246]
CHOP [247]
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Table 1 (continued) Reports and studies of drug-induced parkinsonism

Drug De novo parkinsonism Aggravation of
parkinsonism

Epidemiologic studies

parasympathomimetics
bethanechol [248]
pyridostygmine [249]

other drugs
amphotericin B [250, 251]
buphormine [229]
cephaloridine [252]
cyclosporin [253]
cisapride [254] [254]
clebopride [8, 144, 229, 255-258]
contrast agent [259]
diphenhydramine [16]
disulfiram [260, 261]
domperidone [16] [262]
lithium [8, 199, 263]
manganese [264]
meperidine (pethidine) [265, 266]
metoclopramide [8, 15, 16, 144, 231,

267-272]
[270] [273-275]

oral contraceptives [276]
prochlorperazine [150, 277, 278] [55, 279]
tetrabenazine [280]
veralipride [16, 144]

Antipsychotic drugs
Since all APDs share the ability to block postsynaptic dopamine D2-receptors in the basal ganglia

[17], this is thought to be the mechanism responsible for their induction of parkinsonism [18].

Parkinsonism can occur within days after the start of APD treatment [19], but usually takes longer

to develop. Some found that over 90% of the APD-induced parkinsonism cases occur within the

first three months of treatment [20, 21], though others observed a longer latency period [22].

Frequency

Estimates of incidences of drug-induced parkinsonism among APD users range from 11% to 71%

(table 2a). A similar large variation is seen for prevalence estimates (table 2b). This might be

explained by differences in the definition of parkinsonism, sensitivity of the case-finding procedure

or the presence of risk factors. Studies comparing the risk of parkinsonism between users and non-

users of APDs found an increased relative risk [6, 23].

Risk factors

A large number of treatment- and patient-related factors may influence a patient’s chance to

develop parkinsonism during APD treatment. With regard to the first, both increased dose [6, 23-

26] and prolonged use  [25, 27-29] have been found to increase the risk. Furthermore, not all APDs

have the same risk for inducing parkinsonism. Low potency APDs (i.e. those with low affinity for

postsynaptic D2-receptors like chlorpromazine and thioridazine) and atypical APDs (e.g. clozapine,
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risperidone, olanzapine, quetiapine) are known to induce less parkinsonism than high potency drugs

[26, 30-33]. While this can be explained by differences in receptor-affinities [34-36], others suggest

these observations are artificial and result from non-equivalent dose comparisons [37]. Indeed, both

low potency APDs [38-44] and atypical drugs [45-47] are often prescribed or tested in lower doses

than high potency drugs.

Table 2a Incidence of drug-induced parkinsonism

Country, year,
reference*

Study
design

Setting Age Population
size

Follow-up
time

Incidence

US, 1959  [55] not stated inpatient not stated 422 not stated 15-46%†

US, 1961  [279] not stated inpatient not stated >5,000 not stated 6-38%†

US, 1961   [21] retrospective
follow-up

not stated 4-88 3,775 variable 15%

US, 1976  [281] not stated inpatient not stated 175 not stated 29%

US, 1981   [70] prospective
follow-up

inpatient >18 80 2 weeks 31% ¥

US, 1983  [57] retrospective
follow-up

not stated 2-90 5,000 variable 13%

US, 1983   [24] retrospective
follow-up

inpatient 10-59 135 3 weeks 33%

EU, 1986   [54] retrospective
follow-up

inpatient <20 - >69 230 variable 44% ¥

EU, 1990  [282] prospective
follow-up

inpatient <30 - >60 1,107 not stated 17%

US, 1991  [25] prospective
follow-up

inpatient 60-96
mean: 77

17 4 weeks 71%

US, 1997  [22] prospective
follow-up

inpatient mean: 46 35 1 year 37%

US, 1999  [53] prospective
follow-up

outpatient >45
mean: 70‡

56 1 month 29%

abbreviations: US = United States (including Canada); EU = Europe (including Israel); APD = antipsychotic

drug

* year of publication

† depending on the APD

‡ only stated for subgroup of patients

¥ only patients using haloperidol
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Important patient-related risk factors may include age, gender, metabolic activity and smoking. Since

normal striatal dopamine loss is age-related [48], older people are likely to be more vulnerable to the

antidopaminergic effect of APDs. This has been confirmed by several studies [21, 22, 27, 29, 49-53],

though some found an inverse association between age and incidence [24, 54]. Several studies

observed a higher frequency of APD-induced parkinsonism among women [21, 55-57].

While this observation may be explained by an antidopaminergic effect of estrogens [58, 59], other

studies found no difference between men and women [25, 27, 49, 54, 60-63] or even observed a

higher risk among men [24]. In studies employing multivariate analysis, the higher frequency

among women was shown to be secondary to differences in smoking [51] or other factors between

men and women [29].

Since APD-induced parkinsonism is dose-dependent, factors that influence plasma levels may also

affect the risk of this side effect. One such factor is the activity of the cytochrome P450 2D6

enzyme

Table 2b Prevalence of drug-induced parkinsonism

Country, year,
reference*

Setting Age Population size Prevalence

US, 1970 [60] inpatient 18-64 350 73%

US, 1974  [27] inpatient not stated 669 36%

EU, 1976 [56] inpatient <40 - >51 66 66%

US, 1985 [283] inpatient >55 57 51%

US, 1987  [99] inpatient +
outpatient

55-78 21 76%

US, 1987 [284] inpatient mean: 27 48 60%

US, 1988 [62] inpatient <40 - >81 315 13%

US, 1990 [51] inpatient >45 130 27%

US, 1991 [28] inpatient 9-18 61 34%

US, 1992  [285] inpatient not stated 101 26%

US, 1993 [90] inpatient mean: 63 111 25%

US, 1994  [23] inpatient >65 111 67%

EU, 1997 [52] inpatient +
outpatient

mean: 50 100 38%

abbreviations: US = United States (including Canada); EU = Europe (including Israel);

APD = antipsychotic drug

* year of publication
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 (CYP2D6), responsible for the metabolic elimination of several APDs [64]. This activity may vary

substantially between patients. Up to ten percent of the European Caucasian population has one or

more mutations at the locus coding for CYP2D6, leading to a defective enzyme [65]. While indeed

these “poor metabolizers” are more prone to higher plasma levels of APDs [66], studies

investigating the association between such mutations and the occurrence of parkinsonism have

yielded conflicting results [64]. This may be explained by the limited sample size of some studies

and by the fact that several studies included APDs for which the metabolic elimination of the active

compound is not mediated by the CYP2D6 genotype.

In addition to “random” genetic variation, CYP2D6-activity also differs between ethnic groups.

Asians have a lower CYP2D6-activity than Caucasians and Blacks [67, 68]. In accordance with this,

they were found to have higher APD serum levels [69] and a higher risk for parkinsonism [41, 70,

71]. CYP2D6 activity can also be influenced by external factors. Several drugs can either induce or

inhibit CYP2D6 activity [72] and thus cause metabolic drug-drug interactions with APDs [73]. In

particular, SSRIs can inhibit CYP2D6 [74-77] and as a result increase APD serum levels [77-80].

There are several reports of parkinsonism after the addition of SSRIs to APD treatment [81-83].

Smoking has been associated with lower APD serum levels [84-86], a need for higher APD doses

[87, 88] and a decreased risk of APD-induced parkinsonism [51, 89, 90]. This may be explained by

enhanced central dopaminergic transmission or by inducing the activity of hepatic microsomal

enzymes [51, 91], including CYP2D6 [92].

Other possible risk factors for APD-induced parkinsonism include a family history of PD [93, 94],

pretreatment motor dysfunction [22, 53, 95, 96], previous APD-induced parkinsonism [97], early

age at onset of schizophrenia [98], negative symptoms of schizophrenia [99-102], cognitive

dysfunction [103], severity of dementia [53], increased ventricle/brain ratio [99, 104], organic brain

pathology [56], diabetes mellitus [103] and presence of the Human Leukocyte Antigen (HLA) B44

[105]. Whether psychopathology is a predisposing factor is uncertain  [22, 53, 63]. It was suggested

that psychopathology is associated with APD-induced parkinsonism only in patients with more

severe psychopathology [22]. Psychiatric diagnosis does not seem to affect the risk of APD-induced

parkinsonism [62, 63, 96].

Selective serotonin reuptake inhibitors
The large number of published case reports indicates that SSRIs (i.e. fluoxetine, paroxetine,

fluvoxamine, sertraline and citalopram) are capable of inducing or aggravating parkinsonism (table

1), even though some reports suggested otherwise [106-112]. Post-marketing study showed that

symptoms occurred after a median time interval of two weeks (range: 1 day - 1 month) [115]. The

mechanism underlying SSRI-induced parkinsonism is poorly understood, but may involve

inhibition of striatal dopaminergic function by serotonergic neurons projecting from the dorsal

raphe nucleus. Since the striatum is involved in the modulation of motor function, drugs with pro-

serotonergic activity like SSRIs may enhance the inhibition of the dopamine system and thus induce

parkinsonism [45]. The hypothesis of an antidopaminergic effect of SSRIs is supported by an

increased prolactine-level observed after fluoxetine use [113]. However, since depression is a

prodrome of PD [2, 114], patients with depression may also be inherently more likely to develop
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parkinsonism, irrespective of their medication. To rule out this non-causal explanation, comparisons

between SSRIs and other antidepressants are warranted.

Frequency

So far, epidemiological data on SSRI-induced parkinonism is scanty. A British pharmacovigilance

study showed an incidence of all extrapyramidal syndromes (EPS) –also including dystonia,

akathisia and tardive dyskinesia- of 2.4 per 1,000 for fluoxetine, 1,7 per 1,000 for paroxetine and

0,9 per 1,000 for fluvoxamine [116]. In another study the incidence of EPS with fluoxetine was

estimated to be 1.3 per 1,000 (95% C.I. 0.5-2.6) [117]. However, in a small group of 67 elderly

patients treated with SSRIs, 4 were found to have EPS, yielding a much higher incidence of 60 per

1,000 [118]. Recent comparative studies showed conflicting results. While an observational study

suggested that existing parkinsonism is more likely to deteriorate during treatment with SSRIs than

with tricyclic antidepressants [119], a randomized controlled trial found no difference in ratings of

EPS between paroxetine and nortriptyline in a small group of elderly patients [120].

Risk factors

Since epidemiological studies are lacking, risk factors for SSRI-induced parkinsonism have not

been systematically studied. However, based on the published case reports, several risk factors have

been suggested. The majority of cases of SSRI-induced parkinsonism involved fluoxetine (table 1).

While this may reflect its high market share, causal explanations may include its long half life

[121]. Furthermore, fluoxetine lacks the relative potency for dopamine reuptake inhibition that

sertraline has [122]. Whether dose and duration of use affect the risk is unknown. Reported cases of

SSRI-induced parkinsonism tended to be older patients and included more women than men [123,

124]. While these observations suggest age and gender are risk factors for SSRI-induced

parkinsonism, they can also merely result from increased use of SSRIs among these groups. Indeed,

depression and antidepressant drug use are more prevalent among women and elderly [125]

Calciumantagonists
Numerous reports of parkinsonism associated with CAs have been published (table 1). These

mainly include cinnarizine (Cz) and its difluorinated derivative flunarizine (Fz), calcium overload

blockers used for vertigo, migraine and cerebrovascular purposes. However, parkinsonism has also

been reported with CAs of the calcium channel blocker type, including diltiazem, verapamil,

nifedipine, manidipine and amlodipine (table 1). Both Cz and Fz show structural similarity with

some phenothiazine-like APDs [126], suggesting a common mechanism of inducing EPS. Indeed,

SPECT study showed that -as with APDs- Cz/Fz-induced EPS is most likely to result from striatal

D2 receptor blockade [127], which may also be the case for other CAs [128]. However, other

mechanisms have also been suggested [129, 130]. Cz/Fz-induced parkinsonism can occur as soon as

two days after the start of medication [131], but usually takes several weeks or months to develop

[132-134].

Frequency

Although case reports are numerous, there are very few systematic studies that have estimated the

absolute or relative frequency of CA-induced parkinsonism. Based on their personal experiences,

Agnoli and Nappi suggested an overall incidence of EPS or depression with Cz/Fz use of 0.5%
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[135]. In contrast with the large number of case reports, comparative studies –relying on either

prescription analysis or postmarketing surveillance- found no association between Fz use and

parkinsonism [136, 137]. However, in both studies the sample size is likely to have been too small,

given the age of the study population (mean age 56 and 51 years, respectively) and the estimated

low incidence of Fz-induced EPS in these younger patients [135].

Risk factors

Parkinsonism seems to be more frequent with Fz than with Cz [138], which is likely to be explained

by its fluorination. Because of this, Fz is more lipophilic than Cz, resulting in easy crossing of the

blood-brain barrier and a consequently higher concentration in the CNS [139] and in a much longer

half-life (19 days [140], versus 3 hours for Cz [141]). The observation that patients with Cz/Fz-

induced parkinsonism are relatively old led some to conclude that age is a risk factor [142-144].

However, this may also be explained by the fact that these drugs are especially used by elderly [126,

145]. The higher incidence of Fz-induced parkinsonism in elderly patients suggested by Agnoli and

Nappi provides stronger evidence for an age preponderance [135]. Some studies observed more

women than men with CA-induced parkinsonism [134, 144], but here too, this may be explained by

higher use rather than increased risk.

DISCUSSION

Our results show that a very large number of drugs may induce parkinsonism. Based on the number

of published reports, APDs, SSRIs and CAs seem to be the drugs most often associated with this

side effect. Parkinsonism occurs frequently during APD use, though incidence and prevalence

measures may differ largely between studies. This may be explained by the definition of

parkinsonism, sensitivity of the case-finding procedure and the presence of risk factors. Possibly,

with the expanding use of atypical APDs and the trend toward lower dosing of classical APDs, the

frequency of APD-induced parkinsonism may decline. Because of these changes in APD-treatment,

continuing epidemiological investigation of this side effect is warranted. Parkinsonism appears to

be much less common with SSRIs and CAs then with APDs, though good epidemiological data is

lacking. To assess the clinical relevance and public health impact of parkinsonism induced by

different drugs, both absolute and relative risk estimates are needed, as well as the number of

patients exposed to these drugs.

Numerous risk factors for drug-induced parkinsonism have been identified or suggested.

Nevertheless, it still remains largely unexplained why some persons develop this side effect while

others do not. Thus, it is clear that the occurrence of parkinsonism depends upon individual

susceptibility. As much as twenty years ago it has been suggested that this individual susceptibility

is due to an already decreased dopamine level in the brain, i.e. a latent or preclinical PD [2, 146].

This hypothesis is supported by several findings. 1) Autopsy on two patients who had suffered from

drug-induced parkinsonism during life revealed Lewy bodies in their substantia nigra [147],

inclusion cells typically seen in PD. 2) PET-scans showed a reduced putamen 18F-dopa uptake in

nearly one-third of a group of patients suffering from drug-induced parkinsonism [148], indicating a

dopaminergic nigrostriatal dysfunction as seen in PD. 3) Some patients suffering from drug-induced
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parkinsonism developed true PD later on in their life, suggesting that the drug precipitated an

already present preclinical PD [144, 149-153]. Indeed, patients with a prior history of drug-induced

parkinsonism are at increased risk of developing PD later in life [154].  4) Patients suffering from

drug-induced parkinsonism more often have a family history of PD or essential tremor [93, 94, 142,

143, 155]. Taken together, these observations suggest that, instead of being a syndrome distinct

from PD, drug-induced parkinsonism represents a worsening of a preexisting preclinical PD, at least

in a proportion of the cases. PD is thought to be multifactorial, with genetic and environmental risk

factors interacting [156, 157]. These risk factors –including drugs- may only precipitate

parkinsonism in patients with an inherited PD susceptibility [158].

Notwithstanding their association with parkinsonism, the drugs we discussed are of clear

therapeutic importance. Studying frequency and risk factors should contribute to selecting the

appropriate medication for each individual patient and help prevent the occurrence of parkinsonism.

In addition, since symptoms of drug-induced parkinsonism can be indistinguishable from those of

idiopathic PD [150], knowing which drugs are capable of inducing these symptoms may often be

the only way of differentiating these syndromes. This distinction is of particular importance with

regard to treatment: in contrast with PD, treatment of drug-induced parkinsonism is relatively easy

and consists of either withdrawing the inducing agent or the use of anticholinergic antiparkinsonian

medication [159, 160].

REFERENCES

1. World Health Organization, Parkinson's Disease. Fact Sheet Nm 152. 1997.
2. Koller, W.C., When does Parkinson's disease begin? Neurology, 1992. 42(4 Suppl 4): p. 27-31.
3. Stacy, M., Jankovic, J., Differential diagnosis of Parkinson's disease and the parkinsonism plus

syndromes. Neurol Clin, 1992. 10(2): p. 341-59.
4. Quinn, N., Parkinsonism--recognition and differential diagnosis . Bmj (Clinical Research Ed.), 1995.

310(6977): p. 447-52.
5. Rajput, A.H., Offord, K.P., Beard, C.M., Kurland, L.T., Epidemiology of parkinsonism: incidence,

classification, and mortality. Ann Neurol, 1984. 16(3): p. 278-82.
6. Avorn, J., Bohn, R.L., Mogun, H., Gurwitz, J.H., Monane, M., Everitt, D., Walker, A., Neuroleptic drug

exposure and treatment of parkinsonism in the elderly: a case-control study. Am J Med, 1995. 99(1): p.
48-54.

7. Marti Masso, J.F., Poza, J.J., [Drug-induced or aggravated parkinsonism: clinical signs and the changing
pattern of implicated drugs]. Neurologia, 1996. 11(1): p. 10-5.

8. Jimenez Jimenez, F.J., Orti-Pareja, M., Ayuso-Peralta, L., Drug-induced parkinsonism in a movement
disorders unit: a four-year survey. Parkinsonism Rel Disord, 1996. 2: p. 145-9.

9. Thiebaux, M., Thiebaux, R., Boyer, R., Debrogne, F., Kiffel, M., Note sur l'apparition de troubles
extrapyramidaux par le 4560 RP. Ann Med Psychol, 1954. 112: p. 732.

10. Li, S.C., Schoenberg, B.S., Wang, C.C., Cheng, X.M., Rui, D.Y., Bolis, C.L., Schoenberg, D.G., A
prevalence survey of Parkinson's disease and other movement disorders in the People's Republic of
China. Arch Neurol, 1985. 42(7): p. 655-7.

11. Trenkwalder, C., Schwarz, J., Gebhard, J., Ruland, D., Trenkwalder, P., Hense, H.W., Oertel, W.H.,
Starnberg trial on epidemiology of Parkinsonism and hypertension in the elderly. Prevalence of
Parkinson's disease and related disorders assessed by a door-to-door survey of inhabitants older than 65
years. Arch Neurol, 1995. 52(10): p. 1017-22.

12. Bharucha, N.E., Bharucha, E.P., Bharucha, A.E., Bhise, A.V., Schoenberg, B.S., Prevalence of
Parkinson's disease in the Parsi community of Bombay, India. Arch Neurol, 1988. 45(12): p. 1321-3.

13. Morgante, L., Rocca, W.A., Di Rosa, A.E., De Domenico, P., Grigoletto, F., Meneghini, F., Reggio, A.,



      Chapter 2.1

20

Savettieri, G., Castiglione, M.G., Patti, F., et al., Prevalence of Parkinson's disease and other types of
parkinsonism: a door-to-door survey in three Sicilian municipalities. The Sicilian Neuro-Epidemiologic
Study (SNES) Group. Neurology, 1992. 42(10): p. 1901-7.

14. Beghi, E., Monticelli, M.L., Sessa, A., Simone, P., The prevalence of parkinsonism in Italy: an
epidemiological survey of the disease in general practice. The Italian General Practitioner Study Group
(IGPSG). Mov Disord, 1994. 9(4): p. 403-8.

15. Miller, L.G., Jankovic, J., Neurologic approach to drug-induced movement disorders: a study of 125
patients. South Med J, 1990. 83(5): p. 525-32.

16. Llau, M.E., Nguyen, L., Senard, J.M., Rascol, O., Montastruc, J.L., [Drug-induced parkinsonian
syndromes: a 10-year experience at a regional center of pharmaco-vigilance]. Rev Neurol Paris, 1994.
150(11): p. 757-62.

17. Farde, L., Wiesel, F.A., Halldin, C., Sedvall, G., Central D2-dopamine receptor occupancy in
schizophrenic patients treated with antipsychotic drugs. Arch Gen Psychiatry, 1988. 45(1): p. 71-6.

18. Farde, L., Nordström, A.L., Wiesel, F.A., Pauli, S., Halldin, C., Sedvall, G., Positron emission
tomographic analysis of central D1 and D2 dopamine receptor occupancy in patients treated with
classical neuroleptics and clozapine. Relation to extrapyramidal side effects. Arch Gen Psychiatry, 1992.
49(7): p. 538-44.

19. McKeith, I.G., Ballard, C.G., Harrison, R.W., Neuroleptic sensitivity to risperidone in Lewy body
dementia [letter]. Lancet, 1995. 346(8976): p. 699.

20. Freyhan, F.A., Psychomotility and parkinsonism in treatment with neuroleptic drugs. Arch. Neurol.
Psychiatry, 1957. 78: p. 465.

21. Ayd, F., A survey of drug-induced extrapyramidal reactions. JAMA, 1961. 175(12): p. 1055-1060.
22. Caligiuri, M.P., Lohr, J.B., Instrumental motor predictors of neuroleptic-induced parkinsonism in newly

medicated schizophrenia patients. J Neuropsychiatry Clin Neurosci, 1997. 9(4): p. 562-7.
23. Avorn, J., Monane, M., Everitt, D.E., Beers, M.H., Fields, D., Clinical assessment of extrapyramidal

signs in nursing home patients given antipsychotic medication. Arch Intern Med, 1994. 154(10): p. 1113-
7.

24. Keepers, G.A., Clappison, V.J., Casey, D.E., Initial anticholinergic prophylaxis for neuroleptic-induced
extrapyramidal syndromes. Arch Gen Psychiatry, 1983. 40(10): p. 1113-7.

25. Ganzini, L., Heintz, R., Hoffman, W.F., Keepers, G.A., Casey, D.E., Acute extrapyramidal syndromes in
neuroleptic-treated elders: a pilot study. J Geriatr Psychiatry Neurol, 1991. 4(4): p. 222-5.

26. Spila Alegiani, S., Diana, G., Menniti Ippolito, F., Raschetti, R., Anticholinergic antiparkinsonian therapy
in outpatients treated with neuroleptic drugs: a prescription survey. Eur J Clin Pharmacol, 1995. 48(6): p.
513-7.

27. Crane, G.E., Factors predisposing to drug-induced neurologic effects. Adv Biochem Psychopharmacol,
1974. 9(0): p. 269-79.

28. Richardson, M.A., Haugland, G., Craig, T.J., Neuroleptic use, parkinsonian symptoms, tardive dyskinesia,
and associated factors in child and adolescent psychiatric patients. Am J Psychiatry, 1991. 148(10): p.
1322-8.

29. Muscettola, G., Barbato, G., Pampallona, S., Casiello, M., Bollini, P., Extrapyramidal syndromes in
neuroleptic-treated patients: prevalence, risk factors, and association with tardive dyskinesia. J Clin
Psychopharmacol, 1999. 19(3): p. 203-8.

30. Casey, D.E., Neuroleptic drug-induced extrapyramidal syndromes and tardive dyskinesia. Schizophr Res,
1991. 4(2): p. 109-20.

31. Kane, J., Honigfeld, G., Singer, J., Meltzer, H., Clozapine for the treatment-resistant schizophrenic. A
double-blind comparison with chlorpromazine. Arch Gen Psychiatry, 1988. 45(9): p. 789-96.

32. Leucht, S., Pitschel-Walz, G., Abraham, D., Kissling, W., Efficacy and extrapyramidal side-effects of the
new antipsychotics olanzapine, quetiapine, risperidone, and sertindole compared to conventional
antipsychotics and placebo. A meta-analysis of randomized controlled trials. Schizophr Res, 1999. 35(1):
p. 51-68.

33. Geddes, J., Freemantle, N., Harrison, P., Bebbington, P., Atypical antipsychotics in the treatment of
schizophrenia: systematic overview and meta-regression analysis. BMJ, 2000. 321(7273): p. 1371-1376.

34. Snyder, S., Greenberg, D., Yamamura, H.I., Antischizophrenic drugs and brain cholinergic receptors.
Affinity for muscarinic sites predicts extrapyramidal effects. Arch Gen Psychiatry, 1974. 31(1): p. 58-61.

35. Menkes, D.B., Clarkson, H.O., Caradoc-Davies, G., Mullen, P.E., Anticholinergic equivalents and
parkinsonism: a model for predicting side-effects of antipsychotic drugs. International Clinical



      Chapter 2.1

21

Psychopharmacology, 1987. 2(1): p. 55-67.
36. Reynolds, G.P., What is an atypical antipsychotic? J Psychopharmacol (Oxf), 1997. 11(3): p. 195-9.
37. Nyberg, S., Farde, L., Non-equipotent doses partly explain differences among antipsychotics -

implications of PET studies. Psychopharmacology (Berl), 2000. 148(1): p. 22-3.
38. Baldessarini, R.J., Katz, B., Cotton, P., Dissimilar dosing with high-potency and low-potency

neuroleptics. Am J Psychiatry, 1984. 141(6): p. 748-52.
39. Hayes, G., Sramek, J., Dosing practices for high- and low-potency neuroleptics [letter]. American Journal

Of Psychiatry, 1988. 145(6): p. 769.
40. Muscettola, G., Bollini, P., Pampallona, S., Pattern of neuroleptic drug use in Italian mental health

services. Dicp, 1991. 25(3): p. 296-301.
41. Chiu, H., Lee, S., Leung, C.M., Wing, Y.K., Neuroleptic prescription for Chinese schizophrenics in Hong

Kong. Australian And New Zealand Journal Of Psychiatry, 1992. 26(2): p. 262-4.
42. Galletly, C.A., Antipsychotic drug doses in a schizophrenia inpatient unit. Australian And New Zealand

Journal Of Psychiatry, 1992. 26(4): p. 574-6.
43. Razali, M.S., Hasanah, C.I., Neuroleptic drug utilisation for acute schizophrenia. Singapore Medical

Journal, 1996. 37(6): p. 611-3.
44. Galletly, C.A., Tsourtos, G., Antipsychotic drug doses and adjunctive drugs in the outpatient treatment of

schizophrenia. Annals Of Clinical Psychiatry, 1997. 9(2): p. 77-80.
45. Kapur, S., Remington, G., Serotonin-dopamine interaction and its relevance to schizophrenia. Am J

Psychiatry, 1996. 153(4): p. 466-76.
46. Capehart, B.P., Holsinger, T., Olanzapine on trial [letter]. Am J Psychiatry, 1998. 155(1): p. 152.
47. Kapur, S., Zipursky, R.B., Remington, G., Clinical and theoretical implications of 5-HT2 and D2

receptor occupancy of clozapine, risperidone, and olanzapine in schizophrenia. Am J Psychiatry, 1999.
156(2): p. 286-93.

48. Kish, S.J., Shannak, K., Rajput, A., Deck, J.H., Hornykiewicz, O., Aging produces a specific pattern of
striatal dopamine loss: implications for the etiology of idiopathic Parkinson's disease. Journal Of
Neurochemistry, 1992. 58(2): p. 642-8.

49. Kennedy, P.F., Hershon, H.I., McGuire, R.J., Extrapyramidal disorders after prolonged phenothiazine
therapy. Br J Psychiatry, 1971. 118(546): p. 509-18.

50. Hansen, T.E., Brown, W.L., Weigel, R.M., Casey, D.E., Risk factors for drug-induced parkinsonism in
tardive dyskinesia patients. J Clin Psychiatry, 1988. 49(4): p. 139-41.

51. Decina, P., Caracci, G., Sandik, R., Berman, W., Mukherjee, S., Scapicchio, P., Cigarette smoking and
neuroleptic-induced parkinsonism. Biological Psychiatry, 1990. 28(6): p. 502-8.

52. Andreassen, O.A., MacEwan, T., Gulbrandsen, A.K., McCreadie, R.G., Steen, V.M., Non-functional
CYP2D6 alleles and risk for neuroleptic-induced movement disorders in schizophrenic patients.
Psychopharmacology, 1997. 131(2): p. 174-9.

53. Caligiuri, M.P., Lacro, J.P., Jeste, D.V., Incidence and predictors of drug-induced parkinsonism in older
psychiatric patients treated with very low doses of neuroleptics. J Clin Psychopharmacol, 1999. 19(4): p. 322-8.

54. Moleman, P., Janzen, G., von Bargen, B.A., Kappers, E.J., Pepplinkhuizen, L., Schmitz, P.I., Relationship
between age and incidence of parkinsonism in psychiatric patients treated with haloperidol. Am J
Psychiatry, 1986. 143(2): p. 232-4.

55. Freyhan, F.A., Therapeutic implications of differential effects of new phenotiazine compounds. Am J
Psychiatry, 1959. 115: p. 577.

56. Korczyn, A.D., Goldberg, G.J., Extrapyramidal effects of neuroleptics. J Neurol Neurosurg Psychiatry,
1976. 39(9): p. 866-9.

57. Ayd, F.J., Early-onset neuroleptic-induced extrapyramidal reactions: a second survey, 1961-1981. 1983.
58. Van Hartesveldt, C., Joyce, J.N., Effects of estrogen on the basal ganglia. Neuroscience And

Biobehavioral Reviews, 1986. 10(1): p. 1-14.
59. Session, D.R., Pearlstone, M.M., Jewelewicz, R., Kelly, A.C., Estrogens and Parkinson's disease.

Medical Hypotheses, 1994. 42(4): p. 280-2.
60. Lehmann, H.E., Ban, T.A., Saxena, B.M., A survey of extrapyramidal manifestations in the inpatient

population of a psychiatric hospital. Laval Med, 1970. 41(7): p. 909-16.
61. Moleman, P., Schmitz, P.J., Ladee, G.A., Extrapyramidal side effects and oral haloperidol: an analysis of

explanatory patient and treatment characteristics. J Clin Psychiatry, 1982. 43(12): p. 492-6.
62. Yassa, R., Nair, V., The association of tardive dyskinesia and pseudoparkinsonism. Progress In Neuro-

Psychopharmacology And Biological Psychiatry, 1988. 12(6): p. 909-14.



      Chapter 2.1

22

63. Chakos, M.H., Mayerhoff, D.I., Loebel, A.D., Alvir, J.M., Lieberman, J.A., Incidence and correlates of
acute extrapyramidal symptoms in first episode of schizophrenia. Psychopharmacology Bulletin, 1992.
28(1): p. 81-6.

64. Otani, K., Aoshima, T., Pharmacogenetics of classical and new antipsychotic drugs. Ther Drug Monit,
2000. 22(1): p. 118-21.

65. Gonzalez, F.J., Skoda, R.C., Kimura, S., Umeno, M., Zanger, U.M., Nebert, D.W., Gelboin, H.V.,
Hardwick, J.P., Meyer, U.A., Characterization of the common genetic defect in humans deficient in
debrisoquine metabolism. Nature, 1988. 331(6155): p. 442-6.

66. Jerling, M., Dahl, M.L., Aberg-Wistedt, A., Liljenberg, B., Landell, N.E., Bertilsson, L., Sjöqvist, F., The
CYP2D6 genotype predicts the oral clearance of the neuroleptic agents perphenazine and zuclopenthixol.
Clin Pharmacol Ther, 1996. 59(4): p. 423-8.

67. Dahl, M.L., Bertilsson, L., Genetically variable metabolism of antidepressants and neuroleptic drugs in
man. Pharmacogenetics, 1993. 3(2): p. 61-70.

68. Yamamoto, J., Lin, K.M., Psychopharmacology, ethnicity and culture, in Review of psychiatry, J.
Oldham, Michelle, B.R.R., Editor. 1995, American Psychiatric Press: Washington, DC. p. 529-541.

69. Lin, K.M., Poland, R.E., Lau, J.K., Rubin, R.T., Haloperidol and prolactin concentrations in Asians and
Caucasians. Journal Of Clinical Psychopharmacology, 1988. 8(3): p. 195-201.

70. Binder, R.L., Levy, R., Extrapyramidal reactions in Asians. Am J Psychiatry, 1981. 138(9): p. 1243-4.
71. Lin, K.M., Poland, R.E., Nuccio, I., Matsuda, K., Hathuc, N., Su, T.P., Fu, P., A longitudinal assessment

of haloperidol doses and serum concentrations in Asian and Caucasian schizophrenic patients. American
Journal Of Psychiatry, 1989. 146(10): p. 1307-11.

72. Pelkonen, O., Mäenpää, J., Taavitsainen, P., Rautio, A., Raunio, H., Inhibition and induction of human
cytochrome P450 (CYP) enzymes. Xenobiotica, 1998. 28(12): p. 1203-53.

73. Fang, J., Gorrod, J.W., Metabolism, pharmacogenetics, and metabolic drug-drug interactions of
antipsychotic drugs. Cell Mol Neurobiol, 1999. 19(4): p. 491-510.

74. Crewe, H.K., Lennard, M.S., Tucker, G.T., Woods, F.R., Haddock, R.E., The effect of selective serotonin
re-uptake inhibitors on cytochrome P4502D6 (CYP2D6) activity in human liver microsomes. Br J Clin
Pharmacol, 1992. 34(3): p. 262-5.

75. Otton, S.V., Wu, D., Joffe, R.T., Cheung, S.W., Sellers, E.M., Inhibition by fluoxetine of cytochrome
P450 2D6 activity. Clin Pharmacol Ther, 1993. 53(4): p. 401-9.

76. Preskorn, S.H., Magnus, R.D., Inhibition of hepatic P-450 isoenzymes by serotonin selective reuptake
inhibitors: in vitro and in vivo findings and their implications for patient care. Psychopharmacology
Bulletin, 1994. 30(2): p. 251-9.

77. Ozdemir, V., Naranjo, C.A., Herrmann, N., Reed, K., Sellers, E.M., Kalow, W., Paroxetine potentiates
the central nervous system side effects of perphenazine: contribution of cytochrome P4502D6 inhibition
in vivo. Clinical Pharmacology And Therapeutics, 1997. 62(3): p. 334-47.

78. Ciraulo, D.A., Shader, R.I., Fluoxetine drug-drug interactions: I. Antidepressants and antipsychotics. J
Clin Psychopharmacol, 1990. 10(1): p. 48-50.

79. Goff, D.C., Midha, K.K., Brotman, A.W., Waites, M., Baldessarini, R.J., Elevation of plasma
concentrations of haloperidol after the addition of fluoxetine. American Journal Of Psychiatry, 1991.
148(6): p. 790-2.

80. Avenoso, A., Spina, E., Campo, G., Facciola, G., Ferlito, M., Zuccaro, P., Perucca, E., Caputi, A.P.,
Interaction between fluoxetine and haloperidol: pharmacokinetic and clinical implications. Pharmacol
Res, 1997. 35(4): p. 335-9.

81. Tate, J.L., Extrapyramidal symptoms in a patient taking haloperidol and fluoxetine [letter] . Am J
Psychiatry, 1989. 146(3): p. 399-400.

82. Touw, D.J., Gernaat, H.B., van der Woude, J., [Parkinsonism following addition of fluoxetine to the
treatment with neuroleptics or carbamazepine]. Ned Tijdschr Geneeskd, 1992. 136(7): p. 332-4.

83. Brown, E.S., Extrapyramidal side effects with low-dose risperidone [letter]. Can J Psychiatry, 1997.
42(3): p. 325-6.

84. Ereshefsky, L., Jann, M.W., Saklad, S.R., Davis, C.M., Richards, A.L., Burch, N.R., Effects of smoking on
fluphenazine clearance in psychiatric inpatients. Biol Psychiatry, 1985. 20(3): p. 329-32.

85. Jann, M.W., Saklad, S.R., Ereshefsky, L., Richards, A.L., Harrington, C.A., Davis, C.M., Effects of
smoking on haloperidol and reduced haloperidol plasma concentrations and haloperidol clearance.
Psychopharmacology, 1986. 90(4): p. 468-70.

86. Stimmel, G.L., Falloon, I.R., Chlorpromazine plasma levels, adverse effects, and tobacco smoking: case



      Chapter 2.1

23

report. Journal Of Clinical Psychiatry, 1983. 44(11): p. 420-2.
87. Vinarova, E., Vinar, O., Kalvach, Z., Smokers need higher doses of neuroleptic drugs. Biol Psychiatry,

1984. 19(8): p. 1265-8.
88. Salokangas, R.K., Saarijarvi, S., Taiminen, T., Lehto, H., Niemi, H., Ahola, V., Syvalahti, E., Effect of

smoking on neuroleptics in schizophrenia. Schizophr Res, 1997. 23(1): p. 55-60.
89. Goff, D.C., Henderson, D.C., Amico, E., Cigarette smoking in schizophrenia: relationship to

psychopathology and medication side effects. American Journal Of Psychiatry, 1992. 149(9): p. 1189-94.
90. Sandyk, R., Cigarette smoking: effects on cognitive functions and drug-induced parkinsonism in chronic

schizophrenia. International Journal Of Neuroscience, 1993. 70(3-4): p. 193-7.
91. Gresham, L.S., Molgaard, C.A., Smith, R.A., Induction of cytochrome P-450 enzymes via tobacco smoke:

a potential mechanism for developing resistance to environmental toxins as related to parkinsonism and
other neurologic diseases. Neuroepidemiology, 1993. 12(2): p. 114-6.

92. Vincent Viry, M., Fournier, B., Galteau, M.M., Short communication. The effects of drinking and smoking
on the CYP2D6 metabolic capacity. Drug Metab Dispos, 2000. 28(6): p. 617-9.

93. Myrianthopoulos, N.C., Waldrop, F.N., B.L., V., A repeat study of herediatry predisposition to drug-
induced parkinsonism. Prog Neurogenetics, 1967. 175: p. 486-491.

94. Myrianthopoulos, N.C., Kurland, A.A., Kurland, I.T., Hereditary predisposition in drug-induced
parkinsonism. Arch Neurol, 1962. 6: p. 5-9.

95. Chatterjee, A., Chakos, M., Koreen, A., Geisler, S., Sheitman, B., Woerner, M., Kane, J.M., Alvir, J.,
Lieberman, J.A., Prevalence and clinical correlates of extrapyramidal signs and spontaneous dyskinesia
in never-medicated schizophrenic patients. Am J Psychiatry, 1995. 152(12): p. 1724-9.

96. Lemmens, P., Brecher, M., Van Baelen, B., A combined analysis of double-blind studies with risperidone
vs. placebo and other antipsychotic agents: factors associated with extrapyramidal symptoms. Acta
Psychiatr Scand, 1999. 99(3): p. 160-70.

97. Keepers, G.A., Casey, D.E., Use of neuroleptic-induced extrapyramidal symptoms to predict future
vulnerability to side effects. Am J Psychiatry, 1991. 148(1): p. 85-9.

98. Sandyk, R., Kay, S.R., Drug-induced parkinsonism: relationship to age at onset of schizophrenia. Funct
Neurol, 1991. 6(2): p. 151-7.

99. Hoffman, W.F., Labs, S.M., Casey, D.E., Neuroleptic-induced parkinsonism in older schizophrenics. Biol
Psychiatry, 1987. 22(4): p. 427-39.

100. Prosser, E.S., Csernansky, J.G., Kaplan, J., Thiemann, S., Becker, T.J., Hollister, L.E., Depression,
parkinsonian symptoms, and negative symptoms in schizophrenics treated with neuroleptics. Journal Of
Nervous And Mental Disease, 1987. 175(2): p. 100-5.

101. Sandyk, R., Kay, S.R., Bradykinesia is associated with ventricular enlargement in chronis schizophrenia.
Int J Neurosci, 1990. 55: p. 19-24.

102. Sandyk, R., Kay, S.R., The relationship of negative schizophrenia to parkinsonism. Int J Neurosci, 1990.
55(1): p. 1-59.

103. Sandyk, R., Kay, S.R., Awerbuch, G.I., Iacono, R.P., Risk factors for neuroleptic-induced movement
disorders. Int J Neurosci, 1991. 61(3-4): p. 149-88.

104. Luchins, D.J., Jackman, H., Meltzer, H.Y., Lateral ventricular size and drug-induced Parkinsonism.
Psychiatry Res, 1983. 9(1): p. 9-16 issn: 0165-1781.

105. Metzer, W.S., Newton, J.E., Steele, R.W., Claybrook, M., Paige, S.R., McMillan, D.E., Hays, S., HLA
antigens in drug-induced parkinsonism. Mov Disord, 1989. 4(2): p. 121-8.

106. Korsgaard, S., Noring, U., Povlsen, U.J., Gerlach, J., Effects of citalopram, a specific serotonin uptake
inhibitor, in tardive dyskinesia and parkinsonism. Clin Neuropharmacol, 1986. 9(1): p. 52-7.

107. Caley, C.F., Friedman, J.H., Does fluoxetine exacerbate Parkinson's disease? J Clin Psychiatry, 1992.
53(8): p. 278-82.

108. McCance-Katz, E.F., Marek, K.L., Price, L.H., Serotonergic dysfunction in depression associated with
Parkinson's disease. Neurology, 1992. 42(9): p. 1813-4.

109. Montastruc, J.L., Fabre, N., Blin, O., Senard, J.M., Rascol, O., Rascol, A., Does fluoxetine aggravate
Parkinson's disease? A pilot prospective study [letter]. Mov Disord, 1995. 10(3): p. 355-7.

110. Durif, F., Vidailhet, M., Bonnet, A.M., Blin, J., Agid, Y., Levodopa-induced dyskinesias are improved by
fluoxetine. Neurology, 1995. 45(10): p. 1855-8.

111. Hauser, R.A., Zesiewicz, T.A., Sertraline for the treatment of depression in Parkinson's disease. Mov
Disord, 1997. 12(5): p. 756-9.

112. Dell'Agnello, G., Ceravolo, R., Nuti, A., Bellini, G., Piccinni, A., D'Avino, C., Dell'Osso, L., Bonuccelli,



      Chapter 2.1

24

U., SSRIs Do Not Worsen Parkinson's Disease: Evidence from an Open-Label, Prospective Study. Clin
Neuropharmacol, 2001. 24(4): p. 221-7.

113. Spigset, O., Adverse reactions of selective serotonin reuptake inhibitors: reports from a spontaneous
reporting system. Drug Safety, 1999. 20(3): p. 277-87.

114. Meltzer, H.Y., Young, M., Metz, J., Fang, V.S., Schyve, P.M., Arora, R.C., Extrapyramidal side effects
and increased serum prolactin following fluoxetine, a new antidepressant. J Neural Transm, 1979. 45(2):
p. 165-75.

115. Shiba, M., Bower, J.H., Maraganore, D.M., McDonnell, S.K., Peterson, B.J., Ahlskog, J.E., Schaid, D.J.,
Rocca, W.A., Anxiety disorders and depressive disorders preceding Parkinson's disease: a case-control
study. Mov Disord, 2000. 15(4): p. 669-77.

116. Inman, W., Paroxetine - PEM report number 6 - August 1993, ed. D.S.R. Unit. 1993.
117. Coulter, D.M., Pillans, P.I., Fluoxetine and extrapyramidal side effects . Am J Psychiatry, 1995. 152(1): p.

122-5.
118. Gormley, N., Watters, L., Lawlor, B.A., Extrapyramidal side effects in elderly patients exposed to

selective serotonin reuptake inhibitors. Hum Psychopharmacol, 1997. 12(2): p. 139-143.
119. Van de Vijver, D.A.M.C., Roos, R.A.C., Jansen, P.A.F., Porsius, A., de Boer, A., Start of selective

serotonin reuptake inhibitor (SSRI) and increase of antiparkinsonian drug treatment in patients on
levodopa. Br J Clin Pharmacol. In press.

120. Mamo, D.C., Sweet, R.A., Mulsant, B.H., Pollock, B.G., Miller, M.D., Stack, J.A., Begley, A.E., Reynolds,
C.F., 3rd, Effect of nortriptyline and paroxetine on extrapyramidal signs and symptoms: A prospective
double-blind study in depressed elderly patients. Am J Geriatr Psychiatry, 2000. 8(3): p. 226-31.

121. Hiemke, C., Hartter, S., Pharmacokinetics of selective serotonin reuptake inhibitors. Pharmacol Ther,
2000. 85(1): p. 11-28.

122. Goodnick, P.J., Goldstein, B.J., Selective serotonin reuptake inhibitors in affective disorders--I. Basic
pharmacology. J Psychopharmacol, 1998. 12(3 Suppl B): p. S5-20.

123. Leo, R.J., Movement disorders associated with the serotonin selective reuptake inhibitors. J Clin
Psychiatry, 1996. 57(10): p. 449-54.

124. Caley, C.F., Extrapyramidal reactions and the selective serotonin-reuptake inhibitors. Annals Of
Pharmacotherapy, 1997. 31(12): p. 1481-9.

125. Murphy, J.M., Laird, N.M., Monson, R.R., Sobol, A.M., Leighton, A.H., A 40-year perspective on the
prevalence of depression: the Stirling County Study [see comments]. Arch Gen Psychiatry, 2000. 57(3): p.
209-15.

126. Micheli, F.E., Pardal, M.M., Giannaula, R., Gatto, M., Parera, I., Paradiso, G., Torres, M., Pikielny, R.,
Pardal, J., Movement disorders and depression due to flunarizine and cinnarizine. Mov Disord, 1989.
4(2): p. 139-46.

127. Brücke, T., Wöber, C., Podreka, I., Wöber-Bingöl, C., Asenbaum, S., Aull, S., Wenger, S., Ilieva, D.,
Harasko-van der Meer, C., Wessely, P., al, e., D2 receptor blockade by flunarizine and cinnarizine
explains extrapyramidal side effects. A SPECT study. J Cereb Blood Flow Metab, 1995. 15(3): p. 513-8.

128. De Vries, D.J., Beart, P.M., Competitive inhibition of [3H]spiperone binding to D-2 dopamine receptors
in striatal homogenates by organic calcium channel antagonists and polyvalent cations. European Journal
Of Pharmacology, 1984. 106(1): p. 133-9.

129. Pileblad, E., Carlsson, A., In vivo effects of the Ca2+-antagonist nimodipine on dopamine metabolism in
mouse brain. J Neural Transm, 1986. 66(3-4): p. 171-87.

130. Veitch, K., Hue, L., Flunarizine and cinnarizine inhibit mitochondrial complexes I and II: possible
implication for parkinsonism. Mol Pharmacol, 1994. 45(1): p. 158-63.

131. Capella, D., Laporte, J.R., Castel, J.M., Tristan, C., Cos, A., Morales Olivas, F.J., Parkinsonism, tremor,
and depression induced by cinnarizine and flunarizine. BMJ, 1988. 297(6650): p. 722-3.

132. Chouza, C., Scaramelli, A., Caamano, J.L., De Medina, O., Aljanati, R., Romero, S., Parkinsonism,
tardive dyskinesia, akathisia, and depression induced by flunarizine. Lancet, 1986. 1(8493): p. 1303-4.

133. Mangone, C.A., Herskovits, E., Extrapyramidal and depressive side reactions with flunarizine and
cinarizine [letter]. J Neurol Neurosurg Psychiatry, 1989. 52(2): p. 288-9.

134. Negrotti, A., Calzetti, S., A long-term follow-up study of cinnarizine- and flunarizine-induced
parkinsonism. Mov Disord, 1997. 12(1): p. 107-10.

135. Agnoli, A., Nappi, G., Useless drugs? Lancet, 1986. 2: p. 1217.
136. Petri, H., Leufkens, H., Naus, J., Silkens, R., van Hessen, P., Urquhart, J., Rapid method for estimating the

risk of acutely controversial side effects of prescription drugs. J Clin Epidemiol, 1990. 43(5): p. 433-9.



      Chapter 2.1

25

137. Verspeelt, J., De Locht, P., Amery, W.K., Postmarketing study of the use of flunarizine in vestibular
vertigo and in migraine. Eur J Clin Pharmacol, 1996. 51(1): p. 15-22.

138. Micheli, F., Pardal, M.F., Gatto, M., Torres, M., Paradiso, G., Parera, I.C., Giannaula, R., Flunarizine-
and cinnarizine-induced extrapyramidal reactions. Neurology, 1987. 37(5): p. 881-4.

139. Stoclet, J.C., Lugnier, C., Follenius, A., Scheftel, J.M., Gerard, O., Calmodulina and calcium regulation,
effect of antagonists. In: Godfraind T, Vanhoutte P.M., Govoni S, Paoletti R eds. Calcium entry blockers
and tissue protection. New York: Raven PRess 1985: 31-40.

140. Holmes, B., Brogden, R.N., Heel, R.C., Speight, T.M., Avery, G.S., Flunarizine. A review of its
pharmacodynamic and pharmacokinetic properties and therapeutic use. Drugs, 1984. 27(1): p. 6-44.

141. Morrison, P.J., Bradbrook, I.D., Rogers, H.J., Plasma cinnarizine levels resulting from oral
administration as capsule or tablet formulation investigated by gas-liquid chromatography. Br J Clin
Pharmacol, 1979. 7(4): p. 349-52.

142. Gimenez Roldan, S., Mateo, D., Cinnarizine-induced parkinsonism. Susceptibility related to aging and
essential tremor. Clin Neuropharmacol, 1991. 14(2): p. 156-64.

143. Garcia Ruiz, P.J., Garcia de Yebenes, J., Jimenez Jimenez, F.J., Vazquez, A., Garcia Urra, D., Morales,
B., Parkinsonism associated with calcium channel blockers: a prospective follow-up study. Clin
Neuropharmacol, 1992. 15(1): p. 19-26 issn: 0362-5664.

144. Marti Masso, J.F., Poza, J.J., Cinnarizine-induced parkinsonism: ten years later. Movement disorders,
1998. 13(3): p. 453.

145. Laporte, J.R., Capella, D., Useless drugs are not placebos: lessons from flunarizine and cinnarizine.
Lancet, 1986. 2(8511): p. 853-4.

146. Marsden, C.D., Jenner, P., The pathophysiology of extrapyramidal side-effects of neuroleptic drugs.
Psychol Med, 1980. 10(1): p. 55-72.

147. Rajput, A.H., Rozdilsky, B., Hornykiewicz, O., Shannak, K., Lee, T., Seeman, P., Reversible drug-
induced parkinsonism. Clinicopathologic study of two cases. Arch Neurol, 1982. 39(10): p. 644-6.

148. Burn, D.J., Brooks, D.J., Nigral dysfunction in drug-induced parkinsonism: an 18F-dopa PET study.
Neurology, 1993. 43(3 Pt 1): p. 552-6.

149. Goetz, C.G., Drug-induced Parkinsonism and idiopathic Parkinson's disease [letter]. Arch Neurol, 1983.
40(5): p. 325-6.

150. Stephen, P.J., Williamson, J., Drug-induced parkinsonism in the elderly. Lancet, 1984. 2(8411): p. 1082-3.
151. Wilson, J.A., Primrose, W.R., Drug induced parkinsonism [letter]. British Medical Journal (Clinical

Research Ed.), 1986. 293(6552): p. 957.
152. Marti Masso, J.F., Carrera, N., Urtasun, M., Lpez de Munain, A., Drugs inducing parkinsonism in our

environment. J Neurol Neurosurg Psychiatry, 1991. 54: p. 1025.
153. Gönül, A.S., Aksu, M., SSRI-induced parkinsonism may be an early sign of future Parkinson's disease

[letter]. Journal Of Clinical Psychiatry, 1999. 60(6): p. 410.
154. Chabolla, D.R., Maraganore, D.M., Ahlskog, J.E., O'Brien, P.C., Rocca, W.A., Drug-induced

parkinsonism as a risk factor for Parkinson's disease: a historical cohort study in Olmsted County,
Minnesota. Mayo Clin Proc, 1998. 73(8): p. 724-7.

155. Negrotti, A., Calzetti, S., Sasso, E., Calcium-entry blockers-induced parkinsonism: possible role of
inherited susceptibility. Neurotoxicology, 1992. 13(1): p. 261-4.

156. Golbe, L.I., Langston, W., The etiology of Parkinson's disease: new directions for research. 1988.
157. Lang, A.E., The genetics of Parkinson's disease. In Koller W.C. (Ed): Handbook of Parkinson's disease.

New York, Marcel Dekker. 1986: p. 185-197.
158. Rybicki, B.A., Johnson, C.C., Peterson, E.L., Kortsha, G.X., Gorell, J.M., A family history of Parkinson's

disease and its effect on other PD risk factors. Neuroepidemiology, 1999. 18(5): p. 270-278.
159. Bezchlibnyk Butler, K.Z., Remington, G.J., Antiparkinsonian drugs in the treatment of neuroleptic-

induced extrapyramidal symptoms. Can J Psychiatry, 1994. 39(2): p. 74-84.
160. Mamo, D.C., Sweet, R.A., Keshavan, M.S., Managing antipsychotic-induced parkinsonism. Drug Saf,

1999. 20(3): p. 269-75.
161. Kuo, F.J., Lane, H.Y., Chang, W.H., Extrapyramidal symptoms after addition of fluvoxamine to

clozapine. J Clin Psychopharmacol, 1998. 18(6): p. 483-4.
162. Gwinn, K.A., Caviness, J.N., Risperidone-induced tardive dyskinesia and parkinsonism. Mov Disord,

1997. 12(1): p. 119-21.
163. Mahmood, T., Clothier, E.B., Bridgman, R., Risperidone-induced extrapyramidal reactions [letter].

Lancet, 1995. 346(8984): p. 1226.



      Chapter 2.1

26

164. Benazzi, F., Severe depression with risperidone-induced EPS in an elderly schizoaffective patient [letter].
Can J Psychiatry, 1996. 41(3): p. 196-7.

165. De Leon, O.A., Jobe, T.H., Furmaga, K.M., Gaviria, M., Severe extrapyramidal reaction due to
risperidone in a case of neurofibromatosis [letter]. J Clin Psychiatry, 1997. 58(7): p. 323.

166. Magnuson, T.M., Keller, B.K., Burke, W.J., Extrapyramidal side effects in a patient treated with
risperidone plus donepezil. Am J Psychiatry, 1998. 155(10): p. 1458-9.

167. Rich, S.S., Friedman, J.H., Ott, B.R., Risperidone versus clozapine in the treatment of psychosis in six
patients with Parkinson's disease and other akinetic-rigid syndromes. J Clin Psychiatry, 1995. 56(12): p.
556-9.

168. Leopold, N.A., Risperidone treatment of drug-related psychosis in patients with parkinsonism. Mov
Disord, 2000. 15(2): p. 301-4.

169. Sheitman, B.B., Lindgren, J.C., Early, J., Sved, M., High-dose olanzapine for treatment-refractory
schizophrenia [letter]. Am J Psychiatry, 1997. 154(11): p. 1626.

170. Chambers, R.A., Caracansi, A., Weiss, G., Olanzapine overdose cause of acute extrapyramidal symptoms
[letter]. American Journal Of Psychiatry, 1998. 155(11): p. 1630-1.

171. Goetz, C.G., Blasucci, L.M., Leurgans, S., Olanzapine aggravates Parkinsonism: randomized double-
blind study in hallucinating Parkinson's disease patients. Abstract Annual Meeting 2000, 2000.

172. Jiménez-Jiménez, F.J., Tallón-Barranco, A., Ortí-Pareja, M., Zurdo, M., Porta, J., Molina, J.A.,
Olanzapine can worsen parkinsonism. Neurology, 1998. 50(4): p. 1183-4.

173. Friedman, J.H., Goldstein, S., Jacques, C., Substituting clozapine for olanzapine in psychiatrically stable
Parkinson's disease patients: results of an open label pilot study. Clin Neuropharmacol, 1998. 21(5): p. 285-8.

174. Graham, J.M., Sussman, J.D., Ford, K.S., Sagar, H.J., Olanzapine in the treatment of hallucinosis in
idiopathic Parkinson's disease: a cautionary note. Journal Of Neurology, Neurosurgery And Psychiatry,
1998. 65(5): p. 774-7.

175. Rudolf, J., Ghaemi, M., Schmulling, S., Deterioration of parkinsonian symptoms following treatment of
dopaminergic hallucinosis with olanzapine. Eur Psychiatry, 1999. 14(6): p. 356-7.

176. Granger, A.S., Hanger, H.C., Olanzapine: extrapyramidal side effects in the elderly. Aust N Z J Med,
1999. 29(3): p. 371-2.

177. Sempere, A.P., Duarte, J., Cabezas, C., Coria, F., Claveria, L.E., Parkinsonism induced by amlodipine
[letter]. Mov Disord, 1995. 10(1): p. 115-6 issn: 0885-3185.

178. Pardal, M.F., Pardal, J.F., Micheli, F., Aggravation of Parkinson's disease by cinnarizine. J Neurol
Neurosurg Psychiatry, 1988. 51: p. 158-9.

179. Martí Massó, J.F., Obeso, J.A., Carrera, N., Martínez-Lage, J.M., Aggravation of Parkinson's disease by
cinnarizine. Journal Of Neurology, Neurosurgery And Psychiatry, 1987. 50(6): p. 804-5.

180. Graham, D.F., Stewart Wynne, E.G., Diltiazem-induced acute parkinsonism [letter]. Aust N Z J Med,
1994. 24(1): p. 70.

181. Dick, R.S., Barold, S.S., Diltiazem-induced parkinsonism. Am J Med, 1989. 87(1): p. 95-6.
182. Meyboom, R.H., Ferrari, M.D., Dieleman, B.P., Parkinsonism, tardive dyskinesia, akathisia, and

depression induced by flunarizine [letter]. Lancet, 1986. 2(8501): p. 292.
183. D'Alessandro, R., Benassi, G., Morganti, G., Side-effects of flunarizine [letter]. Lancet, 1986. 2(8504): p.

463-4.
184. Benvenuti, F., Baroni, A., Bandinelli, S., Ferrucci, L., Corradetti, R., Pantaleo, T., Flunarizine-induced

parkinsonism in the elderly. J Clin Pharmacol, 1988. 28(7): p. 600-8.
185. Moretti, A., Lucantoni, C., Flunarizine-induced parkinsonism: clinical report. Ital J Neurol Sci, 1988.

9(3): p. 295-7.
186. De Michele, G., Filla, A., Coppola, N., Mansi, D., Brescia, M., Buscaino, G.A., Extrapyramidal side-

effects of flunarizine. Acta Neurol Napoli, 1987. 9(3): p. 230-3.
187. Di Rosa, A.E., Morgante, L., Meduri, M., Musolino, R., Leggiadro, N., Coraci, M., Crisafulli, A., Di

Perri, R., Parkinson-like side effects during prolonged treatment with flunarizine. Funct Neurol, 1987.
2(1): p. 47-50.

188. Hefner, R., Fischer, P.A., [Increase in Parkinson symptoms caused by calcium antagonists]. Nervenarzt,
1989. 60(3): p. 187-8.

189. Nakashima, K., Shimoda, M., Kuno, N., Takahashi, K., Temporary symptom worsening caused by
manidipine hydrochloride in two patients with Parkinson's disease [letter; comment]. Mov Disord, 1994.
9(1): p. 106-7.

190. Malaterre, H.R., Lauribe, P., Paganelli, F., Ramond, B., Levy, S., [Parkinson syndrome, a possible



      Chapter 2.1

27

adverse effect of calcium inhibitors]. Arch Mal Coeur Vaiss, 1992. 85(9): p. 1335-7.
191. Garcia Albea, E., Jimenez Jimenez, F.J., Ayuso Peralta, L., Cabrera Valdivia, F., Vaquero, A., Tejeiro, J.,

Parkinsonism unmasked by verapamil. Clin Neuropharmacol, 1993. 16(3): p. 263-5.
192. Padrell, M.D., Navarro, M., Faura, C.C., Horga, J.F., Verapamil-induced parkinsonism. Am J Med, 1995.

99(4): p. 436.
193. Gurwitz, J.H., Avorn, J., Old age--is it a risk for adverse drug reactions? Agents And Actions.

Supplements, 1990. 29: p. 13-25.
194. Wils, V., Extrapyramidal symptoms in a patient treated with fluvoxamine [letter]. J Neurol Neurosurg

Psychiatry, 1992. 55(4): p. 330-1.
195. Meco, G., Worsening of parkinsonism and fluvoxamine. Hum Psychopharmacol, 1994. 9: p. 439-441.
196. Singh, R.K., Gupta, A.K., Singh, B., Acute organic brain syndrome after fluoxetine treatment [letter]. Am

J Psychiatry, 1995. 152(2): p. 295-6.
197. Gernaat, H.B., Van de Woude, J., Touw, D.J., Fluoxetine and parkinsonism in patients taking

carbamazepine [letter]. Am J Psychiatry, 1991. 148(11): p. 1604-5.
198. Brod, T.M., Fluoxetine and extrapyramidal side effects [letter]. Am J Psychiatry, 1989. 146(10): p. 1352-3.
199. Austin, L.S., Arana, G.W., Melvin, J.A., Toxicity resulting from lithium augmentation of antidepressant

treatment in elderly patients. J Clin Psychiatry, 1990. 51(8): p. 344-5.
200. Bouchard, R.H., Pourcher, E., Fluoxetine and extrapyramidal side effects [letter]. Am J Psychiatry, 1989.

146(10): p. 1352-3.
201. Chouinard, G., Sultan, S., Parkinson's disease exacerbated by fluoxetine. Hum Psychopharmacol, 1992. 7:

p. 63.
202. Jansen, E.N., Kolling, P., [Parkinsonism following addition of fluoxetine to treatment with neuroleptics or

carbamazepine (letter)]. Ned Tijdschr Geneeskd, 1992. 136(15): p. 755-6.
203. Steur, E.N., Increase of Parkinson disability after fluoxetine medication. Neurology, 1993. 43(1): p. 211-3.
204. Richard, I.H., Maughn, A., Kurlan, R., Do serotonin reuptake inhibitor antidepressants worsen

Parkinson's disease? A retrospective case series. Movement Disorders, 1999. 14(1): p. 155-7.
205. Gatto, E.M., Fernandez Pardal, M., Micheli, F., [Exacerbation of parkinsonism caused by fluoxetine].

Medicina, 1994. 54(2): p. 182.
206. Simons, J.A., Fluoxetine in Parkinson's disease. Mov Disord, 1996. 11(5): p. 581-2.
207. Malek Ahmadi, P., Allen, S.A., Paroxetine-molindone interaction [letter]. J Clin Psychiatry, 1995. 56(2):

p. 82-3.
208. Berk, M., Paroxetine induced dystonia and parkinsonism in obsessive compulsive disorder. Hym

Psychopharmacol, 1993. 8: p. 444.
209. Jiménez-Jiménez, F.J., Tejeiro, J., Martínez-Junquera, G., Cabrera-Valdivia, F., Alarcón, J., García-Albea,

E., Parkinsonism exacerbated by paroxetine. Neurology, 1994. 44(12): p. 2406.
210. Gregory, R.J., White, J.F., Can sertraline induce parkinson's disease? Psychosomatics, 2001. 42(2): p.

163-4.
211. Di Rocco, A., Brannan, T., Prikhojan, A., Yahr, M.D., Sertraline induced parkinsonism. A case report

and an in-vivo study of the effect of sertraline on dopamine metabolism. J Neural Transm, 1998. 105(2-3):
p. 247-51.

212. Kolling, P., Jansen Steur, E.N., de Burlet, H.M., [Extrapyramidal disorders following sertraline use;
experiences with a new selective antidepressant]. Ned Tijdschr Geneeskd, 1996. 140(28): p. 1467-8 issn:
0028-2162.

213. Schechter, D.S., Nunes, E.V., Reversible parkinsonism in a 90-year-old man taking sertraline. J Clin
Psychiatry, 1997. 58(6): p. 275.

214. Pina Latorre, M.A., Modrego, P.J., Rodilla, F., Catalan, C., Calvo, M., Parkinsonism and Parkinson's
disease associated with long-term administration of sertraline. J Clin Pharm Ther, 2001. 26(2): p. 111-2.

215. Lambert, M.T., Trutia, C., Petty, F., Extrapyramidal adverse effects associated with sertraline. Prog
Neuropsychopharmacol Biol Psychiatry, 1998. 22(5): p. 741-8.

216. Cano, A., Roquer, J., [Parkinsonism secondary to the use of sertraline]. Med Clin (Barc), 1995. 105(20):
p. 797-8.

217. Pina Latorre, M.A., Zabala Lopez, S., [Reversible parkinsonism secondary to the use of sertraline].
Neurologia, 1998. 13(9): p. 444-5.

218. Stadtland, C., Erfurth, A., Arolt, V., De novo onset of Parkinson's disease after antidepressant treatment
with citalopram. Pharmacopsychiatry, 2000. 33(5): p. 194-5.

219. Linazasoro, G., Worsenign of Parkinson's disease by citalopram. Parkinsonism Rel Disorders, 2000. 6: p.



      Chapter 2.1

28

111-113.
220. Gammon, G.D., Hansen, C., A case of akinesia induced by amoxapine. Am J Psychiatry, 1984. 141(2): p.

283-4.
221. Thornton, J.E., Stahl, S.M., Case report of tardive dyskinesia and parkinsonism associated with

amoxapine therapy. Am J Psychiatry, 1984. 141(5): p. 704-5.
222. Sunderland, T., Orsulak, P.J., Cohen, B.M., Amoxapine and neuroleptic side effects: a case report. Am J

Psychiatry, 1983. 140(9): p. 1233-5.
223. Vandel, P., Bonin, B., Leveque, E., Sechter, D., Bizouard, P., Tricyclic antidepressant-induced

extrapyramidal side effects. European Neuropsychopharmacology, 1997. 7(3): p. 207-12.
224. Teusink, J.P., Alexopoulos, G.S., Shamoian, C.A., Parkinsonian side effects induced by a monoamine

oxidase inhibitor. American Journal Of Psychiatry, 1984. 141(1): p. 118-9.
225. Werner, E.G., Olanow, C.W., Parkinsonism and amiodarone therapy. Annals Of Neurology, 1989. 25(6):

p. 630-2.
226. Dotti, M.T., Federico, A., Amiodarone-induced parkinsonism: a case report and pathogenetic discussion.

Movement Disorders, 1995. 10(2): p. 233-4.
227. Lustman, F., Monseu, G., Amiodarone and neurological side-effects [letter]. Lancet, 1974. 1(7857): p. 568.
228. Palakurthy, P.R., Iyer, V., Meckler, R.J., Unusual neurotoxicity associated with amiodarone therapy.

Archives Of Internal Medicine, 1987. 147(5): p. 881-4.
229. Marti Masso, J.F., Carrera, N., Urtasun, M., Drug-induced parkinsonism: a growing list [letter]. Mov

Disord, 1993. 8(1): p. 125.
230. Goni, M., Jimenez, M., Feijoo, M., Parkinsonism induced by phenytoin [letter]. Clin Neuropharmacol,

1985. 8(4): p. 383-4.
231. Lautin, A., Stanley, M., Angrist, B., Gershon, S., Extrapyramidal syndrome with sodium valproate.

British Medical Journal, 1979. 2(6197): p. 1035-6.
232. Sasso, E., Delsoldato, S., Negrotti, A., Mancia, D., Reversible valproate-induced extrapyramidal

disorders. Epilepsia, 1994. 35(2): p. 391-3.
233. van der Zwan, A.J., [Transient Parkinson syndrome and tremor caused by the use of sodium valproate].

Nederlands Tijdschrift Voor Geneeskunde, 1989. 133(24): p. 1230-2.
234. Armon, C., Brown, E., Carwile, S., Miller, P., Shin, C., Sensorineural hearing loss: a reversible effect of

valproic acid. Neurology, 1990. 40(12): p. 1896-8.
235. Armon, C., Miller, P., Carwile, S., Valproate-induced dementia and parkinsonism: prevalence in actively

ascertained epilepsy clinic population [abstract]. Neurology, 1991. 41: p. 1162.
236. Shimoda, K., Hikasa, C., Nishikawa, S., Takahashi, K., [A case report of captopril-induced

parkinsonism]. Rinsho Shinkeigaku.  Clinical Neurology, 1987. 27(3): p. 366-8.
237. Rosenblum, A.M., Montgomery, E.B., Exacerbation of parkinsonism by methyldopa [letter]. Jama, 1980.

244(24): p. 2727-8.
238. Groden, B.M., Parkinsonism occuring with methyldopa treatment. BMJ, 1963. 1: p. 1001.
239. Mackie, L., Drug antagonism. British Medical Journal, 1971. 2(762): p. 651.
240. Suranyi-Cadotte, B.E., Nestoros, J.N., Nair, N.P., Lal, S., Gauthier, S., Parkinsonism induced by high

doses of diazepam. Biological Psychiatry, 1985. 20(4): p. 455-7.
241. Strouse, T.B., Salehmoghaddam, S., Spar, J.E., Acute delirium and parkinsonism in a bupropion-treated

liver transplant recipient [letter; comment]. J Clin Psychiatry, 1993. 54(12): p. 489-90.
242. Enevoldson, T.P., Wiles, C.M., Acute parkinsonism associated with flurbibrofen. Bmj (Clinical Research

Ed.), 1990. 300(6723): p. 540-1.
243. Shaunak, S., Brown, P., Morgan-Hughes, J.A., Exacerbation of idiopathic Parkinson's disease by

naproxen. Bmj (Clinical Research Ed.), 1995. 311(7002): p. 422.
244. Sandyk, R., Gillman, M.A., Acute exacerbation of Parkinson's disease with sulindac. Annals Of

Neurology, 1985. 17(1): p. 104-5.
245. Bergevin, P.R., Patwardhan, V.C., Weissman, J., Lee, S.M., Letter: Neurotoxicity of 5-fluorouracil.

Lancet, 1975. 1(7903): p. 410.
246. Boranic, M., Raci, F., A Parkinson-like syndrome as side effect of chemotherapy with vincristine and

adriamycin in a child with acute leukaemia. Biomedicine, 1979. 31(5): p. 124-5.
247. Howell, S.J., Sagar, H.J., A progressive parkinsonian syndrome developing after chemotherapy and

radiotherapy for non-Hodgkin's lymphoma [letter]. Mov Disord, 1994. 9(3): p. 373-5.
248. Fox, J.H., Bennett, D.A., Goetz, C.G., Penn, R.D., Savoy, S., Clasen, R., Wilson, R.S., Induction of

parkinsonism by intraventricular bethanechol in a patient with Alzheimer's disease. Neurology, 1989.



      Chapter 2.1

29

39(9): p. 1265.
249. Iwasaki, Y., Wakata, N., Kinoshita, M., Parkinsonism induced by pyridostigmine [letter]. Acta

Neurologica Scandinavica, 1988. 78(3): p. 236.
250. Balmaceda, C.M., Walker, R.W., Castro-Malaspina, H., Dalmau, J., Reversal of amphotericin-B-related

encephalopathy. Neurology, 1994. 44(6): p. 1183-4.
251. Devinsky, O., Lemann, W., Evans, A.C., Moeller, J.R., Rottenberg, D.A., Akinetic mutism in a bone

marrow transplant recipient following total- body irradiation and amphotericin B chemoprophylaxis. A
positron emission tomographic and neuropathologic study. Arch Neurol, 1987. 44(4): p. 414-7.

252. Mintz, U., Liberman, U.A., Vries, A.d., Parkinsonism syndrome due to cephaloridine. Jama, 1971.
216(7): p. 1200.

253. Bird, G.L., Meadows, J., Goka, J., Polson, R., Williams, R., Cyclosporin-associated akinetic mutism and
extrapyramidal syndrome after liver transplantation. Journal Of Neurology, Neurosurgery And
Psychiatry, 1990. 53(12): p. 1068-71.

254. Naito, Y., Kuzuhara, S., [Parkinsonism induced or worsened by cisapride]. Nippon Ronen Igakkai
Zasshi.  Japanese Journal Of Geriatrics, 1994. 31(11): p. 899-902.

255. Montagna, P., Gabellini, A.S., Monari, L., Lugaresi, E., Parkinsonian syndrome after long-term treatment
with clebopride [letter]. Movement Disorders, 1992. 7(1): p. 89-90.

256. Sempere, A.P., Duarte, J., Palomares, J.M., Coria, F., Clavería, L.E., Parkinsonism and tardive dyskinesia
after chronic use of clebopride [letter]. Movement Disorders, 1994. 9(1): p. 114-5.

257. Jiménez-Jiménez, F.J., Cabrera-Valdivia, F., Ayuso-Peralta, L., Tejeiro, J., Vaquero, A., García-Albea, E.,
Persistent parkinsonism and tardive dyskinesia induced by clebopride. Movement Disorders, 1993. 8(2):
p. 246-7.

258. Martínez-Martín, P., Transient dyskinesia induced by clebopride [letter]. Movement Disorders, 1993.
8(1): p. 125-6.

259. May, E.F., Ling, G.S., Geyer, C.A., Jabbari, B., Contrast agent overdose causing brain retention of
contrast, seizures and parkinsonism. Neurology, 1993. 43(4): p. 836-8.

260. Laplane, D., Attal, N., Sauron, B., de Billy, A., Dubois, B., Lesions of basal ganglia due to disulfiram
neurotoxicity. Journal Of Neurology, Neurosurgery And Psychiatry, 1992. 55(10): p. 925-9.

261. de Mari, M., De Blasi, R., Lamberti, P., Carella, A., Ferrari, E., Unilateral pallidal lesion after acute disulfiram
intoxication: a clinical and magnetic resonance study. Movement Disorders, 1993. 8(2): p. 247-9.

262. Micheli, F., Gatto, E., Fernandez Pardal, M., Paradiso, G., Domperidona y enfermedad de parkinson.
Medicina, 1988. 48(2): p. 218.

263. Tyrer, P., Alexander, M.S., Regan, A., Lee, I., An extrapyramidal syndrome after lithium therapy. British
Journal Of Psychiatry, 1980. 136: p. 191-4.

264. Ejima, A., Imamura, T., Nakamura, S., Saito, H., Matsumoto, K., Momono, S., Manganese intoxication
during total parenteral nutrition [letter]. Lancet, 1992. 339(8790): p. 426.

265. Olive, J.M., Masana, L., Gonzalez, J., Meperidine and reversible parkinsonism [letter]. Mov Disord,
1994. 9(1): p. 115-6.

266. Lieberman, A.N., Goldstein, M., Reversible parkinsonism related to meperidine [letter]. New England
Journal Of Medicine, 1985. 312(8): p. 509.

267. Kataria, M., Traub, M., Marsden, C.D., Extrapyramidal side-effects of metoclopramide [letter]. Lancet,
1978. 2(8102): p. 1254-5.

268. Grimes, J.D., Parkinsonism and tardive dyskinesia associated with long-term metoclopramide therapy
[letter]. New England Journal Of Medicine, 1981. 305(23): p. 1417.

269. Indo, T., Ando, K., Metoclopramide-induced Parkinsonism. Clinical characteristics of ten cases.
Archives Of Neurology, 1982. 39(8): p. 494-6.

270. Sirota, R.A., Kimmel, P.L., Trichtinger, M.D., Diamond, B.F., Stein, H.D., Yudis, M., Metoclopramide-
induced parkinsonism in hemodialysis patients. Report of two cases. Archives Of Internal Medicine, 1986.
146(10): p. 2070-1.

271. Miller, L.G., Jankovic, J., Metoclopramide-induced movement disorders. Clinical findings with a review
of the literature. Arch Intern Med, 1989. 149(11): p. 2486-92.

272. Sethi, K.D., Zamrini, E.Y., Asymmetry in clinical features of drug-induced parkinsonism. Journal Of
Neuropsychiatry And Clinical Neurosciences, 1990. 2(1): p. 64-6.

273. Ganzini, L., Casey, D.E., Hoffman, W.F., McCall, A.L., The prevalence of metoclopramide-induced
tardive dyskinesia and acute extrapyramidal movement disorders. Archives Of Internal Medicine, 1993.
153(12): p. 1469-75.



      Chapter 2.1

30

274. Avorn, J., Gurwitz, J.H., Bohn, R.L., Mogun, H., Monane, M., Walker, A., Increased incidence of
levodopa therapy following metoclopramide use. JAMA, 1995. 274(22): p. 1780-2.

275. Bateman, D.N., Rawlins, M.D., Simpson, J.M., Extrapyramidal reactions with metoclopramide. British
Medical Journal (Clinical Research Ed.), 1985. 291(6500): p. 930-2.

276. Yasui, M., Kihira, T., Ota, K., Funahashi, K., Komai, N., [A case of parkinsonism induced by an oral
contraceptive]. No To Shinkei.  Brain And Nerve, 1992. 44(2): p. 163-6.

277. Bateman, D.N., Rawlins, M.D., Simpson, J.M., Extrapyramidal reactions to prochlorperazine and
haloperidol in the United Kingdom. Quarterly Journal Of Medicine, 1986. 59(230): p. 549-56.

278. Mutch, W.J., Drug-induced parkinsonism [letter]. Lancet, 1985. 1(8420): p. 113.
279. Goldman, D., Parkinsonism and related phenomena from administration of drugs: their production and

control under clinical conditions and possible relation to therapeutic effect. Rev. Canad. Biol., 1961. 20:
p. 549-560.

280. Chase, T.N., Drug-induced extrapyramidal disorders. Res Publ Ass Nerv Ment Dis, 1972. 50: p. 448.
281. Donlon, P.T., Stenson, R.L., Neuroleptic induced extrapyramidal symptoms. Diseases Of The Nervous

System, 1976. 37(11): p. 629-35.
282. Grohmann, R., Koch, R., Schmidt, L.G., Extrapyramidal symptoms in neuroleptic recipients. Agents

Actions Suppl, 1990. 29: p. 71-82.
283. Toenniessen, L.M., Casey, D.E., McFarland, B.H., Tardive dyskinesia in the aged. Duration of treatment

relationships. Archives Of General Psychiatry, 1985. 42(3): p. 278-84.
284. Weiden, P.J., Mann, J.J., Haas, G., Mattson, M., Frances, A., Clinical nonrecognition of neuroleptic-induced

movement disorders: a cautionary study. American Journal Of Psychiatry, 1987. 144(9): p. 1148-53.
285. Hansen, T.E., Brown, W.L., Weigel, R.M., Casey, D.E., Underrecognition of tardive dyskinesia and

drug-induced parkinsonism by psychiatric residents. Gen Hosp Psychiatry, 1992. 14(5): p. 340-4.



      Chapter 2.2

31

CHAPTER 2.2

Identifying patients with extrapyramidal
syndromes using pharmacy records

I. Schillevoort1, L. van den Heuvel1, M.C.J.M. Sturkenboom2, A. de Boer1, R.A.C. Roos3, P.A.F.

Jansen4 , H.G.M. Leufkens1

1. Department of Pharmacoepidemiology & Pharmacotherapy, Utrecht Institute for

Pharmaceutical Sciences (UIPS), Utrecht University, Utrecht, the Netherlands

2. Department of Epidemiology and Biostatistics, Erasmus Medical Center

3. Department of Neurology, Leiden University Medical Centre, Leiden, the Netherlands

4. Department of Geriatrics, University Medical Centre, Utrecht, the Netherlands



      Chapter 2.2

32

ABSTRACT

Aim To assess the validity of antiparkinsonian medication as a marker for antipsychotic-induced

extrapyramidal syndromes (EPS).

Method Data was obtained from the Integrated Primary Care Information (IPCI) database

containing all data on consultations, morbidity, prescriptions and other interventions of over

420.000 community-dwelling people in the Netherlands from January 1, 1995 through January 16,

2001. We defined a cohort of patients aged 15-54 who were newly treated with antipsychotic drugs

(APDs), according to their outpatient prescription records. From them, we identified possible cases

of EPS by reviewing patients’ computerized medical charts for a priori selected terms and

diagnostic codes indicative of EPS. Charts of selected patients were subsequently reviewed by an

expert panel to verify the diagnosis of EPS. From the prescription files, we assessed the use of

antiparkinsonian medication. From these data, we calculated the positive predictive value (PPV),

sensitivity and specificity of antiparkinsonian medication as a marker for EPS.

Results  From the 563 patients newly treated with APDs, we identified 28 (5.0%) cases of EPS.

Twentytwo patients in the population (3.9%) were treated with antiparkinsonian medication, ten of

which had an indication for treatment recorded in the medical charts. Of these, nine had EPS,

yielding a PPV of 0.90. The majority of patients with EPS had no record of antiparkinsonian drug

treatment, resulting in a low sensitivity: 0.32. Specificity was 0.98.

Conclusion Our results suggest that antiparkinsonian medication is mostly used for treatment of

EPS and thus can be validly used in an uncontrolled setting to identify EPS in non-elderly APD

users. However, this marker may induce considerable underestimation when used to study the

frequency of these symptoms.



      Chapter 2.2

33

INTRODUCTION

One of the most important side effects of antipsychotic drugs (APDs) are extrapyramidal syndromes

(EPS, i.e. parkinsonism, akathisia, dystonia and tardive dyskinesia). EPS can adversely affect a

patient’s well-being, compliance to treatment and as a result treatment outcome [1]. Therefore,

many studies that compare new (atypical) APDs with conventional ones focus on the frequency of

these symptoms.

In randomized clinical trials, EPS is often assessed both through clinical rating scales and by

gauging the use of antiparkinsonian medication [2, 3]. While the first may also identify minor

symptoms that may go unnoticed in daily practice, assessing the use of antiparkinsonian medication

only identifies patients with symptoms that were considered severe enough by either the treating

physician or the patient to warrant treatment. Since antiparkinsonian medication can easily be traced

in medical care databases, several observational studies have used this marker to assess the

occurrence of drug-induced EPS in daily clinical practice [4-6]. However, in such uncontrolled

settings antiparkinsonian medication may also be prescribed for other reasons than treatment of EPS

[7]. Furthermore, in addition to antiparkinsonian medication, there are several other treatment

options to reduce drug-induced EPS, including dose reduction, discontinuation or switching of the

offending medication or the use of other drugs such as benzodiazepines or propranolol [8].

Therefore, we assessed the validity of antiparkinsonian medication in an automated prescription

database as a marker for EPS, using stored electronic medical records from a large outpatient

population.

METHOD

Setting
Data was obtained from the Integrated Primary Care Information (IPCI) system, a database

containing information from computerized patient records of Dutch general practioners (GPs). The

database was initiated in 1992 and includes data on demographics, patient complaints, symptoms,

laboratory tests, diagnoses, discharge and consultant letters and prescribed drugs, as well as all GPs’

notes, recorded as free text. Prescriptions are written directly from the computer, thus ensuring

automatic recording of dispensing date, drug name, dosage form, amount dispensed, prescribed

dose regimen and indication. Patient complaints, diagnoses and indications are coded through a

modified version of the International Classification of Primary Care (ICPC) [9], but can also be

recorded in the GP’s notes. The IPCI system has previously been used to study various types of

drug-related morbidity [10-12]. For this study we used all available data from January 1, 1995 till

January 16, 2001, incorporating data on 427,386 patients from 82 general practices.

Patients
We defined a cohort of patients who received antipsychotic medication for the first time, according

to their outpatient prescription records, and who were enrolled in the IPCI database for at least one

year and were between the age of 15 and 54 on the day APDs were first prescribed. Patients were

followed until transferring out of the general practice or death, whichever came first.
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Outcome definition
To assess the validity of antiparkinsonian medication as a marker for EPS, we first identified

patients with EPS. Given the retrospective nature of this study, we were not able to actually

examine patients for the occurrence of EPS during APD treatment. Therefore, we had to rely on the

clinical observations and diagnoses made by the GPs or made available to the GP by means of

referral or discharge letters. We identified possible cases of EPS by looking for ICPC codes and

descriptions in GPs’ notes that might refer to EPS, including any of the codes and terms listed in

appendix 1 and 2, respectively. All recorded data of these cases –except information on

antiparkinsonian medication and type of APD- was subsequently independently reviewed by two of

us (R.A.C.R. and P.A.F.J.). Patients were defined as probable cases of EPS when, based on the

chart review, the presence of EPS was considered likely by both reviewers. Discrepancies between

the two reviewers were discussed until consensus was reached. Second, for each patient we assessed

the first use of any drug indicated in the Netherlands for treatment of EPS, including both

anticholinergic and dopaminergic drugs. Although most dopaminergic agents are not indicated for

treatment of drug-induced EPS, they may be used as such when these symptoms are misdiagnosed

with idiopathic Parkinson’s disease [4].

Statistical analysis
We calculated the positive predictive value (PPV), sensitivity and specificity of antiparkinsonian

medication as a marker for EPS. Patients prescribed antiparkinsonian medication and patients with

EPS before or on the day of cohort entry were not included in the analysis.

RESULTS

We identified 563 patients who fulfilled the inclusion criteria for our study. Most of them started

with haloperidol (18.5%), followed by pipamperon (14.2%) and pimozide (9.9%). Mean age of the

study population was 37 years; 48.0% was female. Based on the ICPC codes and GP notes, we

identified 28 probable cases of EPS (5.0%). In addition, we identified 22 patients in the whole

population (3.9%) who received antiparkinsonian medication, all of which were anticholinergic

drugs (table 1). Only ten of these patients had an indication for treatment recorded in their medical

chart, nine of which were EPS. This yielded a PPV of 0.90. For the remaining patient the GP’s

notes showed antiparkinsonian medication was used prophylactically after an increase in APD dose.

Of the twelve patients for which we could not find a reason for antiparkinsonian drug treatment in

the medical charts, nine had been treated by a psychiatrist. Assuming all twelve patients had

received antiparkinsonian medication for reasons other than treatment of EPS resultsed in a PPV of

0.41.

Of the 28 patients with EPS, nineteen (67.9%) had no record of outpatient antiparkinsonian drug

treatment, yielding a sensitivity of 0.32. Ten of them had their symptoms treated by dose reduction,

switching or stopping of the offending medication. For the remaining eight, we could not identify

any EPS treatment from the GPs’ notes. Including the 12 patients for which no indication of

antiparkinsonian drug treatment was recorded, the specificity of antiparkinsonian medication as a

marker for EPS was 0.98 (table 1).
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Table 1 Number of patients prescribed antiparkinsonian medication and fulfilling the definition

of possible and probable EPS (see text for definitions)

Probable EPS Total

yes no

prescription of antiparkinsonian medication 9 13* 22

no prescription of antiparkinsonian medication 19 522 541

Total 28 535 563

* Only for one of these could an indication of antiparkinsonian drug treatment be identified from the GP notes,

being prophylactic use after an increase of APD dosage. For the remaining 12 patients the presence or

absence of EPS is uncertain

DISCUSSION

We found that in a cohort of new outpatient APD users, for many patients the reason for

antiparkinsonian medication could not be retrieved from their medical charts. This is likely to be

related to the fact that many of them were also seen by a psychiatrist: if antiparkinsonian medication

was initiated by a psychiatrist and continued by the GP, the initial reason for prescribing is unlikely

to be recorded in the outpatient medical charts. Of those who did have an indication for treatment

recorded, ninety percent received antiparkinsonian medication for treatment of EPS. While the

specificity was also high, this marker had a poor sensitivity: 68% of the patients with EPS were not

treated with antiparkinsonian drugs. The majority of them had their EPS treated by either dose

reduction, switching or discontinuation of the offfending medication. In addition to this, by

definition, antiparkinsonian medication can only be a marker for EPS that has been recognized in

the first place. Thus, the sensitivity may be lower when some cases of EPS were not diagnosed by

the treating physician. However, patients with EPS that were not diagnosed as such or were not

treated with antiparkinsonian medication are likely to represent milder cases [13].

We are not aware of other studies that assessed the use of antiparkinsonian medication as a marker

for antipsychotic-induced EPS. Van de Vijver et al. studied the use of antiparkinsonian medication

to identify patients with idiopathic Parkinson’s disease [14]. As in our study, they found a high

positive predictive value and specificity, while sensitivity was low.

Our results suggest that antiparkinsonian medication is mostly used for treatment of EPS and thus

can be validly used in an uncontrolled setting to identify EPS in non-elderly APD users. However,

this result is likely to apply only to settings where prescription data is (near-)complete. Furthermore,

these results not necessairily apply to elderly patients or to EPS induced by drugs other than APDs.

The use of antiparkinsonian medication showed a low sensitivity to identify antipsychotic-induced

EPS. Thus, this marker may induce considerable underestimation when used to study the frequency

of these symptoms.
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 Appendix 1 ICPC codes searched for to identify possible cases of extrapyramidal syndromes

ICPC code Symptom / diagnosis

D20 symptom / complaint mouth / tongue / lip

D20.1 symptom / complaint mouth

D20.2 symptom / complaint tongue

D20.3 symptom / complaint lip

D21 swallowing problem

F14 eye movements abnormal

F14.2 other abnormal eye movements

F15 eye appearance abnormal

F15.3 other abnormal eye appearance

L01 neck symptom / complaint

L99 musculoskeletal disease other

L99.9 musculoskeletal disease other

N04 restless legs

N06 sensation disturbance other

N06.2 sensation disturbance other / unspecified

N29 neurological symptom / complaint other

N29.1 movement disorder

N87 parkinsonism

N87.1 Parkinson’s disease

N87.2 other parkinsonism

N99 neurological disease other

N99.1 extrapyramidal disorder

R21 throat symptom / complaint

R21.2 throat symptom / complaint

R23 voice symptom / complaint

R23.3 other voice symptom / complaint
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Appendix 2 Terms searched for in GP notes to identify possible cases of extrapyramidal

syndromes

• parkinsonism, masked facies, coghweel rigidity, bradykinesia, shuffling gait, tremor, worsening of pre-

existing parkinsonism

• akathisia, restless legs, restlessness

• dystonia, trismus, jaw spasms, oculogyric spasms, torticollis, opisthotonus

• dyskinesia, lingual-facial-buccal dyskinesia, limb-truncal dyskinesia, choreatic movements, athetosis

• extrapyramidal syndrome
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ABSTRACT

Aim To compare the risk of extrapyramidal syndromes (EPS) between specific subgroups of

antipsychotics.

Method Using the automated dispensing histories of a large psychiatric hospital in the Netherlands,

we defined cases as first-time users of anticholinergic antiparkinsonian drugs. Controls were

patients with no recorded use of such medication. Cases and controls were compared with regard to

previous use of antipsychotics and relevant co-factors.

Results Out of 1,403 patients, we identified 105 cases and 330 controls. Compared to non-users,

antipsychotic-users were 10 times more likely to start with anticholinergic antiparkinsonian

medication (adjusted odds ratio: 10.1; 95% confidence interval 4.6-22.3). Conventional and atypical

antipsychotics showed comparable odds ratios (10.0, 95% CI 4.4-22.5 vs. 8.0, 95% CI 2.6-24.5).

The occurrence of EPS was lower with low potency than with high potency antipsychotics (3.0,

95% CI 0.9-10.3 vs. 10.8, 95% CI 4.7-25.1). While low potency antipsychotics were given in lower

doses than high potency drugs, prescribed doses of conventional and atypical antipsychotic drugs

were equivalent. Furthermore, they were much lower than those used in previous clincial trials.

Conclusions We could not corroborate the reduced risk with atypical antipsychotics previously

observed in several clinical trials. This discrepancy may be explained by the use of high and non-

equivalent doses of conventional antipsychotics in many of these trials. However, we can not

exclude that in our study population atypical antipsychotics were more often prescribed to patients

susceptible to EPS.
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INTRODUCTION

Since the introduction of chlorpromazine in the early 1950’s, antipsychotics are the drugs of choice

in the treatment of schizophrenia and other psychotic disorders. A drawback in their use is the

induction of extrapyramidal syndromes (EPS), a group of movement disorders that include

parkinsonism, akathisia, dystonia and tardive dyskinesia. Not all antipsychotics, however, induce

EPS to the same extent. Low potency antipsychotics (i.e. those with low affinity for postsynaptic

D2-receptors) like chlorpromazine are thought to have a lower risk of EPS than high potency drugs

like haloperidol [1]. However, their application is limited by the high incidence of cardiovascular

and anticholinergic side effects [2].

In the 1960’s clozapine was introduced, which combined a unique antipsychotic efficacy with a low

risk of EPS. In recent years, several new antipsychotics have been marketed which tried to mimic

this effect, including risperidone, olanzapine, sertindole and quetiapine. A number of clinical trials

have indeed shown them to be at least as effective as haloperidol, but with considerably less EPS

[3-5]. This group of antipsychotics has consequently been classified as atypical. However, their

reduced risk of EPS is not undisputed and several other studies observed no difference in risk

between atypical and conventional antipsychotics [6-9].

We studied whether differences in the occurrence of EPS between subgroups of antipsychotics

could be observed in daily clinical practice. In a large population of institutionalized and semi-

ambulant psychiatric patients in the Netherlands, we compared the risk of starting with

anticholinergic antiparkinsonian medication between conventional and atypical, low and high

potency and also between depot and non-depot antipsychotics.

METHOD

Setting
For this study we used dispensing histories from 1992 till 1997 stored in a central computer in a

large psychiatric clinic in the Netherlands. The clinic consists of a large group (total 1,200 beds) of

treatment centers responsible for institutionalized and semi-ambulant psychiatric care in the

Netherlands. Three main departments are discerned: adult short stay and medium stay care, long

stay care and elderly care, containing all types of psychiatric disorders, most commonly

schizophrenia and other psychotic disorders, depressions, bipolar disorders, anxiety disorders and

personality disorders. Departments have been automated with respect to dispensing of drugs

consecutively since 1992. Therefore, dispensing histories and thus follow-up may differ in length

per department and thus per patient.

Selection of cases and controls
Included as cases in our study were patients who used an anticholinergic antiparkinsonian drug

(benzatropine, biperiden, dexetimide, orphenadrine, procyclidine, trihexyphenidyl) for the first time

in their recorded automated dispensing history and who had an automated dispensing history of at

least 180 days preceding that first use. Hence, all included patients were free from use of

antiparkinsonian drugs for at least 180 days. Excluded were patients who used dopaminergic
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antiparkinsonian drugs (i.e. levodopa, selegiline, bromocriptine, lisuride, pergolide and

amantadine), since these drugs are not specifically indicated for treatment of antipsychotic-induced

EPS [10]. We also excluded patients who started with antiparkinsonian and antipsychotic

medication simultaneously, since this is likely to reflect prophylactic use of the antiparkinsonian

drug. All remaining cases were assigned an index-date, being the date of first use of the

antiparkinsonian drug. Controls were all patients with no recorded use of antiparkinsonian drugs

who had an automated dispensing history of at least 180 days prior to their randomly assigned index

date.

Exposure definition
Cases and controls were compared with regard to exposure to antipsychotic drugs within a period of

180 days before the index date. We divided antipsychotic drugs into conventional and atypical.

Based on the division used by the Dutch Pharmacotherapeutic Guidelines and the British National

Formulary [11], clozapine, sulpiride, risperidone, olanzapine and sertindole were classified as

atypical; all other antipsychotics were classified as conventional. Conventional antipsychotics were

further subdivided according to potency (low vs. high potency) and duration of action (depot vs.

non-depot) (see table 2 for definitions). To evaluate a dose-response relationship, we converted the

prescribed daily dose at or closest to the index-date of each patient into chlorpromazine equivalents

(CPZeq), which were derived from the WHO dose recommendations [12]. Excluded from the dose

calculations were patients using any injectable formula of antipsychotics. Since meta-analysis

showed that conventional antipsychotics have no additional clinical effect at doses exceeding 375

mg chlorpromazine equivalents [13], standardized doses were stratified into <375 and ≥375

chlorpromazine equivalents.

Statistical analysis
To estimate the association between antipsychotic use and starting with antiparkinsonian therapy,

crude and adjusted odds ratios (OR) and their 95% confidence intervals (95% CI) were calculated

using unconditional logistic regression (SPSS for Windows, version 7.5.2). We assessed several

factors for a potential confounding effect, namely age, gender, index year, hospital department, use

of other psychoactive drugs (tricyclic antidepressants, benzodiazepines) and use of other drugs

associated with EPS [14]: calciumantagonists, selective serotonin reuptake inhibitors,

metoclopramide, anticonvulsants (valproic acid, phenytoin), lithium and methyldopa. Included in

the final logistic regression model were those factors that either caused a change of the crude odds

ratio of at least 10%, had an odds ratio of more than 1.5 or less than 0.67 for starting with

antiparkinsonian medication or were significantly associated with the use of antiparkinsonian

medication [15]. The resulting multivariate model was also used for all subgroup analyses. Doses

were compared using a Mann-Whitney U test.

RESULTS

From 1992 till 1997, the prescription-database contained dispensing records of a total of 1,403

patients. Of these, 44.0% (n=617) had used an anticholinergic antiparkinsonian drug at some time.

Five hundred and twelve patients had dispensing histories of less than 180 days, leaving 105
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patients who met our inclusion criteria. Controls were selected from the 786 patients who had never

used an anticholinergic drug. This yielded 330 control patients who had a dispensing history of at

least 180 days after random assignment of the index-date. Patient characteristics are summarized in

table 1. The mean age was comparable for cases and controls (50 and 52 years respectively).

Antipsychotics prescribed most often were zuclopenthixol and haloperidol, used by 14.0% (n=61)

and 11.0% (n=48), respectively.

In the half year preceding the index-date, 91.4% of the cases and 50.0% of the controls were

exposed to antipsychotics, which yielded crude and adjusted odds ratios of 10.7 (95% CI: 5.0-23.4)

and 10.1 (95% CI: 4.6-22.3) respectively (table 2). This risk seemed to be higher with high dose

than with low dose treatment (odds ratios: 9.9, 95% CI 3.5-27.5 vs. 6.2, 95% CI 2.8-15.0).

Most commonly used atypical antipsychotics were clozapine and risperidone, used by 5.7% (n=25)

and 5.1% (n=22) respectively. Both conventional and atypical antipsychotics had a significantly

increased risk of starting with anticholinergic drugs compared to patients who did not use

antipsychotics: 10.0 (95% CI: 4.4-22.5) and 8.0 (95% CI: 2.6-24.5) respectively (table 2). A direct

comparison showed an odds ratio of 0.7 for atypical versus conventional antipsychotics (95% CI:

0.3-1.8). Prescribed doses of conventional and atypical antipsychotics were not significantly

different (median: 150 vs. 213 CPZeq per day, respectively; P=0.19).

Table 1 Demographic characteristics of cases and controls

Characteristic Cases

(N=105)

Controls

(N=330)

Age (%)

<45 46 (43.8) 120 (36.4)

45-64 34 (32.4) 109 (33.0)

>65 25 (23.8) 101 (30.6)

Sex (%)

Male 44 (41.9) 142 (43.0)

Female 61 (58.1) 188 (57.0)

Index year (%)

1996-1997 45 (42.9) 271 (82.1)

1994-1995 60 (57.1) 59 (17.9)

Department (%)

Adult care 23 (21.9) 81 (24.5)

Long care 51 (48.6) 101 (30.6)

Elderly care 29 (27.6) 91 (27.6)

Other* 2 (1.9) 57 (17.3)

* recovery care, patients in stage of discharge or moving to another department
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Median absolute doses were 20.1 mg for zuclopenthixol (range 3.9 - 120), 6 mg for haloperidol

(range 0.5 – 22.1), 300 mg for clozapine (range 75 mg – 600 mg) and 3.0 mg for risperidone (range

1.0 mg – 8.0 mg). All of the most widely used conventional and atypical antipsychotics were

associated with an increased risk of starting with anticholinergic antiparkinsonian medication; not

Table 2 Exposure to antipsychotics among new users of antiparkinsonian medication (n=105) and

control patients (n=330)

Exposure category Cases/controls Crude OR

(95% CI)

Adjusted OR

(95% CI)*

any APD 96/165 10.7 (5.0-23.4) 10.1 (4.6-22.3)

conventional vs. atypical APD†

conventional APD 75/131 10.5 (4.9-23.4) 10.0 (4.4-22.5)

atypical APD 10/20 9.2 (3.0-28.4) 8.0 (2.6-24.5)

both conventional and atypical

APD

11/14 14.4 (4.6-46.4) 16.0 (4.9-52.1)

low potency vs. high potency

APD‡§

low potency APD 6/36 3.1 (0.8-10.3) 3.0 (0.9-10.3)

high potency APD 56/86 11.9 (5.4-27.3) 10.8 (4.7-25.1)

both low and high potency

APD

13/9 26.5 (8.0-91.5) 31.0 (8.9-108.1)

depot vs. non-depot APD‡¥

depot APD 16/16 18.3 (6.4-54.3) 10.9 (3.7-32.6)

non-depot APD 48/109 8.2 (3.7-18.8) 8.8 (3.8-20.4)

both depot and non-depot

APD

11/6 33.6 (8.9-135.4) 47.8 (11.5-197.9)

abbrevations: OR = odds ratio, CI = confidence interval, APD = antipsychotic drug

* model included age, gender, index-year, hospital department and use of anticonvulsants, benzodiazepines,

calciumantagonists and lithium in the 180 days preceding the index-date

† atypical antipsychotics include clozapine, risperidone, olanzapine, sertindole and sulpiride [11]

‡ depot vs. non-depot and low vs. high potency are subdivisions of conventional antipsychotics only

§ low potency antipsychotics are defined as drugs less than five times as potent as chlorpromazine and include

chlorpromazine, thioridazine, pipamperone, chlorprotixen, triflupromazine and levomepromazine. Potencies

were derived from a variety of published data [23-26]

¥ antipsychotics available as depot include bromperidol, flupenthixol, fluphenazine, fluspirilene, haloperidol,

perphenazine and zuclopenthixol
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taking into account depot-preparations, odds ratios were in close range: 9.7 (95% CI: 2.9-32.6) for

zuclopenthixol, 7.4 (95% CI: 1.7-33.2) for haloperidol, 7.2 (95% CI: 1.5-33.8) for clozapine and

11.7 (95% CI: 2.8-48.7) for risperidone.

Conventional antipsychotics were subdivided into high potency and low potency drugs. Users of

low potency antipsychotics had a lower risk than users of high potency drugs: 3.0 (95% CI: 0.9-

10.3) versus 10.8 (95% CI: 4.7-25.1) (table 2). A direct test showed an odds ratio of 0.2 for low

potency versus high potency antipsychotics (95% CI: 0.1-0.6). The prescribed dose of low potency

and high potency antipsychotics differed significantly (120 vs. 195 CPZeq; P=0.01). Depot and

non-depot preparations had adjusted odds ratios of 10.9 (95% CI: 3.7-32.6) and 8.8 (95% CI: 3.8-

20.4) respectively (table 2).

DISCUSSION

We found that in a psychiatric setting use of antipsychotic drugs is associated with a ten-fold

increased risk to develop EPS, independent of several potential risk factors. An earlier study among

outpatients showed a similar odds ratio of 8.5 for starting with anticholinergic antiparkinsonian

drugs [16], suggesting that the risk of EPS is independent of treatment setting. Furthermore, the risk

was dose-dependent, which has also been observed in previous studies [16, 17].

When comparing subgroups of antipsychotics, low potency agents showed a significantly lower risk

of starting with anticholinergic antiparkinsonian medication than the high potency ones. While this

may be explained by their intrinsic anticholinergic activity [18], it can also have resulted from the

lower dosing of low potency antipsychotics in the study population. Unfortunately, due to the

limited number of patients with available dose information, we were not able to compare

antipsychotic drugs within strata of equivalent dose.

In contrast with previous clinical trials, we observed no difference in risk between conventional and

atypical antipsychotics. This may be explained by a difference in dosing pattern. Meta-analysis

showed that conventional antipsychotics have no additional clinical effect at doses exceeding 375

mg chlorpromazine equivalents (comparable to approximately 8 mg haloperidol), with higher doses

only resulting in more side effects like EPS [13]. However, many trials have used 10-20 mg

haloperidol as comparison for atypical antipsychotics. Furthermore, in many cases these doses were

much higher than those of the atypical antipsychotic [3, 4, 19]. In contrast, in our study doses of

conventional antipsychotics were low and more equivalent to those of atypical drugs. With such

dose comparisons, differences in risk between these groups are expected to be much less

pronounced or even absent, as has been observed in previous studies [6-9].

However, an alternative explanation for the discrepancy between results from our study and

previous trials could be a bias in the first, in particular a difference in prognostic characteristics

between patients using conventional and atypical antipsychotics. Due to their claim of a reduced

risk of EPS, atypical antipsychotics may have especially been prescribed to patients who developed

EPS during previous antipsychotic drug treatment. Users of atypical antipsychotics then represent

patients with a predetermined increased risk of EPS, a phenomenon also known as confounding by
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indication [20] or confounding by prognosis [21, 22]. Unfortunately, we had no information on

patients’ treatment history prior to admission to the clinic, making it difficult to assess such

selective prescribing.

This study used prescriptions of anticholinergic antiparkinsonian medication to identify occurrences

of EPS. Although these drugs are unlikely to be prescribed for other reasons than EPS in patients

using antipsychotic drugs, this marker will not have identified all patients with EPS. First, this side

effect may have gone unnoticed by the treating physician. Second,  if correctly diagnosed, EPS may

also have been treated by reducing the dosage of the antipsychotic drug or by switching to another

antipsychotic. Thus, the occurrence of EPS may be underestimated. However, assuming the degree

of misclassification is similar between subgroups of antipsychotics, the main results of our study

will not be influenced.

In conclusion, this study showed that the beneficial effect of atypical antipsychotics found in

randomized clinical trials may not be observed in clinical practice. Future study will have to assess

whether this discrepancy is explained by differences in prognostic factors, dosing or some other

factor. Clearly, the occurrence of EPS with atypical antipsychotics in clinical practice needs further

study.
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ABSTRACT

Aim To compare the risk of extrapyramidal syndromes (EPS) between patients using risperidone

and those using low potency conventional antipsychotic drugs (APDs) in clinical practice, as

measured by the use of anticholinergic medication. Second, we tried to replicate results from

previous clinical trials that compared risperidone with high potency APDs.

Method Data was obtained from the PHARMO-database containing filled prescriptions of 450.000

community-dwelling people in the Netherlands from 1986 through 1998. From the patients aged 15-

54 who were newly treated with APDs, we defined mutually exclusive cohorts according to the

APD first prescribed to a patient. APD exposure was followed until the first prescription of

anticholinergic medication and was censored when APD prescribing was interrupted or switched.

We estimated relative risks between risperidone and commonly used low potency and high potency

APDs using Cox proportional hazards models, adjusting for age, gender, dose and other potential

confounders.

Results In 4,094 patients who were newly prescribed antipsychotic drugs, the overall incidence rate

of anticholinergic drug therapy was 556 per 1,000 person-years, which was dose dependent.

Prescribed doses of all antipsychotics were low. While in accordance with previous trials

risperidone showed a lower risk of EPS compared to the high potency APDs such as haloperidol

(RR 0.26; 95% CI 0.10-0.64), we did not observe a lower EPS rate compared to low potency APDs

(risperidone vs. thioridazine: RR 1.73; 95% CI 0.49-6.13; risperidone vs. pipamperone: RR 2.50;

95% CI 0.78-8.04).

Conclusion The reduced EPS rates observed when comparing risperidone with high potency

antipsychotics like haloperidol may not apply to comparisons with low potency drugs.
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INTRODUCTION

Extrapyramidal syndromes (EPS, i.e. parkinsonism, dystonia, akathisia and dyskinesia) is a group

of movement disorders often seen as side effect of antipsychotic drugs (APDs). EPS can adversely

affect a patient’s well-being, compliance to treatment and as a result treatment outcome [1].

Atypical antipsychotics are a new generation of antipsychotic drugs known to have a lower

tendency to cause EPS than the older generation of APDs. One of the most widely studied atypical

antipsychotics is risperidone. Many clinical trials showed that patients treated with risperidone have

a reduced frequency of EPS and anticholinergic drug use compared to those using high potency

conventional antipsychotic drugs [2]. However, in non-elderly patients risperidone has not yet been

compared with low potency antipsychotics, known to have a lower EPS liability than high potency

drugs [3]. Most widely prescribed low potency APDs in the Netherlands include thioridazine and

pipamperone (available in a limited number of European countries), where they accounted for

nearly 30% of all antipsychotic drug prescriptions in outpatient practice in 1998 [4]. Thus, it is

relevant to know how risperidone relates to this group of antipsychotic drugs in terms of EPS.

We conducted a study which aim was to compare the risk of extrapyramidal syndromes between

patients prescribed risperidone and those receiving low potency conventional antipsychotic drugs in

outpatient clinical practice, using anticholinergic medication as a marker for the occurrence of EPS.

To assess the validity of the study method, we also tried to replicate the findings from previous

clinical trials comparing risperidone with high potency APDs.

METHOD

Setting
Data were obtained from the PHARMO system, a database that includes information of

drug-dispensing records for all 450.000 residents of 11 Dutch cities. The computerized

drug-dispensing records are obtained from outpatient pharmacy files. Since virtually all patients in

the Netherlands designate a single pharmacy to fill prescriptions from GPs or medical specialists,

the PHARMO system provides a complete record of the prescription history of outpatients. In the

Netherlands, prescription records are a reliable source for drug exposure measurement [5]. For

every dispensed prescription drug the database contains information on the sex and date of birth of

the patient, the dispensed drug, prescriber, dispensing date, amount dispensed and the prescribed

dose regimen. All patients and prescribers in the database are anonymous. The duration of use of

each dispensed drug is estimated by dividing the number of dispensed tablets by the prescribed

number of tablets to be used per day. Thus, for each patient in the system drug exposure can be

ascertained on a day-to-day basis [6]. The PHARMO database has previously been used to study

various types of drug-induced morbidity [7, 8]. For this study we used all available data from

January 1, 1986 till June 30, 1998.

Patients
We defined a cohort of patients aged 15-54 who were prescribed an oral antipsychotic drug for the

first time since their enrollment in the PHARMO system. Excluded were: a) patients enrolled in the

PHARMO system for less than one year prior to the initial APD prescription, b) patients already
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using anticholinergic drugs before the day of cohort entry, c) patients receiving more than one APD

at cohort entry, and d) patients who used APDs for less than 15 days. Follow-up was censored when

a patient’s exposure to antipsychotic drugs was interrupted for more than 30 days, when a patient

switched to other antipsychotic treatment or after 90 days of follow-up, whichever of these came

first. The selection procedure resulted in mutually exclusive cohorts of newly treated patients for

each individual antipsychotic drug. In this study we focussed on patients who were initiated on

risperidone, the low potency drugs thioridazine, pipamperone or chlorpromazine or on one of the

high potency APDs previously studied in clinical trials, namely haloperidol, zuclopenthixol and

perphenazine.

Previous trials comparing risperidone with haloperidol found a relative risk of 0.54 for starting with

anticholinergic medication [2]. Sample size calculation showed that we needed to include at least 70

patients using risperidone and the same number of patients using a conventional APD to detect such

a relative risk in our study with 80% power, given a type I error probability of 0.05.

Outcome definition
The outcome of the study was first use of any drug indicated for treatment of drug-induced

extrapyramidal syndromes, which was taken as a measure for the occurrence of EPS. These

included the anticholinergic drugs benzatropine, biperiden, dexetimide, orphenadrine, procyclidine

and trihexyphenidyl. The risk for developing extrapyramidal syndromes was considered to be

instantaneous, meaning that new use of anticholinergic medication was assessed from day 1 after

initiation of antipsychotic-treatment till the end of follow-up. Patients who started the antipsychotic

and anticholinergic drugs on the same day were excluded because such prescribing practice is likely

to represent prophylactic use.

Statistical analysis
For each antipsychotic in the study, we calculated the incidence rate of anticholinergic medication

by dividing the total number of events by the total number of exposed person-time. We evaluated

the effect of dose for all antipsychotics taken together by calculating the incidence rate in separate

dose strata. For each patient the mean daily dose during follow-up was expressed in chlorpromazine

equivalents. This was done by multiplying the ratio of the mean daily dose and the defined daily

dose (DDD) of the prescribed drug by the defined daily dose of chlorpromazine. One DDD, a

technical unit for measurement and comparison of drug use defined by the World Health

Organization, also equals the recommended adult daily dose of antipsychotic drugs in the

Netherlands [9, 10].

We calculated crude and adjusted relative risks (RR) and 95% confidence intervals (95% CI) of

starting with anticholinergic medication for risperidone compared to the different conventional

APDs using a Cox proportional hazards model. All multivariate Cox models included age at cohort

entry, gender, calendar year of cohort entry and prescriber (general practitioner, psychiatrist or

other) as covariates, as well as terms for the use of benzodiazepines, lithium, tricyclic

antidepressants and selective serotonin reuptake inhibitors in the 30 days prior to cohort entry or

during follow-up. Furthermore, to control for possible differences in dosing between antipsychotic

drugs, we adjusted for mean prescribed dose during follow-up, expressed in chlorpromazine
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equivalents.

RESULTS

We identified 4,094 patients who met all the inclusion criteria of our study. Sixty-six percent of

them started with one of the seven antipsychotic drugs under study. Characteristics of the treatment

groups are presented in table 1. Patients treated with risperidone were younger and were more often

treated by a psychiatrist than patients receiving other APDs. Prescribed doses of all antipsychotics

were considerably lower than their defined daily dose (DDD). Median prescribed dose of

risperidone was 99 chlorpromazine equivalents (2.0 mg), which was higher than that of other APDs

we studied (table 1). Nevertheless, since the cohorts of conventional APDs were relatively large, for

all conventional drugs but chlorpromazine there were at least as many patients prescribed more than

100 chlorpromazine-equivalents per day as in the risperidone group.

Table 1 Characteristics of antipsychotic drugs and their users

Daily Dose, medianExposure Market

share (%)†

Class‡ Patients

(No.)

Mean

age

Men

(%)

Treated by

psychiatrist

(%)

mg/day CPZeq/day¶

Any APD* 100 - 4,094 36 45.9 29.3 - -

Risperidone 7.6 A 77 31 48.1 58.4 2.0 99

Haloperidol 14.1 H 744 37§ 44.6 10.3§ 2.2 84§

Zuclopenthixol 10.8 H 353 37§ 41.6 42.5§ 6.0 60§

Perphenazine 4.1 H 343 38§ 43.1 35.5§ 5.3 66§

Thioridazine 9.2 L 625 36§ 40.0 29.6§ 48.0 48§

Pipamperone 17.2 L 498 35§ 53.6 45.0§ 40.0 60§

Chlorpromazine 0.4 L 61 41§ 68.9§ 1.6§ 63.0 63§

Other APDs 36.6 - 1,393 36§ 47.2 28.5§ - -

* Abbreviations: N = number of patients; APD = antipsychotic drug

† Market share, as estimated from prescriptions filled in outpatient pharmacies in 1998 in the catchment area

of the PHARMO system, standardized to the Dutch population in 1998 on age and sex [4]

‡ Classification of antipsychtotics: H = high potency, L = low potency, A = atypical

¶ Chlorpromazine equivalents per day

§ p<0.05, compared to risperidone (Student’s t-test for continuous data, Chi-square test for categorical data)
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We observed 284 patients who received anticholinergic medication during follow-up, which yielded

an overall incidence rate of 556 per 1,000 person-years. The incidence rate was highest in the age-

group 20-24 years (1,287 per 1,000 person years) and steadily decreased thereafter,

until 328 per 1,000 person-years in the agegroup 50-54 years. Women had a lower risk for receiving

anticholinergic medication than men (adjusted RR 0.74; 95% CI 0.58-0.93). The incidence rate

showed a steady increase with increasing dose (figure 1), which was also observed for individual

antipsychotics (data not shown). We observed no difference in the risk of anticholinergic

medication between patients treated by psychiatrists and those treated by GPs (adjusted RR 1.20;

95% CI 0.89-1.62).

The Cox proportional hazards model showed that there was no difference in the risk of receiving

anticholinergic medication between patients using risperidone and those using the low potency

antipsychotics thioridazine or pipamperone (table 2). The number of patients using chlorpromazine

was too small to estimate a relative risk. With respect to the high potency APDs, we observed that

risperidone gave lower EPS rates compared to haloperidol and zuclopenthixol, though the latter was

not statistically significant. Risperidone had a similar EPS rate compared to perphenazine. All these

relative risk estimates were similar when we restricted the analysis to patients treated by

psychiatrists (data not shown).

Figure 1 Association between antipsychotic dose (expressed in chlorpromazine equivalents) and

the incidence rate of anticholinergic medication in all 4,094 outpatient first-time antipsychotic users
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Table 2 Incidence rates and relative risk estimates of anticholinergic medication for risperidone

compared to conventional antipsychotic drugs

Exposure Person-

time

(years)

Events†

(No.)

Incidence/

1,000 py.

Crude relative

risk (95% CI)‡

Adjusted relative risk

(95% CI)‡ §

Risperidone 10.1 6 593.5 - -

• vs. haloperidol 68.7 107 1,557.3 0.44 (0.20-1.01) 0.26 (0.10-0.64)

• vs. zuclopenthixol 40.0 51 1,275.0 0.49 (0.21-1.13) 0.43 (0.17-1.09)

• vs. perphenazine 48.1 14 291.3 1.92 (0.74-5.01) 0.91 (0.21-3.93)

• vs. thioridazine 81.8 15 183.4 3.12 (1.21-8.04) 1.73 (0.49-6.13)

• vs. pipamperone 76.3 10 131.0 4.25 (1.54-11.72) 2.50 (0.78-8.04)

• vs. chlorpromazine 4.4 1 225.7 2.97 (0.35-24.97) -

† Event of extrapyramidal syndromes, as defined by the first prescribing of anticholinergic medication

‡ Calculated using a Cox proportional hazards model

§ Adjusted for age, sex, year of cohort entry, prescriber (general practitioner, psychiatrist or other), use of

benzodiazepines, lithium, tricyclic antidepressants and selective serotonin reuptake inhibitors in the 30 days

prior to cohort entry or during follow-up and mean dose during follow-up, expressed in chlorpromazine

equivalents

Instead of adding an anticholinergic drug, in practice the occurrence of EPS may also be followed

by changing the antipsychotic drug. Switching of antipsychotic medication during follow-up

occurred in 7.8% of the patients in the total cohort. Except for chlorpromazine, relative risks did not

substantially change when both switching of antipsychotic drug and the addition of anticholinergic

medication was considered a marker for EPS.

DISCUSSION

We found no difference in anticholinergic drug use between patients prescribed risperidone and

patients using the low potency APDs thioridazine and pipamperone. In contrast, we and others

observed a reduced need for anticholinergic medication with risperidone compared to the high

potency APDs haloperidol and zuclopenthixol. The number of patients prescribed chlorpromazine

was too small to draw any conclusions.

Antipsychotic-induced anticholinergic medication was lower among older people and women,

which was also found in previous observational studies [11, 12]. Since age and gender were

adjusted for in the multivariate model, these factors could not explain any of the observed relative

risks of risperidone versus other APDs. Unfortunately, we had no information on psychiatric
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diagnosis or disease severity of our study population. However, previous studies found that in

patients with mild impairment, the severity of psychopathology as such is not associated with the

risk of extrapyramidal syndromes [13, 14]. Although disease severity may affect antipsychotic

dosing and thus indirectly influence EPS rates, dosing was adjusted for in the analysis. Despite the

dosing differences between conventional APDs and risperidone, there was still a sufficient number

of patients prescribed conventional drugs in the higher dose range to allow for these dose

adjustments. Thus, any differences in severity of psychopathology between patients using different

APDs are unlikely to have biased the results of our study.

The study outcome was a first prescription of anticholinergic medication, which was used to

classify absence or presence of extrapyramidal syndromes. Although anticholinergic drugs are

unlikely to be prescribed for other reasons than EPS in a non-elderly population using antipsychotic

drugs, this marker will not have identified all patients with EPS. First, symptoms of EPS may have

gone unnoticed by the treating physician. Second,  if correctly diagnosed, EPS may also have been

treated by reducing the dosage of the antipsychotic drug or by switching to another APD. Relative

risk estimates may have been biased when this underestimation of EPS occurrence differs between

different antipsychotics. Difference in assessment, diagnosis or treatment of EPS may especially

result from the observed difference in type of prescriber between risperidone and other APDs.

However, our data showed similar degrees of anticholinergic drug prescribing between psychiatrists

and GPs. Furthermore, main results of our study did not change when switching of antipsychotic

medication was taken as a marker for EPS. While these observations argue against such a bias, it

can not be completely ruled out.

Our results may also have been influenced by treatment noncompliance, which is known to be

substantial with antipsychotic medication [15]. Apart from EPS, other side effects of APD treatment

such as sedation, weight gain or sexual dysfunction may also contribute to noncompliance. As a

result, the frequency of EPS in our study would most likely have been higher if all APD medication

had been taken as prescribed. However, since we have no information on the relative frequency of

side effects of risperidone versus low potency APDs, it is difficult to speculate on their effect on our

study results and we can not exclude any differences in noncompliance.

How generalizable are our findings to other treatment settings? Our study population is

characterized by outpatient treatment with low doses of antipsychotic drugs, suggesting that patients

had only mild psychopathology. In many other settings however dosing is likely to be higher,

especially when patients are more severely ill. Based on its pharmacological properties, Kapur and

Remington argued that risperidone’s superiority in terms of EPS diminishes as dosing increases

[16]. Consistent with the higher doses of APDs, clinical trials comparing risperidone with

haloperidol showed less favourable relative risks of EPS than our study (RR 0.54, 95% CI 0.42-0.70

[2]). However, trials of risperidone versus zuclopenthixol and perphenazine gave results

comparable to our findings (RR 0.52, 95% CI 0.30-0.89 [17] and 0.83, 95% CI 0.47-1.49 [18],

respectively). We are aware of only one study that compared risperidone with low potency APDs.

In line with the presumed association between dosing and relative EPS liability, low dose

risperidone (1 mg/day) showed a trend towards a lower EPS rate compared to thioridazine in a
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retrospective study among demented elderly patients [19]. Taken together, in settings where dosing

is higher than in our study, relative risk estimates for risperidone are likely to be similar or less

favourable than those we observed, both compared to low and high potency APDs.

Concern about extrapyramidal syndromes is an important aspect in choosing between different

antipsychotic drugs, considering its possible impact on compliance and treatment outcome. Recent

guidelines for treatment of schizophrenia recommend atypical antipsychotics when avoidance of

EPS is an important treatment goal [20]. Our study suggests that low potency conventional APDs

may also be prescribed for this purpose in non-elderly patients. Given the low costs of these drugs,

this is a relevant expansion. With regard to future research, our findings indicate that results from

studies with high potency drugs like haloperidol not necessarily apply to all conventional APDs.

Thus, complete assessment of the added value of new antipsychotic drugs over the existing arsenal

of low cost conventional APDs requires comparative studies with both high and low potency

antipsychotic drugs.
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ABSTRACT

Aim To compare the risk of extrapyramidal syndromes (EPS) between risperidone, olanzapine and

haloperidol, taking into account patients’ past antipsychotic drug use and past  EPS.

Method Data was obtained from the PHARMO-database, containing filled prescriptions of 450.000

community-dwelling people in the Netherlands from 1986 through 1999. We defined cohorts of

first-time users of haloperidol, risperidone or olanzapine aged 15-54. In the first 90 days of

treatment, we assessed the occurrence of EPS, defined as first use of any antiparkinsonian agent.

We estimated relative risks of EPS for risperidone and olanzapine versus haloperidol using a Cox

proportional hazards model. Patients were subdivided according to prior use of antipsychotic and

antiparkinsonian drugs.

Results We identified 424 patients starting with haloperidol, 243 with risperidone and 181 with

olanzapine. Prior use of antipsychotic plus antiparkinsonian medication was significantly more

frequent among users of risperidone and olanzapine than in those using haloperidol (36.2%, 40.3%

and 4.5%, respectively; P<0.001). Within most subgroups of comparable treatment history, both

users of risperidone and olanzapine showed reduced risks of EPS compared to haloperidol, though

some did not reach statistical significance (relative risks between 0.03 and 0.22). However, this was

not observed for risperidone users who had experienced EPS in the past (RR: 1.30; 95% CI: 0.24-

7.18).

Conclusion In general, we observed strongly reduced risks of EPS for risperidone and olanzapine

compared to haloperidol within subgroups of relevant disease history. However, the added value of

risperidone in patients who have experienced EPS in the past needs further study.
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INTRODUCTION

One of the most important side effects of conventional antipsychotic drugs (APDs) are the

extrapyramidal syndromes (EPS), a group of movement disorders that include parkinsonism,

akathisia, dystonia and tardive dyskinesia. Although these symptoms were initially thought to be a

prerequisite for the therapeutic effect of antipsychotic drugs, this view was radically altered with the

introduction of clozapine in the 1960’s. This drug combines an increased antipsychotic efficacy

with a very low risk of neurological side effects and for this reason was called “atypical” [1]. Based

on these observations, several other “atypical” antipsychotics have been developed and marketed in

recent years. Of these, risperidone and olanzapine are currently the most widely used. Recent meta-

analysis of randomized clinical trials indicated that while atypical APDs may not be more

efficacious than conventional drugs, they do show fewer extrapyramidal side effects [2].

A general limitation of randomized trials is that patients and treatment methods may differ largely

from those seen in clinical practice, making generalization of results difficult. Trials comparing

atypical APDs with conventional drugs generally included chronically ill hospitalized schizophrenic

patients. In contrast, in clinical practice users of APDs are much more heterogeneous and include

patients who are less severely ill, are treated in an outpatient setting and receive APDs in other

doses than those applied in clinical trials [3]. Thus, results from trials need to be confirmed in the

everyday clinical setting using observational studies. However, a traditional concern with

observational studies regards their potential bias due to the nonrandomized treatment assignment. In

the first few years of marketing, new drugs are apt to be prescribed to patients who do not tolerate

or who do not respond adequately to older drugs labelled for the same indication [4]. Thus, atypical

APDs are likely to be selectively prescribed to patients with an overt susceptibility for EPS, i.e.

those who developed EPS during previous treatment with APDs. When comparing the risk of EPS

between atypical and classical APDs in observational studies, such imbalance in prognostic factors

needs to be accounted for. In previous observational studies regarding antipsychotic-induced EPS

this issue was either not addressed [5] or circumvented by limiting the study to newly treated

patients [6].

We performed a study to compare the risk of extrapyramidal syndromes between patients using

risperidone or olanzapine and those using haloperidol in clinical practice. To account for possible

selective precribing of atypical antipsychotics to patients more susceptible for EPS, patients were

stratified according to their prior use of antipsychotic drugs and prior EPS.

METHOD

Setting
Data were obtained from the PHARMO system, a database that includes information of

drug-dispensing records for all 450.000 residents of 11 Dutch cities. The computerized

drug-dispensing records are obtained from outpatient pharmacy files. Since virtually all patients in

the Netherlands designate a single pharmacy to fill prescriptions from GPs or medical specialists,

the PHARMO system provides a complete record of the prescription history of outpatients. For

every dispensed prescription drug the database contains information on the sex and date of birth of
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the patient, the dispensed drug, prescriber, dispensing date, amount dispensed and the prescribed

dose regimen. The duration of use of each dispensed drug is estimated by dividing the number of

dispensed tablets by the prescribed number of tablets to be used per day. Thus, for each patient in

the system drug exposure can be ascertained on a day-to-day basis [7]. The PHARMO database has

previously been used to study various types of drug-induced morbidity [8, 9], including EPS [10].

For this study we used all available data from January 1, 1986 till June 30, 1999.

Patients
We defined a cohort of patients aged 15-54 who received oral haloperidol, risperidone or

olanzapine for the first time ever according to their drug-dispensing records (i.e. “new users”). We

only included patients whose first use of haloperidol, risperidone or olanzapine was in the period

January 1st, 1994 till June 30th, 1999. Due to switching of antipsychotic medication, one patient

could be a new user of more than one of the studied antipsychotic drugs. Excluded were patients

who were enrolled in the PHARMO database for less than three years prior to their first use of the

study drug and patients who filled prescriptions for more than one antipsychotic drug at cohort

entry. Follow-up was censored when a patient stopped antipsychotic medication for more than 60

days, when a patient switched to other antipsychotic medication or after 90 days of follow-up.

Outcome definition
The outcome of the study was first use of any drug indicated for treatment of drug-induced

extrapyramidal syndromes, which was taken as a measure for the occurrence of EPS. These

included the anticholinergic antiparkinsonian drugs benzatropine, biperiden, dexetimide,

orphenadrine, procyclidine and trihexyphenidyl. The risk for developing extrapyramidal syndromes

was considered to be instantaneous, meaning that new use of antiparkinsonian medication was

assessed from day 1 after initiation of antipsychotic-treatment till the end of follow-up. Patients who

started the antipsychotic and antiparkinsonian drugs on the same day were excluded because such

prescribing practice represents prophylactic use of antiparkinsonian medication.

Statistical analysis
Crude and adjusted relative risks of EPS for risperidone and olanzapine were calculated using a Cox

proportional hazards model, taking users of haloperidol as the reference group. All multivariate Cox

models included age at cohort entry, gender, year of cohort entry and prescriber (general

practitioner, psychiatrist or other/unknown) as covariates, as well as terms for the use of

benzodiazepines, lithium, tricyclic antidepressants and selective serotonin reuptake inhibitors

during follow-up. Furthermore, to control for possible differences in dosing between antipsychotic

drugs, we adjusted for mean prescribed dose during follow-up, expressed in chlorpromazine

equivalents. Chlorpromazine equivalents were calculated by multiplying the ratio of the mean

prescribed daily dose and the recommended daily dose of the prescribed drug by the recommended

dose of chlorpromazine. Recommended doses of antipsychotic drugs were adopted from the World

Health Organization (WHO) [11].

We assessed possible differences in susceptibility for EPS between users of haloperidol, risperidone

and olanzapine by comparing their prior use of antipsychotic and antiparkinsonian drugs. We

distinguished three strata of increasing complexity of prior antipsychotic drug use: 1) patients with
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no history of antipsychotic drug use in the three years prior to cohort entry, 2) patients with a

history of antipsychotic drug use, but with no use of antiparkinsonian medication in this three year

period, and 3) patients who had used both antipsychotic and antiparkinsonian medication in the

three years prior to cohort entry. For convenience, we shall refer to these strata as “no complexity”,

“intermediate complexity” and “severe complexity” respectively. To account for differences in

susceptibility for EPS between patients using different APDs, we calculated relative risks of EPS

within each of these strata of complexity. Among patients with severe complexity, residual

imbalance in EPS susceptibility was adjusted for by adding an additional term to the multivariate

Cox model representing the number of prescriptions for antiparkinsonian drugs in the three years

prior to cohort entry. Furthermore, among patients with a history of APD use (intermediate and

severe complexity strata) we also adjusted for whether or not patients were free from APDs on the

day before cohort entry. Continuous data were compared using a Student’s t-test; a Chi-square test

was used to compare categorical data.

RESULTS

We identified 424 patients who started for the first time with haloperidol and met all the inclusion

criteria of our study, 243 who started with risperidone and 181 who started with olanzapine. Table 1

shows characteristics regarding their demographics and medication. Especially for haloperidol and

risperidone, the prescribed daily dose was lower than recommended by WHO and the Dutch

Pharmacotherapeutic Guidelines. Patients receiving haloperidol were generally treated by a general

practitioner, while patients using risperidone or olanzapine were more often treated by a

psychiatrist. Sixty-seven patients were a new user of more than one of the studied antipsychotic

drugs and contributed to more than one of the cohorts. Most of them first used haloperidol (59.7%).

Patients using risperidone or olanzapine had a significantly higher frequency of prior use of

antipsychotic drugs (i.e. intermediate and severe complexity) than patients using haloperidol (table

1). However, while the portion of antipsychotic-naïve patients (i.e. those with “no complexity”)

remained more or less constant over time among haloperidol users (1994: 74.0%; 1996: 64.7%;

1999: 82.9%), it increased steadily in patients using risperidone (1994: 0.0%; 1996; 19.2%; 1999:

55.6%) and olanzapine (1996: 0.0%; 1999: 25.0%). For those who had a history of APD use, the

median time between cohort entry and the most recent previous APD prescription was 48 days.

Based on the estimated duration of use of this most recent prescription, we inferred that on average

40.9% of these patients were exposed to an antipsychotic drug on the day before cohort entry. This

number was lower for patients starting with haloperidol (28.0%) than for those using risperidone

(48.1%, P=0.002) or olanzapine (41.0%; P=0.060). Among patients with severe complexity, those

using risperidone or olanzapine had received significantly more prescriptions of antiparkinsonian

drugs in the three years prior to cohort entry than those using haloperidol (on average 12, 11 and 5

prescriptions for users of risperidone, olanzapine and haloperidol, respectively; P<0.05). Except for

haloperidol, patients with severe complexity tended to receive higher doses of antipsychotic drugs

(2.3, 2.0 and 2.2 mg haloperidol; 2.0, 2.0 and 3.0 mg risperidone; 7.5, 8.7 and 9.9 mg olanzapine for

patients with no, intermediate and severe complexity, respectively). In addition, they tended to be

treated more often by a psychiatrist and more often receive concurrent lithium treatment (data not
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Table 1 Characteristics of users of haloperidol, risperidone and olanzapine

Haloperidol

 (N=424)a

Risperidone

 (N=243)

Olanzapine

 (N=181)

Age, mean 37 34b 35b

Gender (%)

• male 195 (46.0) 114 (46.9) 96 (53.0)

• female 229 (54.0) 129 (53.1) 85 (47.0)

Duration of follow-up, mean (days) 32 54b 64b

Precribed dose c, median

(recommended dose d; mg/day)

2.2 (8.0) 2.0 (6.0) 9.0 (10.0)

Prescriber (%)

• general practitioner 308 (72.6) 38 (15.6) b 21 (11.6) b

• psychiatrist 44 (10.4) 160 (65.8) b 130 (71.8) b

• other or unknown 72 (17.0) 45 (18.5) 30 (16.6)

Concurrent medication use (%)

• benzodiazepines 240 (56.6) 125 (51.4) 95 (52.5)

• antidepressants, TCAs 38 (9.0) 28 (11.5) 30 (16.6) b

• antidepressants, SSRIs 57 (13.4) 48 (19.8) b 34 (18.8)

• lithium 8 (1.9) 18 (7.4) b 12 (6.6) b

Complexity of prior antipsychotic drug use (%) e

• no complexity 331 (78.1) 81 (33.3) b 47 (26.0) b

• intermediate complexity 74 (17.5) 74 (30.5) b 61 (33.7) b

• severe complexity 19 (4.5) 88 (36.2) b 73 (40.3) b

a Reference group
b P<0.05, compared to the reference group (Student’s t-test for continuous data, Chi-square test for categorical

data)
c Mean prescribed dose of antipsychotic drug treatment during follow-up
d Recommended dose for treatment of psychosis, according to the World Health Organization and the Dutch

Pharmacotherapeutic guidelines [11, 25]
e no complexity = no prior antipsychotic drug use in the three year period prior to cohort entry; intermediate

complexity = prior antipsychotic drug use without prior antiparkinsonian drug use in the three year period prior to

cohort entry; severe complexity = prior antipsychotic drug use and prior antiparkinsonian drug use in the three

year period prior to cohort entry
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Table 2 Percentage of patients starting with antiparkinsonian medication and adjusted relative

risk of starting with antiparkinsonian medication for risperidone and olanzapine compared to

haloperidol, stratified according to complexity of prior antipsychotic drug use

Complexity of prior

APD use a
Haloperidol b Risperidone Olanzapine

events

 (%)

relative

risk

events

(%)

relative risk c events

(%)

relative risk c

all patients 56

(13.2)

1.0 29

 (11.9)

0.57 (0.31-1.04) 9

(5.0)

0.19 (0.08-0.48)

• no complexity 42

(12.7)

1.0 4

 (4.9)

0.22 (0.06-0.77) 2

(4.3)

0.22 (0.04-1.14)

• intermediate

complexity

12

(16.2)

1.0 5

 (6.7)

0.20 (0.05-0.72) 1

(1.6)

0.03 (0.00-0.42)

• severe

complexity

2

(10.5)

1.0 20

(22.7)

1.30 (0.24-7.18) 6

(8.2)

0.14 (0.02-1.15)d

abbrevations: APD = antipsychotic drug
a no complexity = no prior antipsychotic drug use; intermediate complexity = prior antipsychotic drug use without

prior antiparkinsonian drug use; severe complexity = prior antipsychotic drug use and prior antiparkinsonian drug

use, in the three year period prior to cohort entry
b Reference group
c Calculated using a Cox proportional hazards model, adjusted for age, gender, year of cohort entry, prescriber,

concurrent use of benzodiazepines, lithium, tricyclic antidepressants and selective serotonin reuptake inhibitors,

mean antipsychotic dose during follow-up, whether or not patients were free from APD use immediately before

precribing of the study drug (intermediate and severe complexity strata only) and number of prescriptions for

antiparkinsonian drugs prior to cohort entry (severe complexity stratum only)
d Because of the small number of events in this comparison, the adjusted Cox model was reduced to include

only terms for age, gender, mean antipsychotic dose during follow-up, whether or not patients were free from

APD use immediately before precribing of the study drug and number of prescriptions for antiparkinsonian drugs

prior to cohort entry

shown).

After cohort entry, antiparkinsonian medication was started in 13.2% of the patients using

haloperidol, 11.9% of the patients using risperidone and 5.0% of those using olanzapine. This
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yielded an adjusted relative risk of 0.57 (95% CI: 0.31-1.04) for risperidone and 0.19 (95% CI:

0.08-0.48) for olanzapine compared to haloperidol (table 2). We then stratified patients according to

their complexity of prior antipsychotic drug use. For patients using risperidone, we observed

significantly reduced risks of EPS compared to haloperidol among those with no and those with

intermediate complexity of prior antipsychotic drug use. However, risperidone showed a slight but

non-significant increase in risk among patients with severe complexity. Patients receiving

olanzapine had a reduced risk of EPS in all three strata, although in the no complexity and severe

complexity subgroup this reduced risk did not reach statistical significance. We observed no

difference in the degree of anticholinergic drug use between patients treated by psychiatrists and

those treated by GPs in the study population (adjusted RR 1.30; 95% CI 0.71-2.39).

DISCUSSION
Not taking into account any differences in prior medication use between patients, we found that

those prescribed risperidone or olanzapine had a lower risk of extrapyramidal syndromes than

patients receiving haloperidol. We also found that users of these atypical antipsychotic drugs more

often had a history of antipsychotic and antiparkinsonian drug use than patients prescribed

haloperidol. This indicates that atypical drugs are selectively prescibed to patients who had EPS in

the past and thus are likely to be susceptible for future EPS [12]. We subsequently accounted for

this difference in susceptibility by stratifying patients according to their prior use of antipsychotic

and antiparkinsonian drugs. With the exception of risperidone-users who have a history of both

antipsychotic and antiparkinsonian drug use, we observed reduced risks of antiparkinsonian drug

use for the atypical APDs in each of these strata. These relative risks were similar or somewhat

lower than those found in previous randomized controlled trials. Meta-analyses of these trials

showed relative risks of antiparkinsonian drug use of 0.47 (95% CI 0.38-0.59) for risperidone [3]

and 0.17 (95% CI 0.14-0.21) for olanzapine [13] compared to conventional APDs.

Among patients with a history of both antipsychotic and antiparkinsonian medication we found no

difference in antiparkinsonian drug use between users of risperidone and haloperidol. A similar

result was observed in a previous randomized controlled study among patients who had disturbing

EPS during prior neuroleptic treatment [14]. The absence of such a reduced risk for risperidone in

our study may have several explanations. First, it may be related to dosing. While antipsychotic-

induced extrapyramidal syndromes are caused by blockade of central dopamine D2 receptors,

risperidone also antagonizes 5-HT2 receptors [15]. This can counterbalance the antidopaminergic

effect by disinhibition of the dopamine system. However, this compensatory mechanism is thought

to diminish as dosing increases [16]. Indeed, we observed that patients in the severe complexity

stratum received higher doses of risperidone than those in the other strata (3.0 mg vs. 2.0 mg per

day). Second, the absence of a reduced risk may also be explained by an underlying pathology.

Patients who have experienced EPS in the past are likely to have an inherent susceptibility [12]

which is thought to result from a preexisting nigrostriatal dopamine deficiency, i.e. preclinical

Parkinson’s disease [17, 18]. Possibly, risperidones 5-HT2 antagonism can not compensate for D2

blockade in patients with an already impaired dopaminergic function. Contrary to risperidone,

olanzapine did show a reduced prescribing of antiparkinsonian medication among “severe
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complexity” patients. This may be explained by their different pharmacological profiles. In addition

to 5-HT2 antagonism, olanzapine also blocks muscarinic receptors [19], which is known to reduce

EPS liability [20].

Notwithstanding these biological explanations, we must also consider non-causal explanations. In

light of the limited number of patients, the absence of a reduced risk among those with a history of

both antipsychotic and antiparkinsonian drug use may be due to random error. Furthermore, results

may have been affected by misclassification of the study outcome or by uncontrolled confounding.

We used prescriptions of anticholinergic antiparkinsonian medication to identify events of

extrapyramidal syndromes in our study population. Although anticholinergic drugs are unlikely to

be prescribed for other reasons than EPS in a non-elderly population using antipsychotic drugs, this

marker will not have identified all patients with EPS. First, symptoms of EPS may have gone

unnoticed by the treating physician. Second,  if correctly diagnosed, EPS may also have been

treated by reducing the dosage of the antipsychotic drug or by switching to another APD. Relative

risk estimates may have been biased when this underestimation of EPS occurrence differs between

different antipsychotics. Difference in assessment, diagnosis or treatment of EPS may especially

result from the observed difference in type of prescriber between atypical APDs and haloperidol.

However, we observed similar degrees of anticholinergic drug prescribing between psychiatrists

and GPs. Furthermore, main results of our study did not change when switching of antipsychotic

medication was taken as a marker for EPS (data not shown). These observations argue against such

a bias.

In our study the recency of prior use of antipsychotic drugs varied between patients. According to

the prescription data, a substantial number of patients were exposed to antipsychotic drugs on the

day before starting with haloperidol, risperidone or olanzapine. Such an acute switch from one APD

to another can cause several problems in assessing the occurrence of EPS. First, some patients may

have been exposed to the old and the new APD simultaneously, either because an overlap approach

was used in switching individuals from one drug to the other or because the prior antipsychotic drug

was not completely washed out at the time the new drug was started [21]. Second, any

extrapyramidal syndromes that existed prior to switching may have persisted while receiving the

new treatment. Taken together, APD use immediately before cohort entry may have increased the

risk of EPS. This problem also occurs in many randomized clinical trials, explaining why often

increased EPS rates are observed among patients receiving placebo [22]. To control for this

potential confounding effect, in our study relative risk estimates were adjusted for whether or not

patients were free from APDs in the period immediately before cohort entry.

We had no information on psychiatric diagnosis or disease severity of our study population.

However, previous studies found that severity of psychopathology is not associated with the risk of

extrapyramidal syndromes [23, 24]. Although disease severity may affect antipsychotic dosing and

thus indirectly influence EPS rates, dosing was adjusted for in the analysis. Thus, any differences in

severity of psychopathology between patients using different APDs are unlikely to have biased the

results of our study.
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From our study we can conclude that, since atypical antipsychotics tend to be selectively prescribed

to patients with a history of EPS, a patient’s disease history should be taken into account when

comparing the risk of future EPS between atypical and conventional APDs. Stratifying on prior use

of antipsychotic and antiparkinsonian drugs, we found that patients using olanzapine have a

strongly reduced risk for EPS compared to haloperidol. This was also observed for risperidone,

except in the subgroup of patients who had experienced EPS in the past. The added value of

risperidone in this patient group needs further study.
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ABSTRACT

Aim To study the association between polymorphism of the cytochrome P450 2D6 gene (CYP2D6)

and the risk of antipsychotic-induced extrapyramidal syndromes (EPS), as measured by the use of

antiparkinsonian medication.

Method Data were obtained from a psychiatric hospital where newly admitted patients are routinely

screened for several CYP2D6 mutant alleles. Cases were those prescribed antiparkinsonian

medication during oral antipsychotic drug (APD) treatment in the period September 1994 till

August 2000. They were divided into those using an APD whose metabolic elimination depends on

the activity of the CYP2D6 enzyme (“CYP2D6-dependent”) and those using other APDs. We

formed a control group of APD users for both case groups using a matching ratio of 3:1

(controls:cases). Controls were matched on whether or not their prescribed APD is CYP2D6-

dependent. Odds ratios (OR) for slow versus extensive metabolizers were calculated using

conditional logistic regression and were adjusted for age, gender, dose and other potential

confounding factors.

Results We identified 77 cases prescribed an APD that is CYP2D6-dependent and 54 prescribed

APDs not CYP2D6-dependent. Among patients using a CYP2D6-dependent APD, the poor

metabolizers were more than four times more likely to start with antiparkinsonian medication than

extensive metabolizers (OR: 4.44; 95% CI 1.11-17.68). An increased risk was not observed for

patients using APDs not CYP2D6-dependent (OR: 1.20; 95% CI 0.21-6.79).

Conclusion Genetically impaired CYP2D6 activity can increase the risk of antipsychotic-induced

EPS. Poor metabolizers should have their APD dosage reduced when the metabolism of the

prescribed APD depends on CYP2D6 activity or receive an APD not CYP2D6-dependent.
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INTRODUCTION

Antipsychotic drugs (APDs) are widely used for treatment of schizophrenia and other psychotic

disorders. However, a great limitation of their use are extrapyramidal syndromes (EPS, i.e.

parkinsonism, dystonia, akathisia and dyskinesia), a group of movement disorders that can

adversely affect patients’ well-being, compliance to treatment and as a result treatment outcome.

Since EPS is dose-dependent, factors that influence plasma levels of APDs may also affect the risk

of developing EPS. One such factor is the activity of the cytochrome P450 2D6 enzyme (CYP2D6),

responsible for the metabolic elimination of several APDs [1]. Up to ten percent of the European

Caucasian population has a defective CYP2D6 enzyme due to one or more mutations at the locus

coding for CYP2D6 and are classified as poor metabolizers [2]. Several studies have investigated

the association between such mutations and the occurrence of EPS, but results have been conflicting

[1]. This may be explained by the limited sample size of some studies or by the fact that several

studies included APDs for which the metabolic elimination of the active compound does not depend

on CYP2D6 activity [3-6].

We studied the association between the CYP2D6 genotype and the occurrence of EPS as measured

by the use of antiparkinsonian medication in a large population of APD users. To help explain

previous conflicting results, we distinguished between patients using APDs that are CYP2D6-

dependent and those using other APDs.

METHODS

Setting
Data for this nested case-control study was obtained from GGz “Meerkanten”, a psychiatric

institution in the Netherlands of approximately 700 beds responsible for institutionalized and semi-

ambulant psychiatric care. Since 1994 this hospital uses several computerized databases to collect

and store information on patients’ demographics, psychiatric diagnoses, laboratory test results,

medication use and other administrative data from hospitalized patients. The study protocol was

reviewed and approved by the hospital’s Ethics Committee.

Case definition
The study population consisted of all patients who had been hospitalized between September 1994

and August 2000 and during that time had received at least one prescription for an antipsychotic

drug. From them, we identified cases of extrapyramidal syndromes as inpatients with a first

recorded prescription of any drug indicated for treatment of extrapyramidal syndromes while using

antipsychotic medication. These include the antiparkinsonian drugs benzatropine, biperidene,

dexetimide, orphenadrine, procyclidine, trihexyphenidyl, levodopa, carbidopa/levodopa,

amantadine, bromocriptine, pergolide and selegiline. Excluded were cases who were prescribed

parenteral antipsychotic medication on the day antiparkinsonian medication was first prescribed

(index date) or who started with antipsychotic and antiparkinsonian medication on the same day,

since this represents prophylactic use of antiparkinsonian drugs.

Cases were divided into two mutually exclusive groups. The first consisted of all patients who on
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the index date used an APD whose metabolic elimination depends on the activity of the CYP2D6

enzyme (i.e. “CYP2D6-dependent”). These include chlorpromazine, haloperidol, perphenazine,

sertindole, thioridazine and zuclopenthixol [1]. Although metabolized by CYP2D6, risperidone was

not included in this group. Since its metabolite 9-hydroxyrisperidone is equally active as the parent

compound, the impact of CYP2D6 polymorphism on the pharmacologic effect of risperidone is

likely to be minimal [7]. The second case group consisted of cases who exclusively used any of the

remaining antipsychotic drugs on the index date, including risperidone.

Controls
From the study cohort of antipsychotic drug users we selected a control group for each of the two case

groups using risk-set sampling [8]. This first entails identifying all eligible controls for each case,

being all cohort members who on the index date of the corresponding case 1) were hospitalized and

prescribed antipsychotic medication; 2) had not yet received antiparkinsonian medication; 3) were not

prescribed parenteral antipsychotic medication and 4) met the matching criteria. Controls were

matched to cases according to whether or not the prescribed APD is CYP2D6-dependent. From this set

of eligible controls we randomly selected three controls for each case.

Exposure definition
Starting in July 1995, hospitalized patients are routinely genotyped for several mutations in the

cytochrome P450 genes upon first admission. For CYP2D6, these mutations include the defect gene

variants CYP2D6*3 and CYP2D6*4, which allow for identification of approximately 90% of the

poor metabolizers in the Caucasian population [9]. Patients’ DNA was isolated from peripheral

leucocytes using the GenomicPrep Blood DNA Isolation Kit (Amersham Pharmacia Biotech,

Piscataway N.J. USA). Genotyping for the mutant alleles was performed by polymerase chain

reaction-restriction fragment length polymorphism (PCR-RFLP) analyses as described elsewhere

[10-12], with some slight modifications. For identification of the CYP2D6*3 allele, amplification of

a 270 bp fragment was carried out using a single base mismatch primer. This primer introduces an

extra MspI restriction site in case of the CYP2D6*3 variant but not in the wildtype allele. The

CYP2D6*4 allele was detected by amplification of a 460 bp fragment, including four BstNI

restriction sites in the wildtype allele, but only three in the CYP2D6*4 variant. After restriction

enzyme digestion, nucleotide fragments were separated and visualized by electrophoresis on an

ethidium bromid containing 5.5% agarose gel. All samples were analyzed in duplicates. Alleles

without the CYP2D6*3 and CYP2D6*4 mutations were classified as wild type (CYP2D6*1).

Genotype data may not be available for patients who were already hospitalized prior to July 1995

and was missing for patients who did not donate blood samples. All patients included in our study

were subdivided into poor metabolizers (PM), intermediate metabolizers (IM) and extensive

metabolizers (EM) according to their genotype data. Subjects who are homozygous for the

CYP2D6*3 allele or the CYP2D6*4 allele or who are heterozygous for both are classified as poor

metabolizers. Those who are heterozygous for just one of these alleles are classified as intermediate

metabolizers. All other subjects are classified as extensive metabolizers.

Statistical analysis
To estimate the association between CYP2D6 genotype and the occurrence of extrapyramidal
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syndromes, we calculated crude and adjusted odds ratios (OR) and their 95% confidence intervals

(95% CI) using conditional logistic regression (Egret for Windows, version 2.0.3, Cytel Software

Corporation). All multivariate logistic regression models included age at the index date, gender,

DSM-IV diagnosis and time since first recorded APD treatment in the hospital as covariates, as well

as terms for the use of benzodiazepines, tricyclic antidepressants, selective serotonin reuptake

inhibitors and lithium at the index date and the type of antipsychotic drug used. Furthermore, to

control for possible differences in dosing between patients, we adjusted for the prescribed dose at

the index date, expressed in chlorpromazine equivalents [13, 14]. Doses between subgroups of

patients were compared using a Mann-Whitney U test.

We calculated the etiologic fraction, defined as the fraction of antiparkinsonian drug use attributable

to the poor metabolizer genotype. This was calculated as 100 x [P(OR-1)]/[1+P(OR-1)] [15], where

P is the proportion poor metabolizers in hospitalized patients and OR the odds ratio of

antiparkinsonian drug use among poor metabolizers.

RESULTS

The study population consisted of 1,133 patients who were prescribed antipsychotic medication

while hospitalized. In this cohort we identified 165 cases starting with antiparkinsonian medication

during treatment with oral APDs. The majority of them (97%) started with an anticholinergic

antiparkinsonian drug. We excluded 34 cases who had not been genotyped for CYP2D6. Of the 131

remaining cases, 77 used a CYP2D6-dependent APD (case group I), while 54 used other APDs

(case group II). Most widely used APDs in case group I were haloperidol (n=39) and zuclopenthixol

(n=34). In case group II these were pimozide (n=18), risperidone (n=13) and olanzapine (n=12).

Selecting controls from the cohort of 1,133 APD users by means of risk set sampling yielded 231

and 162 controls for case group I and II, respectively (table 1). Among patients using a CYP2D6-

dependent APD (group I), cases were significantly younger than controls and received significantly

higher APD doses. This was not observed in those using APDs that are not CYP2D6-dependent

(group II). Furthermore, especially in group I, cases and controls differed with regard to psychiatric

diagnoses (table 1). Adjusted for several potential confounding factors, in group I patients with the

poor metabolizer genotype had a more than four times higher risk of being prescribed

antiparkinsonian medication than extensive metabolizers (table 2). Prescribed APD doses of poor

and extensive metabolizers in this group were similar (median: 180 vs. 156 chlorpromazine

equivalents, respectively; P=0.92). No difference in the degree of antiparkinsonian medication

between the PM and EM genotype was observed in group II (table 1). In this group we again

observed no difference in prescribed dose between poor and extensive metabolizers (median: 420

vs. 399 chlorpromazine equivalents, respectively; P=0.39). Neither in group I nor group II did

patients with the intermediate metabolizer genotype have an increased risk of receiving

antiparkinsonian medication. The proportion of antiparkinsonian medication attributable to the poor

metabolizer genotype in patients prescribed APDs metabolized by CYP2D6 was 19.2%.
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Table 1 Characteristics of cases and controls

Group I: patients using

CYP2D6-dependent APDs*

Group II: patients using APDs

not CYP2D6-dependent*

Cases

 (n=77)

Controls

(n=231)

Cases

 (n=54)

Controls

(n=162)

Age, mean (s.d.) 50.5 (17.5) 63.3 (16.4) 43.0 (21.0) 45.4 (17.8)

Gender (%)

• male 37 (48.1) 101 (43.7) 20 (37.0) 79 (48.8)

• female 40 (51.9) 130 (56.3) 34 (63.0) 83 (51.2)

DSM IV diagnosis (%)

• schizophrenia and other psychotic

disorders

28 (36.4) 38 (16.5) 10 (18.5) 41 (25.3)

• bipolar disorders 14 (18.2) 9 (3.9) 5 (9.3) 13 (8.0)

• depressive disorders 10 (13.0) 26 (11.3) 16 (29.6) 21 (13.0)

• dementia 4 (5.2) 36 (15.6) 3 (5.6) 0 (0.0)

• other 11 (14.3) 62 (26.8) 9 (16.7) 29 (17.9)

• no diagnosis / missing 10 (13.0) 60 (26.0) 11 (20.4) 58 (35.8)

APD dose, median (CPZeq/day)

(10th, 90th percentile)

299

(60, 753)

123

(51, 921)

300

(107, 960)

399

(120, 1002)

Concurrent medication use (%)

• benzodiazepines 58 (75.3) 133 (57.6) 40 (74.1) 94 (58.0)

• antidepressants, TCAs 12 (15.6) 24 (10.4) 9 (16.7) 34 (21.0)

• antidepressants, SSRIs 7 (9.1) 14 (6.1) 12 (22.1) 17 (10.5)

• lithium 17 (22.1) 25 (10.8) 10 (18.5) 15 (9.3)

CYP2D6 genotype

• extensive metabolizer

(homozygous: wt/wt)

39 (50.6) 161 (69.7) 32 (59.3) 88 (54.3)

• intermediate metabolizer

(heterozygous: wt/mut)

27 (35.1) 47 (20.3) 19 (35.2) 66 (40.7)

• poor metabolizer

(homozygous: mut/mut)

11 (14.3) 23 (10.0) 3 (5.6) 8 (4.9)

abbreviations: CYP2D6 = cytochrome-P450 2D6; APD = antipsychotic drug; CPZeq / day = chlorpromazine

equivalents per day; TCA = tricyclic antidepressant; SSRI = selective serotonin reuptake inhibitor; wt = wildtype

allele; mut = mutant, non functional allele (CYP2D6*3 or CYP2D6*4)

* CYP2D6-dependent APDs indicates antipsychotic drugs whose metabolic elimination is dependent on the

activity of the CYP2D6 enzyme [1]
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Table 2 Cytochrome P450-2D6 genotype among new users of antiparkinsonian medication and

among control patients

CYP2D6 genotype Cases / controls Crude OR

(95% CI)

Adjusted OR

(95% CI)*

Group I: patients using

CYP2D6-dependent APDs†

• extensive metabolizer

(homozygous: wt/wt)

39/161 1.00¥ 1.00¥

• intermediate metabolizer

(heterozygous: wt/mut)

27/47 2.42 (1.33-4.42) 0.90 (0.34-2.38)

• poor metabolizer

(homozygous: mut/mut)

11/23 2.08 (0.93-4.63) 4.44 (1.11-17.68)

Group II: patients using

APDs not CYP2D6-dependent†

• extensive metabolizer

(homozygous: wt/wt)

32/88 1.00¥ 1.00¥

• intermediate metabolizer

(heterozygous: wt/mut)

19/66 0.78 (0.40-1.52) 0.69 (0.29-1.66)

• poor metabolizer

(homozygous: mut/mut)

3/8 1.03 (0.27-3.97) 1.20 (0.21-6.79)

abbreviations: CYP2D6 = cytochrome-P450 2D6; OR = odds ratio; CI = confidence interval; APD = antipsychotic

drug; wt = wildtype allele; mut = mutant, non functional allele (CYP2D6*3 or CYP2D6*4)

* adjusted for age, gender, DSM-IV diagnosis, time since first recorded antipsychotic drug treatment, type of

antipsychotic drug and the prescribed antipsychotic dose at the index date and concurrent use of

benzodiazepines, lithium, tricyclic antidepressants and selective serotonin reuptake inhibitors at the index date

† CYP2D6-dependent APDs indicates antipsychotic drugs whose metabolic elimination is dependent on the

activity of the CYP2D6 enzyme [1]

¥ reference group

DISCUSSION

We found that antipsychotic drug users who are poor metabolizer for CYP2D6 have a substantially

increased risk for being prescribed antiparkinsonian medication, typically used for treatment of

extrapyramidal syndromes. Not surprisingly, this was only observed in patients using an

antipsychotic drug for which the metabolic elimination depends on the activity of the CYP2D6

enzyme. In our study population these drugs included haloperidol, zuclopenthixol, perphenazine

and thioridazine. Indeed, previous studies found increased plasma levels of these APDs in poor
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metabolizers [16-18]. Despite their impaired CYP2D6 activity, patients with the intermediate

metabolizer genotype were not more likely to receive antiparkinsonian medication, regardless of the

type of APD used. This might be explained by a large interindividual variability in APD plasma

levels and resulting side effect risk within both EM and IM genotypes [7]

In the psychiatric hospital from which our study population was drawn, hospitalized patients are

screened for mutations in the CYP2D6 gene upon admission with the purpose of optimizing their

drug treatment. Although results from genotype testing may not come available to the prescribing

physician until several days or even weeks after drug treatment has started, this calls for caution in

the interpretation of our study results. In the hospital, prescribers are advised to reduce the dose of

antipsychotic medication in patients with the poor metabolizer genotype. Such a dose reduction is

likely to reduce the frequency of EPS and as a result will underestimate relative risks. However, we

did not observe lower dosing of antipsychotic drugs among poor metabolizers, arguing against such

a bias and indicating that the effect of a PM genotype on physicians’ prescribing pattern is limited.

As a result, we also expect other effects on treatment behaviour such as prophylactic treatment with

antiparkinsonian medication or increased vigilance for symptoms of EPS to be small. This is

reinforced by our observation that from the eleven poor metabolizers in the first case group, six had

not yet been genotyped at the time antiparkinsonian medication was first prescribed.

We used prescriptions of antiparkinsonian medication to identify events of EPS in our study

population. Although antiparkinsonian drugs are unlikely to be prescribed for other reasons than

EPS, this marker will not have identified all patients with these side effects. First, symptoms of EPS

may have gone unnoticed by the treating physician. Second, if correctly diagnosed, EPS may also

have been treated by changing the antipsychotic drug treatment. However, assuming such

underestimation of the study outcome occurs to the same extent for patients with different

genotypes, it does not bias relative risk estimates, [19].

Especially among patients using CYP2D6-dependent APDs, cases and controls were not comparible

with regard to DSM-IV diagnosis. This may have introduced bias when diagnosis is related to the

occurence of EPS. However, despite an early report indicating a higher frequency of dystonia in

manic patients [20], more recent studies observed no association between psychiatric diagnosis and

EPS frequency [21-25]. Thus, differences in diagnosis between patients is unlikely to have affected

the results of our study.

Several other studies have investigated the association between CYP2D6 genotype and the

occurrence of EPS, but their results have been conflicting. While several found a statistically

significant association [26-29], others did not [3-6, 30]. Since some studies identified only five or

less poor metabolizers [3, 5, 6], the absence of an association may partly be explained by a limited

sample size. In addition, several studies included APDs for which the elimination of the active

moiety (parent compound plus active metabolite) does not depend on CYP2D6, including

levomepromazine, flupenthixol, thiothixene, sulpiride, clozapine and risperidone [3-6]. Since our

results confirm that CYP2D6 genotype does not affect the risk of EPS in patients using such APDs,

the absence of an association when including these drugs is not surprising.
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While being at least partly metabolized by CYP2D6, we classified risperidone and olanzapine as

not-CYP2D6-dependent. For risperidone, this was done because of the fact that its main metabolite

9-hydroxyrisperidone has the same pharmacological activity as the parent compound [7]; neither the

plasma concentration of the active moiety (parent drug plus metabolite) [7, 31, 32] nor the overall

side effect rates [32] have been found to be associated with CYP2D6 phenotype or genotype. For

olanzapine CYP2D6 offers only a minor route of metabolism [33]. Despite these observations, a

recent study suggested CYP2D6 activity does have an effect on risperidone-induced side effects

[34]. We can not explain the discrepancy between this observation and previous studies. However,

if CYP2D6 genotype indeed would be associated with EPS in patients treated with risperidone or

olanzapine, the risk estimate between the PM and EM genotype in the subgroup of patients using

non-CYP2D6-dependent APDs (group II) may have been lower if these APDs were not included in

this subgroup.

Taken together, the results of our study show that CYP2D6 genotype can affect the risk of

extrapyramidal syndromes in patients using antipsychotic drugs. As a result, poor metabolizers who

require antipsychotic drug treatment should have their dose reduced when the prescribed APD is

metabolized by CYP2D6. Alternatively, the treating physician may choose to prescribe an

antipsychotic not metabolized by CYP2D6. From a public health perspective, we found that the

poor metabolizer genotype could explain 19.2% of all antiparkinsonian drug use in patients using

APDs metabolized by CYP2D6. Thus, prior knowledge about a patients CYP2D6 genotype could

prevent a substantial number of EPS cases if the antipsychotic drug treatment is appropriately

adjusted. Future study will have to determine whether the additional costs of routine screening for

CYP2D6 polymorphisms prior to antipsychotic drug treatment is offset by the gain in treatment

outcome.
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CHAPTER 4

Extrapyramidal syndromes due to
other drugs
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ABSTRACT

Aim To study whether use of selective serotonin reuptake inhibitors (SSRIs) is associated with

extrapyramidal syndromes (EPS).

Method We analyzed the spontaneous reports of adverse drug reactions (ADRs) collected by the

Netherlands Pharmacovigilance Foundation Lareb in the period 1985-1999 (N=24,263). The study

population consisted of all patients using an antidepressant drug at the time the ADR occurred. We

calculated ADR-reporting odds ratios (ADR-OR) to estimate the association between SSRI-use and

EPS, relative to other antidepressants.

Results We identified 61 patients with EPS. SSRI-use was associated with spontaneous reporting of

EPS relative to other antidepressants (adjusted ADR-OR: 2.2; 95% confidence interval: 1.2-3.9).

This risk estimate seemed to be higher in patients concurrently using antipsychotic medication (6.9,

0.7-68.0), though the confidence interval was very wide.

Conclusion SSRI-use seems only moderately associated with EPS compared to other

antidepressants. However, those concurrently using antipsychotic drugs or presenting with other

risk factors may be more susceptible and should be closely monitored.
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INTRODUCTION

Over the years, numerous case reports have described the occurence of extrapyramidal syndromes

(EPS, i.e. parkinsonism, dystonia, akathisia and dyskinesia) in patients using antidepressant drugs

(ADs) [1]. Based on the number of published reports and the antidopaminergic effect of serotonin in

the striatum [2], selective serotonin reuptake inhibitors (SSRIs) are thought to induce EPS more

often than other ADs. However, so far this hypothesis has not been tested in either experimental or

observational studies. This may partly be explained by the low frequency of antidepressant-induced

EPS. With an estimated incidence of 1 per 1,000 users of SSRIs or less [3, 4], a cohort study would

need to include over 100,000 AD users to detect a two-fold increase in EPS with SSRIs relative to

other ADs [5]. Even in a case-control design the required sample size may be difficult to achieve

using classical medical registries.

In many countries adverse drug reactions (ADRs) are reported by health care professionals to

regional or national pharmacovigilance centers. Despite considerable underreporting [6], this

pharmacovigilance data is often used to compare the safety of two drugs from the same

pharmacotherapeutic group, especially with regard to new or rare ADRs [7]. This is often done

through “reaction proportion signalling”, which assesses whether a drug has a disproportionate

share in a certain ADR, relative to all other reported ADRs [8]. This methodology has previously

been used to study various types of drug-induced morbidity [9-11].

In the absence of population-based pharmacoepidemiological studies, we evaluated whether SSRIs

were associated with EPS relative to other antidepressants in a database of spontaneously reported

adverse drug reactions.

METHOD

Source
Data for this nested case-control study was obtained from the Netherlands Pharmacovigilance

Foundation Lareb. From 1985 onwards, Lareb collects reports of adverse drug reactions (ADRs) in

the Netherlands. These reports are provided by health care professionals on a voluntary basis

through a “yellow card” system. After being received by Lareb, each report is evaluated by a trained

physician and/or pharmacist and filed in a database. Reports contain information about the patient,

adverse drug reaction, medication used at the time of the event –both suspected drug and

concomitant medication- and indication for use of the suspected drug, as well as the original

description of the adverse drug reaction as provided by the reporter. ADRs are coded according to

the adverse reaction terminology of the World Health Organization (WHO-ART) [12]. Between

January 1st 1985 and June 30th 1999, Lareb has received 24,263 reports.

Selection of cases and non-cases
The study population consisted of all patients for whom an ADR has been reported to Lareb

between January 1st 1985 and June 30th 1999 and who used an antidepressant drug at the time the

ADR occurred, either recorded as suspected drug or as concomitant medication. From them we

identified possible cases of EPS as patients whose ADR was assigned one or more of the following
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WHO-ART terms: dystonia, torticollis, choreoathetosis, dyskinesia, extrapyramidal disorder,

hyperkinesia, hypokinesia, oculogyric crisis, tremor, muscle contractions involuntary, dyskinesia

tardive, parkinsonism aggravated or bradykinesia. From this first selection of patients, only those

whose original description of the ADR contained one or more terms indicative of EPS (see table 1,

legend) were selected as cases. All other patients in the study population (non-cases) were selected

as controls.

Data analysis
We assessed the use of SSRIs (fluoxetine, paroxetine, sertraline, fluvoxamine and citalopram) and

other antidepressant drugs -either recorded as suspected drug or as concomitant medication- among

cases of EPS and control patients. To quantify the association between SSRI use and spontaneous

reporting of EPS relative to other antidepressants, we calculated the ADR-reporting odds ratio

(ADR-OR). The ADR-OR is defined as the ratio of two odds, namely the odds of exposure among

reported cases of a certain suspected ADR relative to the odds of exposure among reported non-

cases [9, 10]. Thus, the numerator of the ADR-OR is calculated by dividing the number of cases

(i.e. patients with EPS) where SSRIs are used by the number of cases where other antidepressants

were used; the denominator is calculated by dividing the number of controls (i.e. patients with other

ADRs) where SSRIs are used by the number of controls where other antidepressants were used.

Crude and adjusted ADR-reporting odds ratios and their 95% confidence intervals were calculated

using unconditional logistic regression (SPSS for Windows, version 7.5.2). Odds ratios were

adjusted for age and gender of the patient, year and source of the report and the concurrent use of

benzodiazepines, antipsychotic drugs and lithium. We also assessed odds ratios within strata of age,

gender, calendar year and antipsychotic drug use.

RESULTS

The study population consisted of 2,476 patients in the Lareb database who were using an

antidepressant drug at the time their adverse drug reaction occurred. Of them, 61 fulfilled our

criteria of EPS and were selected as cases. The remaining 2,415 patients were selected as controls.

Mean age of cases and controls was comparable (49 vs. 51, respectively; P=0.33). Sixty seven

percent of the cases and 71% of the controls was female (P=0.63). Parkinsonism and dystonia were

the most frequently reported extrapyramidal syndrome (59.0% and 21.3%, respectively) (table 1).

However, tremor often was the only sign of parkinsonism (83.3%). Only one report described

akathisia.

In patients with EPS, SSRIs were more often reported as suspected medication than other

antidepressants (41 versus 14 times). In six of the patients with EPS, the antidepressant drug that

was used was not the suspected medication (table 1). Not differentiating between suspected and

concomitant medication, 41 (67.2%) of the cases and 1,264 (52.3%) of the control patients were

using an SSRI. This yielded crude and adjusted ADR reporting odds ratios of 1.9 (95% confidence

interval 1.1 to 3.4) and 2.2 (1.2-3.9), respectively, relative to other antidepressants (table 2).
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The risk estimate was slightly higher for people 55 years or older and for male patients.

Furthermore, the ADR-OR increased over time. Notably, the association between SSRI use and

EPS seemed strongest in those concurrently using antipsychotic medication. However, in many of

these subanalyses, confidence intervals were wide (table 2).

In this study, restless legs was not considered an extrapyramidal syndrome [13]. It was reported 14

times. The risk estimate did not change when these reports were included as cases (ADR-OR 2.1,

1.2-3.6). Furthermore, SSRI-use remained significantly associated with EPS when tremor was not

regarded a symptom of EPS (ADR-OR 2.8, 1.2-6.7).

Table 1 Cases of drug-induced extrapyramidal syndromes (EPS), divided by suspected drug (as

indicated by the reporter) and type of disorder

Drug
(year of market introduction
in the Netherlands)

Any
EPS

Parkinsonism †‡ Akathisia § Dystonia || Dyskinesia ¶ Unspecified EPS ¥

Any drug 61 36 (30) 1 13 10 2

SSRIs 41** 20 (18) 1 11 8 2
• paroxetine (1991) 23** 9 (8) - 9 6 -
• fluoxetine (1989) 9 7 (6) - 1 1 -
• fluvoxamine (1985) 7 3 (3) - 1 1 2
• citalopram (1997) 1 - 1 - - -
• sertraline (1994) 1 1 (1) - - - -

Other antidepressant drugs 14 11 (8) - 1 2 -
• amitriptyline (1962) 3 3 (3) - - - -
• clomipramine (1970) 3 2 (2) - - 1 -
• dosulepin (1984) 2 2 (2) - - - -
• maprotiline (1975) 1 1 (1) - - - -
• mianserin (1982) 1 - - - 1 -
• mirtazapine (1994) 1 - - 1 - -
• nefazodone (1997) 2 2 (0) - - - -
• venlafaxine (1994) 1 1 (0) - - - -

No antidepressant drug 6 5 (4) - 1 - -

abbreviations: EPS = extrapyramidal syndrome; SSRI = selective serotonin reuptake inhibitor

† parkinsonism was identified in reports containing one or more of the following terms in the original text: parkinsonism, masked

facies, coghweel rigidity, bradykinesia, shuffling gait, tremor, worsening of pre-existing parkinsonism

‡ in parentheses are the number of reports where tremor was the only sign of parkinsonism

§ akathisia was identified in reports containing the term akathisia in the original text

|| dystonia was identified in reports containing one or more of the following terms in the original text: dystonia, trismus, jaw

spasms, oculogyric spasms, torticollis, opisthotonus

¶ dyskinesia was identified in reports containing one or more of the following terms in the original text: lingual-facial-buccal

dyskinesia, limb-truncal dyskinesia, choreatic movements, athetosis

¥ unspecified extrapyramidal syndrome was identified in reports containing the term “extrapyramidal syndrome” in the original

text without any specification

** this total number of reports is less than the sum of individual extrapyramidal syndromes, since some reports described more

than one different extrapyramidal syndromes
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DISCUSSION

Our data shows that, relative to other antidepressant drugs, the use of selective serotonin reuptake

inhibitors is associated with a two-fold increase in spontaneous reporting of EPS. While this might

suggest that SSRIs are more likely to cause EPS than other antidepressants, the association is only

moderate. Furthermore, several biases have to be considered.

The use of ADR reporting odds ratios to estimate relative risks may especially be biased by

underreporting of ADRs [7]. Important factors that can influence reporting include the time a drug

has been on the market and recent publications in the medical literature [14]. The former is unlikely

to bias reporting odds ratios. The initial increase and subsequent decrease of the number of ADR

reports for a given drug after marketing –known as the “Weber effect”- influences all ADRs of that

drug and thus affects the numerator and denominator of the odds ratio to the same extent [9].

However, odds ratios could be affected by the latter. Case reports of antidepressant-induced EPS

published during the study period –most of which involved SSRIs- may have selectively stimulated

Table 2 ADR-reporting odds ratios of extrapyramidal syndromes for selective serotonin

reuptake inhibitors versus other antidepressant drugs (either suspected drug or concomitant

medication)

cases:
reports of EPS

(SSRIs / other ADs) †

controls:
reports of other ADRs
(SSRIs / other ADs) †

ADR-reporting OR
(crude, 95% CI)

ADR-reporting OR
(adjusted, 95% CI) ‡

overall 41 / 19 1,264 / 1,107 1.9 (1.1-3.4) 2.2 (1.2-3.9)

age
• <55 years old 25 / 11 919 / 863 2.1 (1.0-4.6) 2.1 (0.9-4.5)
• ≥55 years old 16 / 8 345 / 444 2.6 (1.0-6.6) 2.9 (1.1-7.3)

gender
• men 15 / 5 356 / 332 2.8 (0.9-8.9) 3.1 (1.0-9.5)
• women 26 / 14 908 / 775 1.6 (0.8-3.2) 1.9 (0.9-3.9)

year of reporting
• 1985-1990 1 / 5 50  / 226 0.9 (0.0-8.3) 1.1 (0.1-10.8)
• 1991-1993 3 / 3 113 / 146 1.3 (0.2-9.8) 1.7 (0.3-9.3)
• 1994-1996 16 / 4 491 / 288 2.4 (0.7-8.4) 2.7 (0.9-8.2)
• 1997-1999 21 / 7 610 / 447 2.2 (0.9-6.2) 2.5 (1.1-6.2)

concurrent use of
antipsychotic drugs
• no 37 / 18 1,210 / 1,021 1.7 (1.0-3.2) 2.0 (1.1-3.6)
• yes 4 / 1 54 / 86 6.4 (0.6-317) 6.9 (0.7-68.0)

abbreviations: ADR = adverse drug reaction; OR = odds ratio; 95% CI = 95% confidence interval; EPS = extrapyramidal

syndromes; SSRI = selective serotonin reuptake inhibitor; AD = antidepressant drug

† Excluding patients who used both an SSRI and another antidepressant drug were used (1 case, 44 controls)

‡ adjusted for age, gender, year or reporting, source and concurrent use of antipsychotic drugs, benzodiazepines or lithium
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the reporting of SSRI-induced EPS, thus overestimating the true relative risk. This seems to be

supported by the increasing ADR reporting odds ratio over time. Thus, the overall odds ratio of 2.2

is likely to be an upper bound estimate of the true relative risk.

Based on the antidopaminergic effect of serotonin in the striatum [2] and the large number of

published case reports of SSRI-induced extrapyramidal syndromes [1], one might have expected a

much stronger association between SSRI use and the occurrence of EPS. However, many of the

published case reports involved patients also carrying other risk factors for EPS, such as advanced

age, concomitant use of antipsychotic drugs, previous events of drug-induced EPS or

presymptomatic Parkinson’s. This may suggest that the effect of SSRIs on the development of EPS

especially presents in those who are already vulnerable to this side effect. Indeed, while the number

of patients were small, our results suggest that the association between SSRI-use and EPS is

strongest in elderly and those concurrently using antipsychotic drugs.

In conclusion, our data indicate that SSRIs are only moderately associated with extrapyramidal

syndromes relative to other antidepressant drugs. Especially those with an already compromised

dopaminergic function due to for instance concurrent treatment with other antidopaminergic drugs

or Parkinson’s disease may be more susceptible and should be closely monitored.
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ABSTRACT

Aim To study whether use of selective serotonin reuptake inhibitors (SSRIs) is associated with

extrapyramidal syndromes (EPS).

Method Data for a population-based case-control study was obtained from the PHARMO-database,

containing filled prescriptions of 450.000 outpatients in the Netherlands from 1986 through 1998.

We selected cases, being patients newly prescribed antiparkinsonian medication, and six matched

controls per case.

Results From the 194 cases and 1,105 matched controls we identified, we observed that patients

prescribed SSRIs had an increased risk of antiparkinsonian medication (odds ratio 5.9, 95%

confidence interval 1.8-18.8). This was considerably lower for other antidepressants (1.6, 0.6-4.4).

Conclusion Unlike other antidepressants, SSRIs are strongly associated with EPS.
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INTRODUCTION

Both selective serotonin reuptake inhibitors (SSRIs) and other antidepressants have been implicated

with extrapyramidal syndromes (EPS, i.e. parkinsonism, dystonia, akathisia and dyskinesia) [1].

Based on the number of published reports and the antidopaminergic effect of serotonin in the

striatum [2], SSRIs are thought to induce EPS more often than other antidepressants. However,

especially for non-elderly patients this hypothesis has not been tested in controlled experimental or

observational studies.

We studied the association between the use of SSRIs or other antidepressants and the occurrence of

extrapyramidal syndromes, as measured by the start of antiparkinsonian medication.

METHOD

Source
Data for this population-based case-control study was obtained from the PHARMO system, a

database that includes information of drug-dispensing records for all 450.000 residents of 11 Dutch

cities. These records are obtained from outpatient pharmacy files and  provide a virtually complete

record of the prescription history of outpatients [3, 4]. The PHARMO database has previously been

used to study various types of drug-induced morbidity [5, 6], including EPS [7]. For this study we

used all available data from January 1, 1986 till December 31, 1998.

Case definition
Since antiparkinsonian medication is specifically indicated for treatment of EPS, these drugs are

often used to identify patients with EPS in epidemiological studies [7, 8]. We identified incident

cases of EPS as patients with a first recorded prescription of such medication. These included both

anticholinergic and dopaminergic antiparkinsonian drugs. We did not include women prescribed

bromocriptine alone (i.e. without other EPS medication), since this drug is also used for suppression

of lactation, nor patients prescribed amantadine alone, since this drug may also be used for several

other indications, including influenza prophylaxis, dementia or multiple sclerosis.

For each case patient we randomly selected six controls from the PHARMO database, matched on

age, gender, pharmacy and calendar year. All patients were assigned an index-date, being the date

of first recorded use of antiparkinsonian medication for cases and the same date for the matched

controls. Excluded were patients younger than 15 or older than 54, patients who were enrolled in

the PHARMO-system for less than one year prior to the index date and patients who had used

antipsychotic medication or lithium at any time during their enrollment in the PHARMO system.

Exposure definition
We assessed the use of antidepressant drugs in cases and controls by examining all their drug-

dispensings in the 365 days prior to the index date. Current users of antidepressants were patients

who had filled a prescription for an antidepressant drug before the index date with a supply of drug

that ended 90 days or less before the index date or after the index date. Past users were those whose

most recent prescription ended somewhere between 90 and 365 days before the index date. All

patients without antidepressant drug prescriptions in the 365 days prior to the index date were
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classified as non-users. Current users were subdivided into patients prescribed SSRIs (i.e.

fluoxetine, paroxetine, sertraline, fluvoxamine, citalopram) and those using other antidepressants.

Those who were current user of antidepressants from both groups were excluded.

Statistical analysis
To estimate the association between antidepressant drug use and starting with antiparkinsonian

medication, we calculated crude and adjusted odds ratios using unconditional logistic regression

(SPSS for Windows, release 9.0.0). For all risk estimates, no use of antidepressant drugs was taken

as the reference exposure category. All models were adjusted for age, gender, pharmacy, calendar

time, current use of benzodiazepines and current use of other drugs known to induce EPS, including

cinnarizine, flunarizine and metoclopramide [9].

RESULTS

We identified 194 incident users of antiparkinsonian medication and 1,105 controls who fulfilled

the inclusion criteria for our study. Mean age of cases and controls was 39 years (table 1). Most

frequently prescribed antidepressant drugs in the 90 days before the index date were amitriptyline (9

Table 1 Characteristics of cases and controls

Exposure category Cases (N=194) Controls (N=1,105)

Age, mean (s.d.) 39.4 (10.4) 39.2 (10.4)

Gender (%)

• male 92 (47.4) 525 (47.5)

• female 102 (52.6) 580 (52.5)

Treated by specialist*

• psychiatrist 7 (3.6) 9 (0.8)

• neurologist 22 (11.3) 13 (1.2)

Concurrent medication use (%)†

• benzodiazepines 42 (21.6) 95 (8.6)

• cinnarizine 2 (1.0) 2 (0.2)

• flunarizine 2 (1.0) 1 (0.1)

• metoclopramide 5 (2.6) 2 (0.2)

abbreviations: s.d. = standard deviation

* measured in the year prior to the index date

† measured in the 90 days prior to the index date
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patients), clomipramine (8 patients) and fluoxetine (7 patients). Of the cases, 7 were current user of

SSRIs (3.6%) and 6 were current user of other antidepressants (3.1%), compared to 6 (0.5%) and 17

(1.5%) of the control patients, respectively. This yielded that current users of SSRIs were nearly six

times more likely to receive antiparkinsonian medication than people not using antidepressants

(adjusted odds ratio 5.9, 95% confidence intervals 1.8-18.8). Current use of other antidepressants

was not significantly associated with the use of antiparkinsonian drug treatment (odds ratio 1.6, 0.6-

4.4). Past use of antidepressant drugs showed an odds ratio of 2.2 (0.9-5.3) (table 2).

DISCUSSION

We found that the use of SSRIs is significantly associated with an increased risk of starting with

antiparkinsonian medication, which was not observed for other antidepressants. Furthermore, past

use of antidepressant drugs also seemed to be associated with antiparkinsonian drug treatment. As

suggested by previous studies, depression may be a prodrome of Parkinson’s disease (PD) and thus

inherently associated with future parkinsonian symptoms and antiparkinsonian drug treatment [10,

11]. In addition, symptoms of fatigue, often seen in PD, may have been mistaken for depression

[12].

Table 2 Exposure to antidepressant drugs among users of antiparkinsonian medication (n=194)

and control patients (n=1,105)

Exposure category Cases / controls Crude OR

(95% CI)

Adjusted OR

(95% CI)*

No antidepressant drug use† 169 / 1,063 1.0 1.0

Current use‡

• selective serotonin reuptake inhibitor 7 / 6 7.3 (2.1-26.7) 5.9 (1.8-18.8)

• other antidepressants 6 / 17 2.2 (0.7-6.0) 1.6 (0.6-4.4)

Past use, any antidepressant drug 9 / 19 3.0 (1.2-7.1) 2.2 (0.9-5.3)

abbreviations: OR = odds ratio; 95% CI = 95% confidence interval

* adjusted for age, gender, pharmacy, calendar time and current use of benzodiazepines, cinnarizine, flunarizine

and metoclopramide

† reference group

‡ excluding patients who were current users of both selective serotonin reuptake inhibitor and other

antidepressants (3 cases)
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The use of antiparkinsonian medication as a marker for symptoms of EPS will not have identified

all patients with EPS: EPS may also have been treated by dose reduction, discontinuation or

switching

of antidepressant medication or by the use of other drugs indicated for certain types of EPS, such as

benzodiazepines or propranolol. Thus, the observed risk estimates are likely to be underestimates of

the true relative risks. Physicians may have been more likely to use one of these alternatives than to

prescribe anticholinergic antiparkinsonian medication in patients already receiving highly

anticholinergic antidepressants such as the non-SSRIs amitriptyline, clomipramine and imipramine.

If so, underestimation may be higher for other antidepressants than for SSRIs. While a previous

study indicates that the anticholinergic potential of antidepressants has no effect on physicians’

prescribing patterns [13], we can not completely rule out a difference in underestimation between

SSRIs and other antidepressants.

Unfortunately, we had no information on psychiatric diagnoses or disease severity of patients

prescribed antidepressants. While in the Netherlands more severely depressed patients are

recommended to be treated with tricyclic antidepressants (non-SSRIs) [14], we have no reason to

assume that disease severity is associated with the likeliness to develop EPS. If a positive

association does exist, the difference in risk estimates between SSRIs and other antidepressants may

in fact be higher than we observed.

So far, only a few studies have compared the risk of EPS between SSRIs and other antidepressants.

These studies were focussed on elderly patients and yielded conflicting results [15, 16]. Our results

from a non-elderly population are in line with the higher reporting of EPS with SSRIs compared to

other antidepressants, both observed in the literature [1] and in a pharmacovigilance database (data

on file). This higher risk may be explained by an indirect antidopaminergic effect of serotonin in the

striatum [2].

In conclusion, our observation warrants increased caution when prescribing SSRIs. Especially those

with an already compromised dopaminergic function due to for instance Parkinson’s disease or

concurrent treatment with other antidopaminergic drugs like antipsychotics should be closely

monitored.

REFERENCES

1. Gill, H.S., DeVane, C.L., Risch, S.C., Extrapyramidal symptoms associated with cyclic antidepressant
treatment: a review of the literature and consolidating hypotheses. J Clin Psychopharmacol, 1997. 17(5):
p. 377-89.

2. Kapur, S., Remington, G., Serotonin-dopamine interaction and its relevance to schizophrenia. Am J
Psychiatry, 1996. 153(4): p. 466-76.

3. Herings, R.M., Bakker, A., Stricker, B.H., Nap, G., Pharmaco-morbidity linkage: a feasibility study
comparing morbidity in two pharmacy based exposure cohorts. J Epidemiol Community Health, 1992.
46(2): p. 136-40.

4. Herings, R.M.C., PHARMO: a record linkage system for postmarketing surveillance of prescription drugs
in The Netherlands. Ph.D. dissertation. Department of Pharmacoepidemiology, Utrecht University,
Utrecht, The Netherlands, 1993, p. 207.

5. Herings, R.M.C., de Boer, A., Stricker, B.H., Leufkens, H.G.M., Porsius, A., Hypoglycaemia associated
with use of inhibitors of angiotensin converting enzyme. Lancet, 1995. 345(8959): p. 1195-8.



      Chapter 4.2

103

6. Herings, R.M.C., Stricker, B.H., de Boer, A., Bakker, A., Sturmans, F., Benzodiazepines and the risk of
falling leading to femur fractures. Dosage more important than elimination half-life. Arch Intern Med,
1995. 155(16): p. 1801-7.

7. Schillevoort, I., de Boer, A., Herings, R.M.C., Roos, R.A.C., Jansen, P.A.F., Leufkens, H.G.M.,
Antipsychotic-induced extrapyramidal syndromes: risperidone compared with low and high potency
conventional antipsychotic drugs. Eur J Clin Pharmacol, 2001. 57: p. 327-31.

8. Avorn, J., Bohn, R.L., Mogun, H., Gurwitz, J.H., Monane, M., Everitt, D., Walker, A., Neuroleptic drug
exposure and treatment of parkinsonism in the elderly: a case-control study. Am J Med, 1995. 99(1): p.
48-54.

9. Montastruc, J.L., Llau, M.E., Rascol, O., Senard, J.M., Drug-induced parkinsonism: a review. Fundam
Clin Pharmacol, 1994. 8(4): p. 293-306.

10. Santamaria, J., Tolosa, E., Valles, A., Parkinson's disease with depression: a possible subgroup of
idiopathic parkinsonism. Neurology, 1986. 36(8): p. 1130-3.

11. Shiba, M., Bower, J.H., Maraganore, D.M., McDonnell, S.K., Peterson, B.J., Ahlskog, J.E., Schaid, D.J.,
Rocca, W.A., Anxiety disorders and depressive disorders preceding Parkinson's disease: a case-control
study. Mov Disord, 2000. 15(4): p. 669-77.

12. Lou, J.S., Kearns, G., Oken, B., Sexton, G., Nutt, J., Exacerbated physical fatigue and mental fatigue in
Parkinson's disease. Mov Disord, 2001. 16(2): p. 190-6.

13. van Eijk, M.E., Bahri, P., Dekker, G., Herings, R.M., Porsius, A., Avorn, J., de Boer, A., Use of
prevalence and incidence measures to describe age-related prescribing of antidepressants with and
without anticholinergic effects. J Clin Epidemiol, 2000. 53(6): p. 645-51.

14. van Marwijk, H., Grundmeijer, H., Brueren, M., Sigling, H., Stolk, J., Van Gelderen, M., [Dutch primary
care guidelines for the treatment of depression] NHG standaard depressie. Huisarts Wet, 1994. 37(11): p.
482-90.

15. Mamo, D.C., Sweet, R.A., Mulsant, B.H., Pollock, B.G., Miller, M.D., Stack, J.A., Begley, A.E.,
Reynolds, C.F., 3rd, Effect of nortriptyline and paroxetine on extrapyramidal signs and symptoms: A
prospective double-blind study in depressed elderly patients. Am J Geriatr Psychiatry, 2000. 8(3): p. 226-
31.

16. Van de Vijver, D.A.M.C., Roos, R.A.C., Jansen, P.A.F., Porsius, A., de Boer, A., Start of selective
serotonin reuptake inhibitor (SSRI) and increase of antiparkinsonian drug treatment in patients on
levodopa. Br J Clin Pharmacol. In press.



104



      Chapter 4.3

105

CHAPTER 4.3

Extrapyramidal syndromes associated with
cinnarizine and flunarizine

I. Schillevoort1, A. de Boer1, R.A.C. Roos2, P.A.F. Jansen3, H.G.M. Leufkens1

1. Department of Pharmacoepidemiology & Pharmacotherapy, Utrecht Institute for
Pharmaceutical Sciences (UIPS), Utrecht University, Utrecht, the Netherlands

2. Department of Neurology, Leiden University Medical Centre, Leiden, the Netherlands

3. Department of Geriatrics, University Medical Centre, Utrecht, the Netherlands



      Chapter 4.3

106

ABSTRACT

Aim To evaluate the association between cinnarizine (Cz) and flunarizine (Fz) and extrapyramidal

syndromes (EPS), as measured by the use of antiparkinsonian medication, and to study possible risk

factors.

Method Data for this case-control study was obtained from the PHARMO-database, containing

filled prescriptions of 450.000 outpatients in the Netherlands from 1986 through 1998. We selected

cases, being patients newly prescribed antiparkinsonian medication, and three matched controls per

case. We assessed the use of Cz and Fz in the 90 days prior to the index date and calculated odds

ratios using logistic regression, adjusting for relevant cofactors.

Results We identified 1,330 cases prescribed antiparkinsonian medication and 3,942 matched

controls. Patients using Cz or Fz were more likely to receive antiparkinsonian medication than non-

users (odds ratio 3.0, 95% confidence interval 2.1-4.2 and 17.1, 9.5-30.8, respectively). The use of

antiparkinsonian medication was already elevated with low doses of Cz/Fz, and increased with

increasing dose and duration of use. Age and gender did not affect risk estimates.

Conclusion Fz more than Cz is associated with an increased risk of EPS, even when prescribed at

low doses. Dose and duration of use are strong risk factors. These drugs should be used with

caution.
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INTRODUCTION

Parkinsonism and other extrapyramidal syndromes (EPS) are frequently encountered in neurologic,

psychiatric and general practice. While EPS is often idiopathic, the differential diagnosis also

includes secondary forms with known causing or contributing factors [1]. Probably the most

common of these is medical prescription. As much as one third to over one half of the cases of

parkinsonism may be related to drug use [2-4]. Antipsychotics are well-known for their potential to

cause EPS, but many other drugs are also implicated. Among these are cinnarizine (Cz) and its

difluorinated derivative flunarizine (Fz) [5], both calcium channel-entry blockers with structural

similarity to some antipsychotic drugs. Cz and Fz are most commonly used for motion sickness,

vascular disease (Cz), vertigo, dizziness (Cz and Fz) and migraine prophylaxis (Fz). The large

number of case reports published from 1986 onwards seem to have established the causal

relationship between the use of these drugs and the occurence of EPS [6]. However, considering

that Cz and Fz are especially used by elderly patients who may also develop EPS without the use of

such medication, it would be relevant to compare the risk of EPS between users and non-users of

Cz/Fz. Surprisingly, such comparative studies –relying on either prescription analysis or

postmarketing surveillance- found no association between Fz use and EPS [7, 8]. However, since

especially in non-elderly patients this side effect is thought to be rare (<0.5%) [9], these results may

be explained by limited sample sizes.

Therefore, we studied to what extent patients using Cz or Fz are more likely to develop EPS than

patients not using these drugs -as measured by the start of antiparkinsonian medication- in a large

outpatient population. Second, we studied whether this association was affected by certain patient or

treatment characteristics.

METHODS

Source
Data for this population-based case-control study was obtained from the PHARMO system, a

database that includes information on drug-dispensing records for all 450.000 residents of 11 Dutch

cities. The computerized drug-dispensing records are obtained from outpatient pharmacy files.

Since virtually all patients in the Netherlands designate a single pharmacy to fill prescriptions from

GPs or medical specialists, the PHARMO system provides a complete record of the prescription

history of outpatients. In the Netherlands, prescription records are a reliable source for drug

exposure measurement [10]. For every dispensed prescription drug the database contains

information on the sex and date of birth of the patient, the dispensed drug, prescriber, dispensing

date, amount dispensed and the prescribed dose regimen. All patients and prescribers in the

database are anonymous. The duration of use of each dispensed drug is estimated by dividing the

number of dispensed tablets by the prescribed number of tablets to be used per day. Thus, for each

patient in the system drug exposure can be ascertained on a day-to-day basis [11]. The PHARMO

system has previously been used to study various types of drug-related morbidity [12, 13], including

antipsychotic-induced EPS [14]. The latter yielded results comparable to randomized clinical trials.

For this study we used all available data from January 1, 1986 till December 31, 1998.
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Selection of cases and controls
Since antiparkinsonian medication is specifically indicated for treatment of EPS, these drugs are

often used to identify patients with EPS in epidemiological studies [2, 14]. We identified incident

cases of EPS as patients with a first recorded prescription of antiparkinsonian medication, either

anticholinergic or dopaminergic. We did not include women prescribed bromocriptine alone (i.e.

without other EPS medication), since this drug is also used for suppression of lactation, nor patients

prescribed amantadine alone, since this drug may also be used for several other indications,

including influenza prophylaxis, dementia or multiple sclerosis. For each case patient we randomly

selected three controls from the PHARMO database, matched on age, gender, pharmacy and

calendar time. All patients were assigned an index-date, being the date of first recorded use of

antiparkinsonian medication for cases and the same date for the matched controls. We did not

include patients younger than 15, patients who were enrolled in the PHARMO-system for less than

one year prior to the index date or patients who had used antipsychotic medication or lithium at any

time during their enrollment in the PHARMO system.

Exposure definition
We assessed the use of Cz and Fz among cases and controls by examining all their drug-dispensings

in the 365 days prior to the index date. Furthermore, to study whether the underlying condition for

which these drugs are being prescribed is associated with EPS-treatment, we also assessed the use

of betahistine (Bh). Like Cz and Fz, Bh is used for treatment of dizziness/vertigo. However, Bh is

not a calcium channel blocker, is structurally unrelated to antipsychotic drugs and is not known to

be related to EPS.

We subdivided patients using Cz, Fz or Bh into “current users” and “past users”. Current users were

patients who had filled a prescription of Cz, Fz or Bh before the index date with a supply of drug

that ended 90 days or less before the index date or after the index date. Past users were those whose

most recent prescription ended somewhere between 90 and 365 days before the index date. All

patients without prescriptions for Cz, Fz or Bh in the 365 days prior to the index date were

classified as non-users.

For current users of Cz and Fz we also studied the effects of dose and duration of use. To study

whether the risk of Cz/Fz-induced EPS was dose-related, the prescribed daily dose (PDD) of the last

prescription filled before the index date was expressed as a fraction of the defined daily dose

(DDD), being 90 mg for Cz and 10 mg for Fz [15]. Users of Cz and Fz were grouped into low dose

(PDD/DDD <0.50), medium dose (0.50 ≤ PDD/DDD < 1.00) and high dose (PDD/DDD ≥1.00). We

estimated the duration of use by calculating the total days of supply of these drugs in the 365 days

before the index date. Patients were categorized as having 30 or fewer days, 31 to 180 days, or 180

or more days of drug use in the year before the index date.

Statistical analysis
To estimate the association between the use of Cz, Fz and Bh and starting with antiparkinsonian

medication, we calculated crude and adjusted odds ratios and their 95% confidence intervals using

unconditional logistic regression (SPSS for Windows, release 9.0.0). For all risk estimates, patients

not using Cz, Fz or Bh were taken as the reference category. All models were adjusted for age,
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gender, pharmacy, calendar time and use of benzodiazepines, selective serotonin reuptake

inhibitors, other antidepressants and metoclopramide within 90 days before the index date.

RESULTS

We identified 1,330 incident users of antiparkinsonian medication (cases) and 3,942 control patients

who fulfilled the inclusion criteria for our study. Median age of cases and controls was 73 years. Of

the cases, 64 were current users of Cz (4.8%) and 69 of Fz (5.2%), compared to 74 (1.9%) and 14

(0.4%) of the control patients, respectively. This yielded that current users of Cz were three times

more likely to receive antiparkinsonian medication than non-users (adjusted odds ratio 3.0, 95%

confidence interval 2.1-4.2). Users of Fz were more than seventeen times more likely to start EPS-

medication (17.1, 9.5-30.8) (table 1). Current use of Bh was not associated with the start of

antiparkinsonian medication (odds ratio 0.9, 0.5-1.5).

Table 1 Exposure to cinnarizine, flunarizine and betahistine among users of antiparkinsonian

medication (n=1,330) and control patients (n=3,942)

Exposure category Cases

(n=1,330)

Controls

(n=3,942)

Crude OR

(95% CI)

Adjusted OR

(95% CI)*

No use of cinnarizine, flunarizine or

betahistine†

1,124 3,670 1.0 1.0

Current use¶

• Cinnarizine 64 74 2.8 (2.0-4.0) 3.0 (2.1-4.2)

• Flunarizine 69 14 16.1 (8.8-30.0) 17.1 (9.5-30.8)

• Betahistine 16 62 0.8 (0.5-1.5) 0.9 (0.5-1.5)

Past use¶

• cinnarizine 14 68 0.7 (0.4-1.2) 0.7 (0.4-1.2)

• flunarizine 10 9 3.6 (1.4-9.7) 4.0 (1.6-10.0)

• betahistine 17 36 1.5 (0.8-2.8) 1.5 (0.8-2.7)

Abbreviations: OR = odds ratio, CI = confidence interval

* adjusted for age, gender, pharmacy, calendar time, concurrent use of benzodiazepines, selective serotonin

reuptake inhibitors, other antidepressants and metoclopramide

† reference group

¶ patients using a combination of cinnarizine, flunarizine or betahistine were excluded (current users: 14 cases, 7

controls; past users: 2 cases, 2 controls)
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Past use of Cz did not show an increased risk (table 1). However, past use of Fz still was associated

with initiation of antiparkinsonian therapy (odds ratio 4.0, 1.6-10.0). Within this subgroup, this

association was strongest when the last prescription prior to the index date was more recent (i.e. 90-

180 days before the index date, odds ratio 11.0, 2.2-54.9), but approached unity when this

prescription ended longer ago (1.4, 0.3-7.3).

Age had no influence on the observed associations, neither for Cz (age <65: 3.8, 1.1-8.6; age 65-74:

3.2, 1.6-6.1; age ≥75: 3.1, 1.9-4.8) nor Fz (age <65: not estimable; age 65-74: 16.8, 5.6-50.4; age

≥75: 17.8, 8.8-36.2). Gender also had no clear effect on risk estimates of Cz (men: 4.1, 2.3-7.3;

women: 2.5, 1.6-4.0) and Fz (men: 15.2, 4.3-53.7; women: 18.6, 9.6-36.3). The use of

antiparkinsonian medication was already elevated with low doses of Cz and Fz, and increased with

increasing dose and duration of use (table 2). However, while for Cz an increased use of

antiparkinsonian medication only became apparent after 30 days of continuous use, Fz showed an

increased use immediately after initiation of medication.

When looking at the antiparkinsonian drug treatment of current users of Cz and Fz, we observed

this was chronic (i.e. ≥180 days in the first year) in 65.6.% and 66.7% of the cases, respectively.

Fourty-four percent (43.8%) of the current users of Cz and 52.2% of Fz refilled a prescription for

Cz/Fz in the first 90 days after starting antiparkinsonian medication, suggesting that in these cases

prescribing of Cz/Fz was not or only temporarily discontinued after extrapyramidal syndromes

occurred.

DISCUSSION

We found that both cinnarizine and flunarizine are associated with the occurence of extrapyramidal

syndromes, as measured by the use of antiparkinsonian medication. This association was

considerably stronger with Fz than with Cz (odds ratio 17.1 vs 3.0, respectively). While for Cz the

increased prescribing of antiparkinsonian medication only became apparent after 30 days of use and

disappeared shortly after discontinuation of medication, with Fz it was more acute and persisted

longer after discontinuation. Risks were already elevated with low doses of Cz and Fz and increased

with increasing dose and duration of use. Unlike suggested by previous case series, we observed no

clear effect of age [16] or gender [17, 18] on risk estimates. In agreement with the persistence of

symptoms found in other studies [17, 19], antiparkinsonian medication that was initiated during

Cz/Fz-treatment often was chronic.

We used prescriptions of antiparkinsonian medication to identify extrapyramidal syndromes in our

study population. While these drugs are unlikely to be prescribed for other reasons than EPS, this

marker will not have identified all patients with these symptoms. First, EPS may have gone

unnoticed by the treating physician. Second,  if correctly diagnosed, EPS may also have been

treated by dose reduction, switching or discontinuation of the offending medication. Thus, the

observed effect measures may be underestimates of the true relative risks. While we could not

assess the degree of underestimation, we have no reason to assume it differed between Cz and Fz or

between different subgroups.
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Table 2 Dose and duration of use of cinnarizine and flunarizine among users of antiparkinsonian

medication (n=1,330) and control patients (n=3,942)

Exposure category Cases

(n=1,330)

Controls

(n=3,942)

Crude OR

(95% CI)

Adjusted OR

(95% CI)*

No use of cinnarizine, flunarizine or

betahistine†

1,124 3,670 1.0 1.0

Prescribed daily dose of cinnarizine

(PDD/DDD) ¶¥

• <0.50 10 13 2.5 (1.0-6.1) 2.7 (1.2-6.1)

• 0.50-0.99 44 55 2.6 (1.7-4.0) 2.7 (1.8-4.1)

• ≥1.00 10 3 10.9 (2.8-49.8) 12.2 (3.3-44.5)

Prescribed daily dose of flunarizine

(PDD/DDD) ¶¥

• <0.50 0 0 - -

• 0.50-0.99 21 10 6.9 (3.1-15.6) 7.4 (3.4-15.8)

• ≥1.00 47 3 51.2 (15.3-206.1) 52.8 (16.6-167.5)

Duration of cinnarizine use¶

• <30 days 9 22 1.3 (0.6-3.1) 1.3 (0.6-2.8)

• 30-179 days 20 19 3.4 (1.8-6.7) 3.8 (2.0-7.2)

• ≥180 days 35 33 3.5 (2.1-5.7) 3.7 (2.3-6.0)

Duration of flunarizine use¶

• <30 days 2 1 6.5 (0.5-181.8) 6.9 (0.6-76.6)

• 30-179 days 8 2 13.1 (2.6-89.0) 12.9 (2.7-61.6)

• ≥180 days 59 11 17.5 (8.9-35.4) 18.9 (9.8-36.4)

Abbreviations: OR = odds ratio, CI = confidence interval, PDD = prescribed daily dose, DDD = defined daily

dose [15]

* adjusted for age, gender, pharmacy, calendar time, concurrent use of benzodiazepines, selective serotonin

reuptake inhibitors, other antidepressants and metoclopramide

† reference group

¶ current users only

¥ dosis information was not available for 3 users of cinnirazine and 2 users of flunarizine

Results may have been biased when the underlying disease for which patients were being treated

with Cz or Fz is associated with the occurence of EPS. In the Netherlands, Cz is labelled for

treatment of vertigo, motion sickness and allergic disorders, while Fz is indicated for treatment of

vertigo and migraine prophylaxis. Previous study suggests dizziness is more frequent in patients
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with Parkison’s disease (PD) than in healthy controls [20]. Thus, patients presenting with dizziness

may include some who are in an early stage of PD. In addition, initial symptoms of PD may also

include postural instability, which could be misdiagnosed as vertigo or dizziness. However, we

found no association between the use of Bh -also used in treatment of vertigo and dizziness- and

antiparkinsonian drug treatment, indicating that vertigo/dizziness itself is not associated with EPS.

Additional analysis also showed no association between the use of migraine drugs other than Fz and

EPS (data not shown). Taken together, this kind of “confounding by indication” seemed unlikely.

Despite the many case reports of Cz/Fz-induced EPS, to our knowledge so far only two studies have

tried to quantify the risk of EPS associated with these drugs. Within a group of 777 Fz recipients,

Petri et al. compared the rate of antiparkinsonian drug prescribing during periods of use and non-use

of Fz and observed no difference [7]. However, this study design may have introduced bias, since

Fz-induced EPS may also be treated some time after discontinuation of Fz (i.e. during non-use of

Fz), as indicated by our study. Second, a postmarketing study including over 1,600 Fz users only

observed two cases of EPS [8]. In both studies the sample size is likely to have been too small,

given the age of the study population (mean age 56 and 51 years, respectively) and the estimated

low incidence of Fz-induced EPS in these younger patients (<0.5%) [9]. In our study population,

mean age of current users of Cz/Fz was 76 years.

Cz and Fz belong to the group of calcium-entry blockers. Several lines of evidence suggest that this

feature may contribute to the occurrence of EPS [6]. In addition, both Cz and Fz show structural

similarity with some phenothiazine-like antipsychotic drugs [5], suggesting a common mechanism

of inducing EPS. Indeed, SPECT-study showed that -as with antipsychotics- Cz/Fz-induced EPS is

most likely to result from striatal D2 receptor blockade [21]. Because of its fluorination, Fz is more

lipophilic than Cz, resulting in easy crossing of the blood-brain barrier and a consequently higher

concentration in the CNS [22] and in a much longer half-life (19 days [23], versus 3 hours for Cz

[24]). Together, these characteristics are likely to explain the more acute effect of Fz, the higher

risk, and the persistence of an increased risk after discontinuation of treatment.

In conclusion, clinicians should be aware of extrapyramidal syndromes during both initial and

maintenance treatment with Cz and Fz, even when prescribed at low doses. Furthermore,

assessment of possible causes of EPS should include a thorough review of patients’ drug use

history. Whenever possible, the use of Cz or Fz should be discontinued upon appearance of EPS,

though especially with Fz symptoms may not subside immediately. Prescribing of these drugs

should be well-considered, since their potential to induce EPS is considerable and may be the start

of long-term morbidity.
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  CHAPTER 5

Summary and general discussion
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BACKGROUND

Drug-induced extrapyramidal syndromes (EPS) are a group of movement disorders that include

parkinsonism, dysthonia, akathisia and dyskinesia. One of the first documented reports of drug-

induced EPS was published in 1954 and involved chlorpromazine [1]; similar observations were

seen with all other antipsychotic drugs (APDs) thereafter. All these drugs share a striatal

antidopaminergic activity, suggesting this to be the underlying mechanism. In addition to APDs,

over the years several other drugs have been strongly implicated with EPS, including

metoclopramide [2], prochlorperazine [3], cinnarizine [4] and flunarizine [5]. In addition, case

reports have described the occurrence of EPS with numerous other drugs.

EPS can be severely disabling, limiting patients in their daily activities and affecting their well

being. As a result, these side effects can have a substantial negative impact on treatment adherence

and treatment outcome [6, 7]. Thus, minimizing the occurrence of drug-induced EPS is of clear

importance. This can be achieved by increasing physicians’ and pharmacists’ awareness of drug-

induced EPS and by identifying possibilities for prevention. This requires information about: 1)

which drugs are implicated with EPS; 2) the frequency of occurrence with each of these drugs, and

3) which patients are most susceptible for drug-induced EPS. The aim of this thesis was to quantify

the risk of drug-induced EPS for drugs commonly associated with this side effect and to quantify

the influence of specific risk factors.

MAIN FINDINGS

Review of the literature
Literature review showed that of the large number of drugs that have been reported to induce

parkinsonism, antipsychotic drugs (APDs), selective serotonin reuptake inhibitors (SSRIs) and

calciumantagonists (CAs) seem to be implicated most often (chapter 2.1). However, for all three of

these groups, several issues have remained unresolved. For APDs, this includes the effect of

different risk factors, in particular type of drug and genetically impaired drug metabolism. For

SSRIs and CAs, the causal relationship suggested by case reports had not yet been confirmed in

controlled studies. As a result, both the strength of the association and risk factors were yet to be

established. These issues were the focus of this thesis.

Use of antiparkinsonian medication as a marker for EPS
We used several large databases to study the epidemiology of drug-induced EPS, most of which are

based on inpatient or outpatient pharmacy dispensing records. In the Netherlands, while such data

sources generally provide accurate information on medication use, they often contain no data on

clinical measures such as EPS. Therefore, the occurrence of EPS was derived from the use of

antiparkinsonian medication, which in the Netherlands is specifically indicated for treatment of

EPS. This method has been used previously in both randomized and observational studies [8, 9].

We evaluated the validity of this marker in an observational setting in the Netherlands by

calculating its positive predictive value, sensitivity and specificity using the Integrated Primary Care

Information (IPCI) database, containing both prescription and clinical data (chapter 2.2). This

showed that, within a cohort of APD users, 90% of the patients treated with anticholinergic
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antiparkinsonian medication had symptoms of EPS. While the specificity was also high (0.98),

many patients with EPS did not receive antiparkinsonian medication, resulting in a low sensitivity

(0.32). These results indicate that antiparkinsonian medication can be validly used to identify

patients with EPS. However, a considerable proportion of patients with EPS will not be identified

using this marker, making it inappropriate for estimating absolute frequencies. While

extrapyramidal syndromes that go undiagnosed or untreated with antiparkinsonian medication are

likely to represent milder cases [10], this underestimation requires careful consideration when

comparing the risk of EPS between two drugs.

Risk factors for antipsychotic-induced EPS
1. Type of drug

While APDs are well-known for their potential to induce EPS, differences between drugs have been

observed. In particular, numerous randomized controlled trials (RCTs) have shown that newer

atypical APDs such as clozapine, risperidone and olanzapine are less likely to induce EPS than

haloperidol, the standard of care [11-13]. Thus, type of drug is considered a strong risk factor for

APD-induced EPS. However, several lines of evidence suggest this difference is artificial and

results from non-equivalent dose comparisons that were made in these trials [14].

In this thesis, a series of studies compared the occurrence of EPS between atypical and conventional

APDs in clinical practice. Since in clinical practice dosing will be based on therapeutic effect, it is

likely to be less disproportionate than in previous RCTs. Any difference in dosing that might have

existed (for instance due to differences in diagnoses) was adjusted for in the analysis. In the first of

these studies we observed similar risks of EPS for atypical and conventional APDs among patients

treated in a large psychiatric hospital (chapter 3.1). This suggested that results from previous trials

have been strongly biased by non-equivalent dose comparisons. However, an alternative

explanation for the discrepancy between results from our study and previous trials could be a bias in

the first, in particular a difference in prognostic factors between the two treatment groups: due to

their claim of a reduced risk of EPS, atypical APDs are likely to be selectively prescribed to patients

more susceptible to this side effect, i.e. those who have experienced EPS before. This phenomenon

is known as confounding by indication [15] or confounding by prognosis [16, 17]. Unfortunately, in

this study we had no information on patients’ treatment history prior to admission to the clinic,

making it difficult to assess such selective prescribing. Nevertheless, confounding by indication has

been observed for a wide number of drug groups [15-23] and is also likely to play a role with APDs.

Indeed, this was confirmed in later study (chapter 3.3, table 1). Thus, further study had to focus on

eliminating this potential confounding effect.

As with other confounders, confounding by indication can be dealt with either by restriction,

matching, stratification or statistical adjustment. In the first of two subsequent studies, the study

population was restricted to APD-naive patients. Here, selective prescribing is unlikely, since prior

to APD treatment a patient’s susceptibility to EPS is yet unknown. In this cohort we compared the

occurrence of EPS between risperidone and several conventional APDs, both the high potency

APDs studied in previous RCTs and the low potency APDs such as thioridazine, which are less

likely to induce EPS than high potency drugs and had not been studied previously (chapter 3.2).
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With regard to high potency APDs, results were very similar to trials, despite the difference in

selected patients, drug dosing and treatment setting between our study and RCTs: risperidone

showed a lower risk of EPS compared to haloperidol and zuclopenthixol (though not significant for

the latter) but not compared to perphenazine. Interestingly, risperidone did not show fewer EPS than

the low potency APDs thioridazine and pipamperone, both of which are still widely used in the

Netherlands.

In addition to restriction, confounding by indication was also addressed by stratifying patients based

on prognostic factors, defined as prior use of antiparkinsonian medication (chapter 3.3). Comparing

the occurrence of EPS for both risperidone and olanzapine with haloperidol showed reduced risks

similar to trial results in all strata but one. We did not observe a reduced risk with risperidone

among patients who had received antiparkinsonian medication in the past. This suggests that, while

risperidone is prescribed selectively to patients with a history of EPS, these are the patients least

likely to benefit from it!

2. Past antipsychotic-induced EPS

While not studied in this thesis, we wish to emphasize the importance of past experience of APD-

induced EPS. It has been identified as a risk factor for future EPS in a previous study [24],

explaining why the observed difference in past EPS between users of conventional and atypical

APDs can bias their comparison in observational studies. As described above, we observed that

among patients with a history of EPS, the relative safety of the atypical APD risperidone compared

to conventional drugs in terms of EPS might be different from that in patients without such history.

3. Cytochrome P450-2D6 (CYP2D6) genotype

This thesis, as well as previous studies found dosage to be a strong risk factor for antipsychotic-

induced EPS (chapter 3.2) [9]. As a result, factors that influence plasma levels may also affect the

risk of EPS. One such factor that received much attention in recent years is mutations in the gene

coding for cytochrome P450 2D6 enzyme (CYP2D6), which is responsible for the metabolic

elimination of several APDs [25]. While patients who are homozygous for non-functional CYP2D6

alleles (“poor metabolizers”, PMs) have higher plasma levels of APDs than those homozygous for

the wildtype allele (“extensive metabolizers”, EMs) [26], studies that investigated the association

between such mutations and the occurrence of EPS found conflicting results. We suggested this

could partly be explained by the fact that several of these studies included APDs that are not

metabolized by the CYP2D6 enzyme. Therefore, we compared the occurrence of APD-induced EPS

between poor and extensive metabolizers, stratifying on whether the prescribed APD is metabolized

by CYP2D6 or not. We observed that among patients using an APD metabolized by CYP2D6, poor

metabolizers were more than four times more likely to start with antiparkinsonian medication than

extensive metabolizers, while an increased risk was not observed for patients using APDs not

metabolized by CYP2D6 (chapter 3.4). Thus, CYP2D6 genotype is a clear risk factor for APD-

induced EPS.

Other drugs associated with EPS
Of the numerous published case reports on drug-induced EPS, selective serotonin reuptake

inhibitors (SSRIs) and the calciumantagonists cinnarizine (Cz) and flunarizine (Fz) seem to be
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implicated most often. While case reports generally are not suitable for making causal inferences,

especially for Cz and Fz their potential to induce EPS seems to be well established. Nevertheless,

controlled studies are needed to quantify the risk and to assess non-causal explanations for the

presumed association (i.e. confounding).

1. Selective Serotonin Reuptake Inhibitors

With regard to the association between SSRIs and EPS, two issues are of particular importance. The

first question is whether SSRIs are more likely to induce EPS than other antidepressants, some of

which have also been implicated with EPS [27]. Second, since depression can be a prodrome of

Parkinson’s disease, the underlying disease may partly explain the association between SSRIs and

EPS. We used data of spontaneously reported adverse drug reactions (ADRs) as well as prescription

data to address these issues. In the first study we observed that, relative to other antidepressants, the

use of SSRIs was two times more frequent in reports of EPS than in reports of other ADRs (chapter

4.1). Since published case reports may have selectively stimulated reporting of SSRI-induced EPS,

we hypothesized this risk is likely to be an upper bound estimate of the true relative risk. However,

analysis of prescription data yielded a somewhat stronger effect of SSRI-use: while SSRI-users

were six times more likely to start antiparkinsonian treatment than non-users, patients using other

antidepressants showed a (non-significant) relative risk of 1.6 (chapter 4.2). In addition, a two fold

increase in risk was observed with past use of antidepressants (though not significantly), suggesting

that the underlying disease (i.e. depression) is associated with EPS.

2. Cinnarizine and Flunarizine

While from 1985 onwards the association between the calciumantagonists Cz and Fz and the

occurrence of EPS has been widely described in the literature, the presumed association could not

be corroborated in two previous controlled studies among non-elderly patients [28, 29]. As a result,

neither risk estimates nor risk factors have been established. Studying an elderly population, we

observed that Cz and especially Fz is strongly associated with EPS compared to people not using

such medication (odds ratio 3.0 and 17.1, respectively) (chapter 4.3). Although age and gender were

suggested to be risk factors based on case series, this was not observed in our study. However, the

risk strongly increased with increasing dose and duration of use. Interesting, while Cz and Fz only

differ from each other structurally in their fluorination, this results in considerable pharmacokinetic

and pharmacodynamic differences [30, 31] that are closely reflected by markedly different risk

profiles, both in terms of onset, magnitude and duration of effect.

METHODOLOGICAL CONSIDERATIONS

The main question in interpreting the results of observational studies is to what extent results have

been affected by bias. In general, three types of biases can be distinguished: selection bias,

information bias and confounding. We will discuss the effect each of these may have had on the

main results of this thesis.

Selection bias
Selection bias occurs when selection of the study population is not independent of the outcome (in

cohort studies) or the exposure (in case control studies) [32]. As a result, when considering a case-
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control study, the exposure in the study population will be different from that in the source

population from which the study population was drawn. For example, in this thesis the relative use

of SSRIs may have been higher in spontaneouly reported cases of EPS than in EPS cases in the

general population, because published case reports may have selectively stimulated reporting of

SSRI-associated EPS. However, since in other studies data was obtained from population-based

registries, the study population comprises all patients in the source population, rather than a

selection thereof. Thus, selection bias is unlikely.

Information bias
Information bias can be defined as error that arises from systematic differences in the way

information on exposure, disease or confounders is collected [32]. In this thesis, data was obtained

mainly from automated prescription databases. While such data collecting proces may not be very

susceptible to bias, this does not guarantee the validity of the data being collected. In the

Netherlands, prescription records have been found to be a reliable source for drug exposure

measurement [33], allowing ascertainment of patients’ prescribed drug use on a day-to-day basis.

Nevertheless, both exposure and outcome may have been misclassified.

Especially in patients using APDs, a likely cause of exposure misclassification is an alternating

outpatient and hospitalized treatment. Since in the studies described in this thesis, data was obtained

from either community or hospital pharmacies, prescription data will be incomplete for patients

receiving both inpatient and outpatient treatment. This problem is most relevant in chapter 3.2 and

3.3, where different APDs were compared in an outpatient setting. Here, follow-up was censored

when a patient did not refill an APD prescription for more than 30 days (chapter 3.2) or 60 days

(chapter 3.3), since in that case exposure to medication could no longer be measured. Such

censoring is accounted for in the Cox proportional hazards model, provided that it is independent of

the study outcome. Assuming that the major causes of censoring are hospitalization and termination

of treatment, this requirement is likely to be met.

A second problem in these studies was that patients who were identified as newly treated may in

fact have received their initial medication during prior hospitalization, which was then continued by

the GP. Since the PHARMO database does not contain information on inpatient drug prescriptions,

such prior treatment would go unnoticed in our study. In this initial treatment phase, patients may

already have been selected towards certain APD medication based on the occurrence of EPS.

Unfortunately, the nature of our data did not allow us to assess whether such selection occurred

more frequently with certain APDs than with others, thus introducing bias.

Another problem with measuring exposure is treatment noncompliance, which especially with

chronic medication can be substantial [34] and may have reduced the occurrence of EPS. While we

had no information on the compliance in our datasources, external data indicates a slightly higher

compliance rate with SSRIs than with other antidepressant drugs [35, 36], suggesting the

occurrence of EPS with SSRIs relative to other antidepressants may have been overestimated in our

studies. Unfortunately, such external data is not available for low dose APDs, and we can not

exclude any differences in noncompliance between the drugs compared in our studies.
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In this thesis the occurrence of EPS was inferred from the prescribing of antiparkinsonian

medication. Given the complexity and diversity of these symptoms, using this antiparkinsonian

medication as the outcome measure in our studies may be seen as an oversimplification of a patients

disease state. The use of this measure was dictated by the constraints of our datasources. However,

even in studies where a more detailed measure of EPS is available, this is often dichotomized for

ease of analysis and interpretation [37, 38].

The validation study in chapter 2.2 showed that 90% of the patients who received antiparkinsonian

medication during APD treatment indeed had EPS. However, only a small percentage of all the

patients with EPS receive antiparkinsonian drugs. The majority of patients is treated either by dose

reduction, switching or stopping of the drug causing the symptoms, or are not treated at all, and will

not be identified by this marker. In addition, although not observed in the small sample of this

validation study, akathisia may also be treated with beta-blockers or benzodiazepines [39].

Furthermore, antiparkinsonian medication is contraindicated for treatment of tardive dyskinesia [40]

and therefore is unlikely to be a marker for this type of EPS. As a result of all these factors, the

occurrence of EPS is most likely to be underestimated in our studies. By definition,

antiparkinsonian medication will only have identified those occurrences of acute EPS that were

considered severe enough –either by the patient or the physician- to warrant treatment. Thus, our

results are likely to reflect only more severe cases of EPS. Sensitivity analysis in our studies

comparing individual APDs showed that results do not change when switching was taken as a

marker for EPS. While this observation argues against bias due to underestimation of EPS, it cannot

be completely ruled out.

Confounding
Confounding can be defined as a bias in the crude measure of association that is due to a factor that

is associated with the exposure, is an independent risk factor for the outcome and is not in their

causal pathway [32]. Of particular importance in observational studies on known side effects is

confounding by indication, a bias resulting from differences in prognostic characteristics between

the compared treatment groups [16]. Since many RCTs showed that atypical APDs are less likely to

cause EPS, in practice these drugs may be prescribed particularly to patients most susceptible to this

side effect. This prescribing pattern is confirmed in one of our studies (chapter 3.3, tabel 1). As a

result of this, drugs that have been shown beneficial in RCTs may appear less so in clinical practice.

This may partly explain why we observed similar risks of EPS between atypical and conventional

APDs in our initial study (chapter 3.1).

In general, confounding can be controlled in the design of the study -through randomization,

restriction or matching- or in the analysis of the study –through standardization, stratification or

multivariate analysis. We used both restriction and stratification to account for confounding by

indication: since selective prescribing of atypical APDs is likely to be triggered by a patient’s past

EPS, the study population was either restricted to APD-naive patients (chapter 3.2) –who are

unlikely to have experienced EPS previously- or stratified based on prior antiparkinsonian drug use

(chapter 3.3).
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IMPLICATIONS OF THE STUDY RESULTS

Implications for practice
This thesis showed that type of drug, drug dosage and a genetically impaired CYP2D6 activity are

strong risk factors for drug-induced EPS. From this we can derive several recommendations to

reduce the occurrence of these adverse effects.

1. Among patients who have not previously been treated with APDs, risperidone and olanzapine

are clearly preferred over the high potency drugs haloperidol and zuclopenthixol when

avoidance of EPS is an important treatment goal. Most importantly however, several low cost

conventional APDs, including perphenazine, thioridazine and pipamperone, have an EPS

profile similar to risperidone and should be included in the list of treatment options.

2. Patients who have experienced APD-induced EPS in the past are at greater risk for future EPS

[24]. Thus, preventive measures should be considered, in particular the use of APDs that are

less likely to induce EPS. However, whether risperidone offers an advantage over haloperidol

in terms of EPS in this patient population is uncertain. Olanzapine does induce less EPS and

may be preferred.

3. A genetically impaired CYP2D6 activity is a strong risk factor for APD-induced EPS that

accounts for a substantial number of EPS cases. Thus, from a clinical perspective, genotyping

all patients who require APD medication for CYP2D6 polymorphisms prior to treatment is

worthwhile. Those who are tested to be homozygous for a non-active CYP2D6 mutant allele

(i.e. poor metabolizers) should either have their APD dosage reduced when the metabolism of

the APD depends on CYP2D6 activity or should receive an APD that is not CYP2D6-

dependent.

4. Although SSRIs were found to have a higher risk of EPS than other antidepressant drugs,

whether or not this should affect the choice of treatment may depend on the type of patient.

Since in non-elderly uncomplicated patients the absolute risk of SSRI-induced EPS is estimated

to be low (approximately 1 per 1,000 [41, 42]), only few cases will be prevented when SSRIs

are substituted with other antidepressants. However, many more patients are likely to benefit in

populations with a higher background risk, such as patients using antipsychotic medication and

the elderly. Thus, increased vigilance for EPS is warranted in patients carrying these and other

risk factors, and replacing SSRIs with other antidepressants should be considered. This also

applies to patients suffering from Parkinson’s disease, for whom SSRIs may be similarly

detrimental [43].

5. In elderly patients, cinnarizine and especially flunarizine were found to strongly increase the

risk of EPS. Since in the Netherlands these drugs are not considered first line treatment for any

of their registered indications, they may well be substituted for drugs less likely to cause EPS.

These include scopolamine or meclozine for motion sickness, betahistine for vertigo and

propranolol for migraine prophylaxis. We were not able to assess the risk of EPS with

cinnarizine and flunarizine in non-elderly patients, since the use of these drugs in this

population was very low. However, external data showed that the absolute risk among

flunarizine-users younger than 55 is low (0.5 per 1,000 [44]). Therefore, EPS does not need to

be an important determinant of drug choice.
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Implications for research
The results of this thesis raise several new issues. A first important question is whether our finding

that risperidone has no advantage over the conventional APDs perphenazine, thioridazine and

pipamperone in terms of EPS also applies to other atypical APDs, such as olanzapine, quetiapine

and ziprasidone. Second, future studies may assess whether interventions proposed in this thesis to

reduce the occurrence of EPS, in particular routine screening for CYP2D6 polymorphisms, are cost-

effective. A more general issue regards confounding by indication. As observed in this thesis with

risperidone, the relative effectiveness (or safety) of a drug may depend on patients’ disease severity.

Thus, while in observational studies differences in disease severity between patients using new and

older treatments are typically dealt with by statistical adjustment, a stratified analysis may be more

appropriate.

The results of this thesis also extend to the field of randomized controlled trials. Our results once

more stretch the importance of dosage in the occurrence of drug-induced EPS, and with that, the

need for equivalent dosing when comparing APDs. In the past, several RCTs failed to meet this

requirement and compared atypical APDs with high dose haloperidol [45, 46].  Such trials both

expose patients to sub-optimal treatment, putting them at risk for serious morbidity, and will not be

able to validly assess the added value of new treatment.

In conclusion, settings with accurate and detailed prescription data are suitable for studying drug-

induced EPS. This can be further improved when patients can be continuously followed during both

inpatient and outpatient treatment and when there is access to relevant clinical data. While we only

addressed a small number of drugs, the methods described in this thesis can also be applied to other

drugs or drug groups that have been implicated with EPS in the literature. Studying frequency and

risk factors for drug-induced EPS can identify high-risk patients. This should contribute to selecting

the appropriate medication for each individual patient and help prevent the occurrence of this side

effect, thus improving treatment adherence and treatment outcome.
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Samenvatting
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In hoofdstuk 1 van dit proefschrift wordt een beschrijving gegeven van geneesmiddel-geïnduceerde

extrapyramidale stoornissen en wordt het doel van het proefschrift uiteengezet. Extrapyramidale

stoornissen (EPS) is een verzamelnaam voor een groep bewegingsstoonissen die worden

veroorzaakt door schade in de basale kernen in de hersenen en in andere gerelateerde kernen.

Hoewel deze bewegingsstoornissen vaak het gevolg zijn van een neurodegeneratieve aandoening,

kunnen ze ook ontstaan door het gebruik van bepaalde geneesmiddelen. Onder deze geneesmiddel-

geïnduceerde extrapyramidale stoornissen wordt verstaan parkinsonisme, dystonie, akathisie en

dyskinesie. Parkinsonisme kenmerkt zich door tremoren, rigiditeit en/of bradykinesie

(bewegingsarmoede). Dystonie is een kortdurende abnormale houding die veroorzaakt wordt door

onwillekeurige contracties van agonistische en antagonistische spieren. Dit kan leiden tot een

abnormale stand van de nek, ogen, tong, gezicht, ledematen en romp. Bij akathisie is er sprake van

rusteloosheid en subjectieve bewegingsdrang. Patienten ervaren het als onmogelijk om lange tijd

achter elkaar te kunnen blijven staan of zitten, wat zich kan uiten als ijsberen, heen en weer

schommelen op een stoel, continu de benen kruisen etcetera. Tardieve dyskinesie omvat herhalende

onvrijwillige hyperkinetische bewegingen waaronder kauwen, tong-bewegingen, smakken en

grimassen.

Uit onderzoek blijkt dat eenderde tot de helft van de gevallen van parkinsonisme het gevolg is van

geneesmiddel-gebruik. EPS komt met name voor bij het gebruik van antipsychotica. Er zijn echter

nog vele andere geneesmiddelen die EPS kunnen veroorzaken. Extrapyramidale stoornissen hebben

een sterk negatieve invloed op de kwaliteit van leven van patienten. Ze zijn niet alleen

geinvalideerd, maar kunnen ook in een sociaal isolement raken. Patienten bij wie deze bijwerking

optreedt zijn tevens vaak minder therapie-trouw. Dit kan het klinische effect van een behandeling

sterk reduceren. Het verminderen van de ernst en frequentie van EPS is dan ook van groot belang

voor het slagen van een medicamenteuze behandeling waarbij EPS als bijwerking kan optreden. Dit

kan worden bereikt door preventie of door tijdige herkenning en behandeling van de symptomen.

Voor beide geldt dat kennis omtrent de geneesmiddelen die EPS kunnen veroorzaken, de mate

waarin ze dat doen en de risicofactoren essentieel zijn. Het doel van dit proefschrift is dan ook om

het risico van verschillende middelen op EPS en de invloed van bepaalde risicofactoren te

kwantificeren.

In hoofdstuk 2 komt de achtergrond van dit proefschrift aan de orde. Hoofdstuk 2.1 beschrijft een

literatuurstudie waarin wordt bekeken welke geneesmiddelen de belangrijkste veroorzakers van

EPS zijn, wat de frequentie van deze bijwerking is en wat de risicofactoren zijn. Antipsychotica,

selectieve serotonine heropname remmers (SSRIs) en calciumantagonisten komen in de literatuur

het vaakst naar voren als veroorzakers van EPS. Verschillende epidemiologische aspecten zijn

echter nog niet of niet voldoende onderzocht. Voor antipsychotica betreft dit onder andere de

invloed van het type antipsychoticum op het ontstaan van EPS en het effect van een genetische

afwijking in het enzym cytochroom P450-2D6. Voor zowel SSRIs als calciumantagonisten geldt dat

de diverse case reports van EPS nog niet gevolgd zijn door epidemiologisch onderzoek om de

sterkte van de associatie en de risicofactoren te bepalen. Deze aspecten komen in dit proefschrift

aan de orde.
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Om de epidemiologie van geneesmiddel-geinduceerde EPS te bestuderen. wordt in dit proefschrift

gebruik gemaakt van diverse grote medische gegevensbestanden. Het merendeel hiervan betreft

medicatiegegevens van openbare apotheken of ziekenhuis-apotheken. Dergelijke informatie is bij

uitstek geschikt om het gebruik van specifieke geneesmiddelen door individuele patienten te

bepalen. Deze gegevensbestanden bevatten echter veelal geen diagnoses en andere klinische

informatie. Om deze reden wordt in dit proefschrift het optreden van EPS afgeleid van het gebruik

van antiparkinson-medicatie, welke in Nederland specifiek geindiceerd is voor de behandeling van

EPS. Deze methode is eerder in verschillende andere studies gebruikt. In hoofdstuk 2.2 wordt de

validiteit van het gebruik van deze marker onderzocht met behulp van gegevens uit de Integrated

Primary Care Information (IPCI) database. Deze database bevat zowel prescriptie als klinische

gegevens. Uit deze validatie blijkt dat binnen een cohort van antipsychotica-gebruikers 90% van de

patienten die met anticholinerge antiparkinson-medicatie behandeld werden EPS had. Hoewel de

specificiteit ook hoog was (0.98), werden veel mensen met EPS niet met antiparkinson-medicatie

behandeld, met tot gevolg een lage sensitiviteit (0.32). Deze resultaten laten zien dat antiparkinson

medicatie een valide marker is om patienten met EPS te identificeren (vanwege de hoge positief

voorspellende waarde), maar niet geschikt is om bijvoorbeeld de frequentie van EPS te bepalen

(vanwege de lage sensitiviteit). Deze onderschatting van EPS betreft waarschijnlijk met name

mildere gevallen van EPS. Hier dient in de interpreatie van de verschillende onderzoeken rekening

mee gehouden te worden.

Antipsychotica zijn de bekendste veroorzakers van EPS. Verschillende gerandomiseerde

onderzoeken hebben aangetoond dat nieuwere –atypische- middelen zoals clozapine, risperidon en

olanzapine minder vaak EPS geven dan de “standaard-therapie” haloperidol. Het type

antipsychoticum is dus een sterke risicofactor voor het optreden van antipsychotica-geïnduceeerde

EPS. Er zijn echter verschillende aanwijzingen dat dit verschil in EPS ten minste ten dele te

verklaren is door niet-equivalente doserings-vergelijkingen in deze gerandomiseerde onderzoeken:

in verscheidene studies wordt een atypisch antipsychoticum vergeleken met een relatief hoge

dosering haloperidol, met als gevolg een hoge frequentie van EPS in de controlegroep .

In hoofdstuk 3 worden in een drietal studies atypische en klassieke antipsychotica vergeleken voor

wat betreft het optreden van EPS in de klinische praktijk. Aangezien hier de dosis veelal getitreerd

wordt op basis van het klinische effect (of op basis van het optreden van bijwerkingen), zullen de

verschillen in dosering tussen middelen naar verwachting minder zijn dan in veel van de eerdere

gerandomiseerde studies. Voor verschillen die er desondanks zijn –bijvoorbeeld als gevolg van

verschillen in de diagnose van patienten- wordt in de analyse gecorrigeerd. In hoofdstuk 3.1 is het

optreden van antipsychotica-geinduceerde EPS onderzocht bij patienten die behandeld werden in

een groot psychiatrisch ziekenhuis. In tegenstelling tot de resultaten van gerandomiseerde

onderzoeken worden in deze studie vergelijkbare risico’s op EPS gevonden voor patienten die

atypische en patienten die klassieke antipsychotica gebruikten. Een mogelijke verklaring voor dit

verschil is dat de resultaten van gerandomiseerde studies vertekend zijn door de niet-equivalente

doserings-vergelijkingen. Een geheel andere verklaring is echter dat in ons onderzoek gebruikers

van atypische antipsychotica van zichzelf al een hoger risico op EPS hadden, los van het gebruikte

antipsychoticum. Vanwege de claim van met name de farmaceutische industrie dat atypische
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middelen minder EPS geven dan oudere antipsychotica, worden atypische middelen mogelijk

selectief voorgeschreven aan patienten met een verhoogd risico op EPS, te weten patienten die deze

bijwerking al eerder gehad hebben. Dit fenomeen van selectief voorschrijven staat bekend als

“confounding by indication” of “confounding by prognosis”, oftewel vertekening als gevolg van

een verschil in prognose tussen de groepen die vergeleken worden. Omdat in dit onderzoek geen

informatie beschikbaar is over het geneesmiddel-gebruik van patienten voorafgaand aan hun

opname, is het niet mogelijk deze hypothese te testen. “Confounding by indication” is echter

waargenomen voor een groot aantal andere geneesmiddel-groepen en zal waarschijnlijk ook bij

antipsychotica een rol spelen. Verdere studies in dit proefschrift moeten dan ook trachten deze

vertekening te elimineren.

Net zoals bij andere vormen van confounding kan “confounding by indication” voorkomen of

gecorrigeerd worden door middel van restrictie, matching, stratificatie of statistische correctie. In

hoofdstuk 3.2 is de onderzoeks-populatie beperkt tot patienten die –voor zover in de medicatie-

gegevens was na te gaan- voor het eerst met een antipsychoticum behandeld werden. In deze

situatie is selectief voorschrijven van atypische antipsychotica onwaarschijnlijk, aangezien

voorafgaand aan behandeling onbekend is of een patient gevoelig is voor EPS. In dit cohort wordt

het optreden van EPS vergeleken tussen risperidon en verschillende hoog- en laag-potente klassieke

antipsychotica. Met name de vergelijking met laag-potente middelen is van belang, aangezien hier

nog geen gegevens over zijn en ze minder EPS geven dan de hoog-potente. Voor hoog potente

antipsychotica blijken de resultaten van dit onderzoek vergelijkbaar met die van eerdere

gerandomiseerde studies: risperidon heeft een lager risico op EPS vergeleken met haloperidol (RR

0.26; 95% BI 0.10-0.64) en zuclopentixol (RR 0.43; 95% BI 0.17-1.09), maar niet vergeleken met

perfenazine (RR 0.91; 95% BI 0.21-3.93). Een relevante nieuwe bevinding is dat risperidon geen

lager risico op EPS laat zien ten opzichte van de laag potente antipsychotica thioridazine (RR 1.73;

95% BI 0.49-6.13) en pipamperone (RR 2.50; 95% BI 0.78-8.04), welke beide nog veelvuldig

voorgeschreven worden in Nederland.

In hoofdstuk 3.3 is het optreden van EPS vergeleken tussen de atypische antipsychotica risperidon

en olanzapine enerzijds en haloperidol anderzijds. Ditmaal is de onderzoekspopulatie niet beperkt

tot nieuwe gebruikers van antipsychotica. Uit dit onderzoek komt allereerst naar voren dat atypische

antipsychotica inderdaad vaker worden voorgeschreven aan patienten met een verleden van

antipsychotica-gebruik en EPS. De vertekening die hier het gevolg van kan zijn wordt getracht te

voorkomen door patienten te stratificeren op basis van deze prognostische factor. In patienten

zonder verleden van EPS laten zowel risperidon als olanzapine een verlaagd risico op EPS zien ten

opzichte van haloperidol. Bij patienten met een verleden van EPS is voor risperidon echter geen

verlaagd risico op EPS waarneembaar (RR 1.30; 95% BI 0.24-7.18). Dit onderzoek laat zien dat,

hoewel risperidon relatief veel wordt voorgeschreven aan patienten met een verleden van EPS, juist

bij hen de minste reductie in EPS te verwachten is ten opzichte van bijvoorbeeld haloperidol.

Zowel uit dit proefschrift als uit andere onderzoeken blijkt dat dosis een sterke risicofactor is voor

het ontstaan van EPS tijdens antipsychotica-gebruik. Factoren die van invloed zijn op de

bloedspiegel zullen daarom waarschijnlijk ook het risico op EPS beinvloeden. Een onderwerp dat
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de laatste jaren veel aandacht heeft gehad is de rol van het cytochroom P450 2D6 enzym

(CYP2D6), wat verantwoordelijk is voor de eliminatie van verschillende antipsychotica. Mutaties in

het gen dat codeert voor dit enzym kunnen leiden tot een verminderd actieve of inactieve vorm van

CYP2D6. Onderzoek heeft aangetoond dat mensen die homozygoot zijn voor het niet-functionele

CYP2D6 allel (zogenaamde “poor metabolizers”) hogere bloedspiegels hebben dan mensen die

homozygoot zijn voor het wild-type allel (“extensive metabolizers”). Desondanks hebben studies

naar het verband tussen dergelijke mutaties en het optreden van EPS tegenstrijdige resultaten

opgeleverd. Dit zou deels verklaard kunnen worden door het feit dat verscheidene van deze studies

ook patienten hebben geïncludeerd die antipsychotica gebruiken die niet via dit enzym worden

afgebroken. In hoofdstuk 3.4 is het optreden van EPS tijdens antipsychotica-gebruik vergeleken

tussen “poor metabolizers” en “extensive metabolizers”. Hierbij is de patienten-populatie

onderverdeeld in patienten met een middel dat wel en patienten met een middel dat niet via

CYP2D6 wordt afgebroken. Dit onderzoek laat zien dat in de groep patienten die een

antipsychoticum gebruiken dat wordt afgebroken door CYP2D6, “poor metabolizers” een meer dan

vier maal zo hoge kans hebben op EPS dan “extensive metabolizers” (RR 4.44; 95% BI 1.11-

17.68). In de patienten die een antipsychoticum gebruiken dat niet wordt afgebroken door CYP2D6

is geen verschil in risico te zien (RR 1.20; 95% BI 0.21-6.79). Hieruit blijkt dat het CYP2D6

genotype een duidelijke risicofactor kan zijn voor antipsychotica-geïnduceerde EPS.

Naast antipsychotica zijn er nog zeer veel andere middelen die EPS kunnen veroorzaken. Voor het

merendeel van deze middelen is dit alleen bekend uit case reports en is geen epidemiologisch

onderzoek gedaan. Selectieve serotonine heropname remmers (SSRIs) en calciumantagonisten zijn

het vaakst met EPS in verband gebracht. In hoofdstuk 4 wordt getracht voor deze middelen het

risico op EPS te kwantificeren.

Voor wat betreft SSRIs is het van belang te weten of deze middelen vaker EPS veroorzaken dan

andere antidepressiva. Daarnaast rijst de vraag in welke mate de associatie tussen SSRIs en EPS

verklaard kan worden door het feit dat depressie een prodromen van de ziekte van Parkinson kan

zijn. In hoofdstuk 4.1 is de associatie tussen SSRIs en EPS bestudeerd in een landelijke database

van spontaan gemelde bijwerkingen. Hieruit blijkt dat SSRIs ten opzichte van andere antidepressiva

geassocieerd zijn met rapportage van EPS (OR 2.2; 95% BI 1.2-3.9). Dit resultaat kan echter

vertekend zijn: door de diverse publicaties in de medische literatuur over het optreden van EPS

tijdens SSRI gebruik is deze bijwerking mogelijk selectief meer gemeld dan EPS als gevolg van

andere antidepressiva. Het gevonden risico is dan ook mogelijk een overschatting van het

werkelijke risico. In hoofdstuk 4.2 is echter op basis van prescriptie-gegevens een sterker effect van

SSRIs gevonden: SSRI-gebruikers hadden een 6 maal hogere kans om antiparkinson-medicatie

voorgeschreven te krijgen dan mensen die geen antidepressiva gebruikten (OR 5.9; 95% BI 1.8-

18.8). Patienten die andere antidepressiva gebruikten hadden een 1.6 maal verhoogde kans (OR 1.6;

95% BI 0.6-4.4). Verder werd een tweemaal verhoogd risico gevonden bij mensen die in het

verleden met antidepressiva zijn behandeld (OR 2.2; 95% BI 0.9-5.3). Dit suggereert dat de

onderliggende aandoening (i.e. depressie) geassocieerd is met EPS en een deel van de associatie

tussen SSRIs en EPS kan verklaren.
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Cinnarizine en flunarizine zijn sinds 1985 bekende veroorzakers van EPS. Sinds die tijd is er een

groot aantal case reports van deze bijwerking gepubliceerd. Cinnarizine is geïndiceerd voor de

behandeling van vertigo, reisziekte en allergische aandoeningen; flunarizine wordt gebruikt bij

vertigo en als migraine profylaxe. Flunarizine is een analogon van cinnarizine, met als enig verschil

in chemische structuur twee fluor-atomen. Ondanks het grote aantal case reports zijn er vooralsnog

geen epidemiologische studies geweest die de associatie tussen deze middelen en EPS hebben

kunnen bevestigen. Er is tot op heden dan ook geen informatie beschikbaar geweest over hoe sterk

deze middelen met EPS geassocieerd zijn en wat de risicofactoren zijn. Dit wordt in hoofdstuk 4.3

van dit proefschrift onderzocht. Hierin blijkt dat in een populatie van ouderen zowel cinnarizine als

flunarizine geassocieerd zijn met EPS. Hoewel in de gepubliceerde case reports leeftijd en geslacht

als mogelijke risicofactor geidentificeerd werden, komt dat in dit onderzoek niet naar voren. Wel

neemt het risico op EPS sterk toe met toemende dosering en gebruiksduur. Cinnarizine en

flunarizine hebben een duidelijk verschillend risico-profiel ten aanzien van EPS: vergeleken met

cinnarizine treedt het verhoogde risico op EPS met flunarizine eerder op, is het effect aanzienlijk

sterker (OR 17.1; 95% BI 9.5-30.8 versus OR 3.0; 95% BI 2.1-4.2) en houdt het langer aan na

staken van medicatie. Deze verschillen zijn te verklaren door het verschil in chemische structuur en

klinisch-chemische eigenschappen die hiervan het gevolg zijn.

In hoofdstuk 5 wordt een Engelse samenvatting van het proefschrift gegeven, worden de

belangrijkste beperkingen besproken en worden de implicaties van de bevindingen in dit

proefschrift voor de praktijk en voor toekomstig onderzoek uiteengezet.
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