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Objectives ± Animal studies showed that benzodiazepines decrease the
concentration of dopamine in the striatum. Benzodiazepines may
therefore aect the treatment of Parkinson's disease. This study
determined whether start of a benzodiazepine in patients on levodopa
was followed by a faster increase of antiparkinsonian drug treatment.
Methods ± Data came from the PHARMO database, which includes
information on drug dispensing for all residents of six Dutch cities.
Selected were all patients aged 55 years and older who used levodopa
for at least 360 days. The rate of increase of antiparkinsonian drug
treatment was compared between starters of a benzodiazepine and
controls who did not start a benzodiazepine with the use of Cox's
proportional hazard model. Results ± Identi®ed were 45
benzodiazepine starters (27 women, mean age 76.4 years) and 169
controls (83 women, 74.3 years). Antiparkinsonian drug treatment
increased faster in the benzodiazepine group; relative risk was 1.44
(95% con®dence interval 0.80±2.59). Conclusion ± This study has not
found any statistically signi®cant increase in antiparkinsonian drug
treatment when a benzodiazepine was started in a small population of
chronic levodopa users.

Loss of dopamine in the striatum as a result of
neuronal degeneration of the substantia nigra pars
compacta is a major characteristic in the pathology
of Parkinson's disease. Animal studies have shown
that c-amino butyric acid A (GABAA)-agonists
decrease extracellular concentrations of dopamine
in the striatum (1±3). An important class of drugs
that stimulate GABAA-receptors are benzodiazepines (4). These drugs may therefore worsen the
symptoms of Parkinson's disease. Patients with
Parkinson's disease often use benzodiazepines (5),
as sleep disorders and anxiety are common (6, 7).
Several studies reported on the eects of benzodiazepines on Parkinson's disease (8±12). These
studies, which were all based on small numbers of
patients, found con¯icting results.
Dopaminergic eects, such as improvement of
motorsymptoms (9), as well as antidopaminergic
eects, such as worsening of Parkinson's disease
and decrease of dyskinesia (8±10), have been
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reported. In some patients, benzodiazepines did
not have any apparent eect (9, 11, 12). As animal
studies reported that stimulation of GABAA
inhibits dopamine (1±3), it is expected that patients
on levodopa who are given a benzodiazepine
require adjustment of antiparkinsonian drug treatment. Such an adjustment can be studied in
pharmacy records (13).
We used pharmacy records to determine whether
start of a benzodiazepine in patients on levodopa
was followed by a faster increase of antiparkinsonian drug treatment compared with levodopa users
who did not start with benzodiazepines.
Methods
Data

Data were obtained from the PHARMO system,
which includes information on drug dispensing for
all 300,000 residents of six Dutch cities from 1991
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to 1998 (14). In the Netherlands virtually complete
histories can be obtained for all patients. This is
because of a strong pharmacy±patient liaison for
reimbursement of prescription drugs, a high degree
of computerization, the use of standardized computer software, classi®cation and coding systems,
and a strong commitment of pharmacists to
medication surveillance. Antiparkinsonian drugs
and benzodiazepines were fully covered by insurance from 1991 to 1998.
Study population

In a previous study, we compared pharmacy
records with the results of the Rotterdam Study
(15, 16). All participants of the Rotterdam Study,
almost 7000 persons of 55 years and older, were
examined for signs of Parkinson's disease with the
use of internationally accepted diagnostic criteria
(16). We found that 95% of the patients using
levodopa had Parkinson's disease. Levodopa is
therefore a reliable marker for Parkinson's disease
in pharmacy records among individuals aged
55 years and older (15).
For the present study we selected all patients
aged 55 years and older, who used levodopa for at
least 360 days. From these patients, a group of
starters of a benzodiazepine and a control group
were formed. Patients were included in the benzodiazepine group when they had started using a
benzodiazepine at least 180 days later than the ®rst
prescription of levodopa in PHARMO and continued using the benzodiazepine together with
levodopa for at least another 180 days. All other
levodopa users were allocated to the control group.
Follow-up

Start of follow-up in the benzodiazepine group was
the ®rst dispensing date of the benzodiazepine. In
this group, patients started using a benzodiazepine
at average 872 days later than the ®rst prescription
for levodopa in PHARMO. Start of follow-up in
the control group was therefore taken at the ®rst
dispensing date of levodopa that was at least
872 days later than the start of levodopa in the ®le.
Controls who subsequently used levodopa for less
than 180 days were not included. Some patients
had used a benzodiazepine but did not meet the
inclusion criteria for the benzodiazepine group.
These patients were only included as control when
they had not used a benzodiazepine in the 180 days
before start of follow-up.
A possible disadvantage of taking a ®xed period
of duration of levodopa among controls is that
their little variation in duration of levodopa use in

PHARMO does not allow a valid comparison with
benzodiazepine starters with a larger variation of
duration of levodopa use. However, most patients
started using levodopa before they entered
PHARMO. Therefore, duration of levodopa use
in PHARMO does not re¯ect duration of use of
levodopa by a patient.
Excluded were patients who used antipsychotics,
metoclopramide (17), cinnarizine and ¯unarizine
(18) at start of follow-up. These agents can induce
parkinsonism and are therefore potentially interfering with treatment of Parkinson's disease. Furthermore, users of selective serotonin reuptake
inhibitors (SSRIs) and tricyclic antidepressants
were excluded, because they are associated with,
respectively, a higher and a lower rate of increase
of antiparkinsonian drug treatment in levodopa
users (13). Omitted were patients who used an
antiepileptic drug at start of follow-up, because
some of these drugs act through stimulation of
GABA (19).
The endpoint of follow-up was reached if an
increase of antiparkinsonian drug treatment
occurred within 180 days after start of follow-up.
This increase occurred when the dosage of any
antiparkinsonian drug was increased, or a new
antiparkinsonian drug was started. The antiparkinsonian drugs in our study next to levodopa
were: dopamine agonists (bromocriptine, lisuride,
pergolide, pramipexole, ropinirole), selegiline,
amantadine, anticholinergics (biperidene, dexetimide, orphenadrine, procyclidine, trihexifenidyl),
and the catechol O-methyl transferase (COMT)
inhibitors entacapone and tolcapone. A patient
was censored when no increase in antiparkinsonian
drug treatment occurred within 180 days. Patients
were also censored when an antipsychotic, metoclopramide, cinnarizine or ¯unarizine, a tricyclic
antidepressant, a SSRI, or an antiepileptic drug
was started during follow-up.
A sample size calculation was performed. In a
previous study we found that 25% of chronic
levodopa users received a benzodiazepine (5). We
assumed that a relative risk of 2.0 is relevant.
Sample size calculation (20) showed that we needed
to include at least 31 benzodiazepine starters and
93 controls to detect such a relative risk in our
study with 80% power, given a type 1 probability
of 0.05.
Analysis

The rate of increase of antiparkinsonian drug
treatment was compared between the benzodiazepine and control group with Kaplan±Meier
survival curves. The relative risk and 95%
9
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con®dence intervals were calculated using Cox's
proportional hazard model (21), which enabled
adjustment for age, gender, calendar year, and the
time a patient had received levodopa in the ®le
before start of follow-up. We adjusted for calendar-year to control for possible changes in prescription patterns.
Results

A total of 662 patients aged 55 years and older
used levodopa for at least 360 days. Of these
patients, 52 started a benzodiazepine at least
180 days after start of levodopa in the ®le and
used the benzodiazepine together with levodopa
for another 180 days. Five benzodiazepine starters
were excluded, because they used an antipsychotic
at start of follow-up. Two patients were excluded
because they used a tricyclic antidepressant. The
remaining 45 patients used the following benzodiazepines: diazepam (n  3), chlordiazepoxide
(n  3), oxazepam (n  10), ¯urazepam (n  2),
nitrazepam (n  4), lormetazepam (n  3), and
temazepam (n  20).
Identi®ed were 330 patients who ful®lled our
criteria for being included as a control, i.e. they
®lled a prescription for levodopa at least 872 days
after the ®rst dispensing date for levodopa in
PHARMO, and subsequently used levodopa for at
least another 180 days. From these 330 controls
we excluded 50 patients because they used at least
one of the following potentially interfering drugs
at start of follow-up: antipsychotics (n  9), cinnarizine or ¯unarizine (n  7), metoclopramide (n  2), a tricyclic antidepressant (n  19),
or a SSRI (n  19). (Adding up the number
between parentheses exceeds 50 because some
patients used two or more of the drugs listed.)
No patient used an antiepileptic drug at start of
follow-up. A number of 111 patients were excluded as control, because they used a benzodiazepine
during or in the 180 days before start of follow-up.
This left 169 patients who were included as
control.
Table 1 lists the characteristics of the 45 benzodiazepine starters and the 169 controls. The proportion of female patients was highest among
benzodiazepine users. Mean levodopa dosage and
the distribution of antiparkinsonian drug users
were comparable between the groups.
Table 2 shows the endpoints of the dierent
groups. The proportion of persons who did not
experience an increase of antiparkinsonian drug
treatment was slightly higher among controls.
Antiparkinsonian drug treatment increased
faster among levodopa users who used a benzo10

Table 1. Baseline characteristics of benzodiazepine users and their controls
Characteristic
Number
Female
Mean age (years)  SD
Mean time on levodopa (days)  SD
Mean levodopa dosage  SD
Dopamine agonist
Selegiline
Amantadine
Anticholinergics
Start of follow-up
Before 1996
1996 or later

Benzodiazepine

Controls

45
27 (60)
76.4  7.1
871  600
351  222
10 (22)
16 (36)
5 (11)
5 (11)

169
83 (49)
74.3  7.8
911  47
340  191
34 (20)
67 (40)
14 (8)
34 (20)

31 (69)
14 (31)

121 (72)
48 (28)

Values in parentheses are in percentages.
* Entacapone and tolcapone were not used.
Table 2. Events at endpoint of follow-up for patients on levodopa who started
using a benzodiazepine (n  45), and controls (n  169)

Endpoint
Increase of antiparkinsonian drug treatment
Levodopa
Dopamine agonist
Selegiline
Amantadine
Anticholinergic
Censoring*
No change of antiparkinsonian drug treatment
Start of antipsychotic

Benzodiazepine Controls
(n  45)
(n  169)
7
2
4
1
1

(16)
(4)
(9)
(2)
(2)

23 (14)
10 (6)
7 (4)
4 (2)
3 (2)

30 (67)
0

121 (72)
1 (1)

Values in parentheses are in percentages.
* Censoring because of start of cinnarizine, flunarizine or metoclopramide did not
occur.

diazepine (Fig. 1). The crude relative risk comparing both groups was 1.29 (95% con®dence interval
0.72±2.31). Adjusting for age, gender and time on
levodopa, the relative risk increased to 1.44 (0.80±
2.72).
Discussion

This study has not found any statistically signi®cant increase in antiparkinsonian drug treatment
when a benzodiazepine was started in a small
population of chronic levodopa users.
It should be acknowledged that this study is a
mere indication that use of benzodiazepines by
patients with Parkinson's disease will lead to only a
slight increase of antiparkinsonian drug treatment.
A de®nite answer to this issue can only be given
after clinical assessment of the patients. We did not
have access to clinical data.
We assessed in a previous study that levodopa is
a reliable marker for Parkinson's disease (15). We
therefore think that we did not include too many
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Fig. 1. Comparison of the proportion of patients without
increase of antiparkinsonian drug treatment (Kaplan±Meier
estimate) within 180 days after start of follow-up.

patients who had a parkinsonian syndrome other
than Parkinson's disease. It should be stated that
postmortem examination has shown that 25% of
all patients were incorrectly diagnosed with Parkinson's disease (22).
We do not think that our study is hampered by
noncompliance. Both the benzodiazepine starters
and the controls are comparable with respect to
use of antiparkinsonian drugs. The proportion of
patients who are not compliant, will therefore be
the same in both groups. Furthermore, use of
benzodiazepines for at least 180 days causes
dependence. The benzodiazepine users are therefore expected to be compliant.
The fact that we did not ®nd a statistically
signi®cant increase of antiparkinsonian drug treatment can be because of the absence of such an
eect in humans. However, the lack of an eect can
also be explained by several other reasons. First,
benzodiazepines can be given for treatment of sleep
disorders. Motorsymptoms in Parkinson's disease
may bene®t from sleep, allowing patients to delay
their antiparkinsonian medication in the morning
(23±25). This may in¯uence the results of this
study. It should be noted that this bene®cial eect
has not been determined for sleep induced by
benzodiazepines.
A second reason for ®nding only a slight increase
is that benzodiazepine may inhibit dopamine
release in a dose dependent manner (26). Dosages
in our study may have been too low to ®nd an
eect. In animal studies dosages were as high as
1 mg/kg bodyweight (2), which is far higher than
used in clinical practice (4). Our data did not allow
to study a dose-relation, because the majority of
patients used the same dose of a speci®c benzodiazepine.

The third reason is that benzodiazepines reduce
the psychological burden of the disease. Patients
can therefore be able to cope better with their
disease, which can be bene®cial for motor performance.
Other studies have reported con¯icting results on
the eects of benzodiazepines in Parkinson's disease (8±12). The dissimilarities in the results can be
because of methodological dierences. Pourcher
et al. (8), who found that diazepam reduced
levodopa-induced dyskinesia, administered the
benzodiazepine intramuscular. Furthermore, two
studies, that reported both a detrimental and an
absence of an eect of benzodiazepines, were case
reports (9, 10). The patients in these case reports
were described for their exceptional reaction
towards benzodiazepines and may thus not be
representative for eects normally encountered in
Parkinson's disease. The result of one study, that
found no apparent eect, was based on a single
dose of temazepam (11). This may have been too
short to observe any eect.
Recently two papers have been published that
described the bene®cial eects of zolpidem on
Parkinson's disease (27, 28). Zolpidem is a nonbenzodiazepine hypnotic, which shows a preferential
binding to a speci®c GABAA receptor subtype (4).
In our study no patients were identi®ed that used
zolpidem for a suf®cient time.
The hypothesis that benzodiazepines may be
associated with a higher rate of increase of
antiparkinsonian drug treatment is based on
animal studies which showed that stimulation of
GABAA decreases the activity of dopamine in the
striatum (1±3). The relation between GABAA and
dopamine in the striatum is based on several
observations. First, GABAA-projections inhibit
dopaminergic neurones in the substantia nigra
in vivo (1). Secondly, clonazepam decreased turning
behaviour that was induced by the potent dopamine agonist apomorphine. This antidopaminergic action of clonazepam was reduced by
pretreatment with the benzodiazepine antagonist
¯umazenil (2). Finally, the striatal concentration of
dopamine was increased by GABAA-antagonists
and decreased by GABAA-agonists (3).
Our study shows that benzodiazepines are not
associated with an increase of antiparkinsonian
drug treatment in a population in daily practice.
Benzodiazepines should always be used cautiously
in Parkinson's disease, because benzodiazepines are
associated with an increased frequency of femour
fractures (29). Patients with Parkinson's disease are
likely to fall because of postural stability (6).
This study shows that benzodiazepines are associated with a slight increase of antiparkinsonian
11
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drug treatment among levodopa users. However,
this increase is not statistically signi®cant. The
benzodiazepine induced striatal decrease of dopaminergic concentrations observed in animals,
does not seem to have a relevant eect on
Parkinson's disease in humans.
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