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Abstract
Background: In order to increase treatment choices for patients with Parkinson disease (PD), we performed a retrospective
assessment of adverse events associated with a novel once-daily extended-release (ER) formulation versus the standard immediate-
release (IR) of the nonergolinic dopamine agonist, pramipexole.

Methods: The PubMed and Embase databases, as well as the foreign language medical information resource retrieval platform
were searched from 2007 to 2017. The relative risks (RR) of various adverse events with 95% confidence intervals (95% CIs) were
generated. The Modified Jadad score (MJs) was used to assess the quality of individual studies. Funnel plots were used to evaluate
publication bias.

Results: Three randomized controlled trials involving 1021 patients were included in this meta-analysis. We evaluated common
adverse events associated with pramipexole in the gastrointestinal and nervous systems. These included the typical gastrointestinal
symptom of nausea (RR=0.96, 95% CI: 0.72–1.28; P= .80> .05) and nervous system symptoms of somnolence (RR=1.16, 95%
CI: 0.95–1.43; P= .14> .05), dizziness (RR=1.11, 95%CI: 0.80–1.54; P= .54> .05), and dyskinesia (RR=0.87, 95%CI: 0.47–1.60;
P= .66> .05).

Conclusion: Patients with PD treated with 2 different pramipexole formulations (ER and IR) had similar incidences of common
adverse events.

Abbreviations: CI = confidence interval, ER = extended-release, IR = immediate-release, MJs = Modified Jadad score, PD =
Parkinson disease, RCT = randomized controlled trial, RR = relative risk.
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1. Introduction

Parkinson disease (PD) is a chronic progressive neurodegenera-
tive disorder. Demographic data estimate that cases of PD in the
most populous nations will increase from 4.6 million in 2005 to
9.3 million by 2030.[1] The main pathological feature of PD is the
loss of dopaminergic neurons in the substantia nigra. The first
primary clinical manifestation is static tremor, and subsequently
the symptoms of dykinesia, depression, anxiety, sleep distur-
bance, and cognitive impairment progress, respectively.
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Pramipexole is a dopamine D2/D3 receptor agonist that is
nonergot derived, which can be used for monotherapy in patients
with early and advanced PD,[2,3] or as adjunctive therapy
together with levodopa.[4] The pharmacodynamic properties of
pramipexole reveal a stronger affinity to D3 receptors than the
ergot agonists.[5] On the basis of a pharmacokinetic experiment
in healthy male volunteers, 1.5mg of immediate-release (IR)
pramipexole administered 3 times daily was bioequivalent to 4.5
mg of extended-release (ER) pramipexole taken once daily.[6] A
growing body of evidence supports ER formulations as equal to
IR formulations in terms of efficacy, safety, and tolerability in
early and advanced PD patients.[2,4,7] Although increasing
numbers of studies have shown efficacy and safety, from a
clinical perspective, doctors and patients still have concerns about
differences in adverse events between IR and ER treatments,
including so-called “sleep attacks” that are reported to have
caused car accidents.[8] The aim of this study was to analyze the
incidences of adverse events associated with the 2 types of
treatment programs, providing clear options for patients and
doctors.
2. Materials and methods

2.1. Data sources and literature search

In order to collect clinical data systematically, we carefully
searched the NCBI PubMed and Elsevier Embase databases, as
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Figure 1. Flow diagram of the literature search and selection process. ER=extended-release, IR= immediate-release.
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well as the foreign language medical information resource
retrieval platform. The search included literature published from
2007 to 2017, with the keywords pramipexole [title] and
Parkinson’s disease [title] or PD [title]. Grey studies were
carefully identified from the references of included literature. No
language restrictions were imposed. As the data included in our
study were extracted from published literatures, no ethical
approval and patient consent were required.
2.2. Inclusion and exclusion criteria

All trials were identified by 2 reviewers independently. Any
disagreement was resolved through discussion with a third
investigator. Primary studies were included if they met the
inclusion criteria as follows. First, the study was a double-blind
randomized controlled trial (RCT); second, the subjects were
diagnosedwith PD; third, the subjects with PD atHoehn andYahr
stage ≥ 1, PD during ≥ 2; fourth, grouping of subjects included
those treated with ER and IR pramipexole; and fifth, outcomes of
nausea, dizziness, somnolence, and dyskinesia were recorded.
Articles were excluded if they were, or contained, any of the
Table 1

Characteristics of the included randomized controlled trails.

Ref. Country Age
(mean), y

Male/
Female

Hoehnand
Yahr stage du

Wang et al[13] China ≥30 300/175 2–5
Poewe et al[2] Austria 62 247/189 1–3
Mizuno et al[11] Japan 67.5 42/70 2–4

“�” stands for no completed data.
ER= extended-release, IR= immediate-release, P=placebo.

2

following: incomplete data, letters, case reports, review articles,
conference abstracts, or duplicate studies and publications.

2.3. Data extraction

Data were extracted from each included study using a pre-
designed extraction form. The following items were recorded:
first author’s surname, publication year, country, study design
groups, Hoehn and Yahr stage, mean or median age, sex,
incidence of adverse events. All extracted data were performed by
2 reviewers independently. Any disagreement was settled by
discussion with a third investigator.

2.4. Quality assessment

A modified Jadad score (MJ), which was based on the Cochrane
Handbook for Systematic Reviews of Interventions, was
calculated for the assessment of the quality of the RCTs.[9] We
carried out quality assessment based on 7 items: random
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other biases.
PD
ration, y Group

Double-
blind Outcome measure (adverse events)

2 ER:IR Y Somnolence, dyskinesia, dizziness, nausea
2–5 P:ER:IR Y Dyskinesia, dizziness, nausea
3 ER:IR Y Somnolence, dyskinesia, dizziness, nausea
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2.5. Data analysis and statistical methods

The analysis of adverse events was based on 2 factors using the
RevMan 5.3 software (Cochrane Collaboration, Copenhagen,
Denmark), which was developed and produced by the interna-
tional Cochrane collaboration, and updated by the Nordic
Cochrane Center. Statistical heterogeneity between studies was
assessed by the value of P and I2. If the I2 test showed a result
indicating high heterogeneity (I2 ≥50%), a random effect model
was performed, otherwise, a fixed effect model was adopted.[10]
[13]

Figure 2. Quality assessment of included studies using the Modified Jadad
score.
3. Results

3.1. Search results

From the keyword database search, we found 81 total articles.
Eleven duplicated articles were excluded, as well as 12 non-RCTs
and 43 studies based on title/abstract content. Thus, only 15
eligible studies underwent full-text review. Among these 15
articles, 1 was excluded due to incomplete data, and 5 were ruled
out because study groups did not include ER versus IR treatments.
Another 5 were excluded for other reasons and 1 article[12] was
excluded for repeat study leaving only 3 RCTs involving 1021
patients who were examined in this meta-analysis (Fig. 1).

3.2. Description of the included studies

The 3 included trials[2,11,13] were published from 2011 to 2014.
The patients in the remaining 3 trials ranged in age from 30 to
67.5 years, including both males and females. One trial was of a
2-group design (ER vs IR) (Poewe et al[2]) and the other 2
Figure 3. Funnel plots for publication bias for somnolen

3

examined 3 groups (Placebo vs ER vs IR) (Wang et al and
Mizuno et al[11]). The detailed characteristics of the 3 analytical
studies are summarized in Table 1.

3.3. Quality assessment and publication bias

The MJ score revealed that the quality of the 3 individual studies
was sufficient for further analysis (Fig. 2). In addition, funnel
plots were used to evaluate publication bias (Fig. 3). There was no
significant publication bias found except in the analysis of
dyskinesia.
ce (A), dizziness (B), dyskinesia (C), and nausea (D).
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Figure 4. Effect of the extended-release (ER) formulation versus the standard immediate-release (IR) formulation on the adverse events of somnolence (A),
dizziness (B), and dyskinesia (C). CI=confidence interval, M-H=Mantel–Haenszel.
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3.4. Meta-analysis of somnolence and dizziness as well
as dyskinesia

All 3 trials reported the incidence of somnolence. However, we
detected no significant difference in somnolence between the ER
and IR groups [relative risk (RR)=1.16, 95% confidence interval
(95% CI): 0.95–1.43; P= .14> .05] (Fig. 4A). All studies also
reported the incidence of dizziness. Again, no significant
difference was detected when comparing the combined ER and
IR groups (RR=1.11, 95% CI: 0.80–1.54; P= .54> .05)
(Fig. 4B). Only 2 of the articles recorded the incidence of
dyskinesia. Not surprisingly, no difference was found between
the ER and IR group by this metric either (RR=0.87, 95% CI:
0.47–1.60; P= .66> .05) (Fig. 4C).

3.5. Meta-analysis of nausea

All 3 trials reported the incidence of nausea. Similar to the
nervous system symptoms, there was no significant difference in
nausea between the ER and IR groups (RR=0.96, 95%CI: 0.72–
1.28; P= .80> .05) (Fig. 5).

4. Discussion

PD is the second most common neurodegenerative disorder.
Pramipexole, an agonist of the dopamine receptor, is the second
4

most widely used treatment after L-DOPA for patients with
PD.[14]

Nausea, an uncomfortable feeling in the epigastrium, occurs in
advance of vomiting, both of which impact the quality of life.[15]

Almost all gastrointestinal drugs are associated with the adverse
reaction of nausea and pramipexole is no exception. ER
formulations are dosed once a day, whereas IR formulations
are dosed 3 times a day, but nausea caused by either treatment has
been reported to be similar.[4] In agreement, our analysis found a
low incidence of nausea caused by pramipexole, with no apparent
difference between ER and IR treatment.
Dizziness is a nonspecific symptom that can be defined as

lightheadedness, faintness, imbalance, or the sensation of
moving or spinning.[16] On the basis of the degree of the
progression of symptoms, we divided “dizziness” into 4 groups:
vertigo; disequilibrium without vertigo; presyncope, and
physiological dizziness, which is often associated with anxiety
and panic.[17,18] Dizziness is the most common symptom of the
central nervous system and incidence ranges from 1.8% in
young adults to more than 30% in the elderly.[19] Dizziness
impacts the quality of life by increasing the risk of falls and
fractures, especially in the elderly.[20] Incidentally, PD also
usually occurs in the elderly. Fortunately, there is a low
incidence of dizziness associated with pramipexole, with ER
and IR formulations having an occurrence rate of 11% and



Figure 5. Effect of extended-release (ER) formulation versus the standard immediate-release (IR) formulation on the adverse event of nausea. CI=confidence
interval, M-H=Mantel–Haenszel.
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12%, respectively. Therefore again, our analysis failed to detect
any difference between ER and IR treatments.
The gold standard PD therapy, chronic L-3,4-dihydroxyphe-

nylalanine (levodopa), does not sufficiently and thoroughly arrest
dopaminergic neuronal degeneration and has toxic side effects
when used long-term, such as levodopa-induced dyskinesia.[21,22]

Levodopa-induced dyskinesia was seen in approximately 50% of
PD patients who received the drug for 5 years and in nearly all
patients after 10 years.[23] Preclinical and clinical research have
shown that pramipexole can alleviate LID.[24–26] In our analysis,
both the ER and IR group had dyskinesia incidence rates of
∼7.5% indicating no difference between the treatments. This
conclusion is consistent with previous study that has reported
that initial pramipexole treatment leads to the risk of developing
dyskinesia decrease significantly.[27]

Somnolence is a common complaint in patients with PD,
especially excessive daytime somnolence.[28,29] This symptom
had been largely ignored until the description of sudden sleep
events termed “sleep attacks,” which were linked to car
accidents involving PD patients taking both ergot and nonergot
dopamine agonists, including pramipexole.[8] In our analysis,
there was a higher incidence of somnolence linked to
pramipexole than other symptoms, with the frequencies being
26.1% and 23.3% of PD patients treated with ER and IR,
respectively. Although the difference between ER and IR is not
significant, these somnolence events have caught people’s
attention.
There are some limitations of this meta-analysis that should

be pointed out. First, publication bias was present because only
3 trials were included in the analysis and additional clinical
studies are needed to reduce this. Second, there is no detailed
information regarding the complete data that were withdrawn,
which may have been due to short observation periods. Third,
the incidence of some adverse events in PD differs among types
of patients. For instance, young patients on pramipexole
showed a higher incidence of somnolence when compared with
patients given a placebo.[30,31] Therefore, it is important to
explore adverse events in both early and advanced PD
separately.
In conclusion, we found no significant differences in the

common adverse events associated with ER versus IR pramipex-
ole treatment in patients with PD. However, there is no doubt
that these symptoms affect quality of life and attract the attention
of patients and doctors. Considering the pathologic development
of PD, and the clinical trials currently in progress, there is still a
need for the development of novel therapies to combat the
progression of neurodegeneration in PD.
5
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