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Background
Parkinson’s disease (PD) involves alterations of the extrapyramidal 

nervous system, which regulates posture and voluntary movements, 
and is characterized by symptoms such as resting tremors, rigidity and 
akinesia [1]. It is a neurodegenerative disease caused by degenerative 
and apoptotic injury of the basal ganglia from an unknown cause 
[2]. The disease itself is not fatal; however, it produces a progressive 
deterioration in motor function, which can lead to disability and 
significantly elevated risks of choking, pneumonia, and falling-related 
injuries, resulting in a marked reduction in life expectancy [1].

The therapy is primarily based on the administration of levodopa 
associated with inhibitors of its peripheral degradation such as carbidopa 
or benserazide [3]. Moreover, for many years, dopamine agonists 
(DAs) have been incorporated into the therapeutic armamentarium of 
PD [3]. These drugs, which are commonly subdivided into ergot and 
non-ergot dopaminergic derivatives, activate the dopamine secretion 
in the central nervous system with various mechanisms, by acting on 
dopaminergic neurons located in the substantia nigra, in the corpus 
striatum and in other extrapyramidal structures in the brain. Levodopa 
is currently the most effective agent used in the treatment of PD and has 
been the mainstay of therapy in recent decades. DAs are less effective 
than levodopa as a treatment regimen; however, they are associated 

with lower risks of dyskinesia and motor fluctuation. This has led to 
the wide-scale application of DAs in the early stages of PD in order 
to postpone the use of levodopa, or as an add-on treatment to reduce 
levodopa dosages [4,5].

Evidence suggests that older, ergot-derived DAs, pergolide and 
cabergoline, induce thickening and dysfunction of the cardiac valves 
[6-12]. Thus, more recently developed non-ergot-derived DAs, 
such as pramipexole, ropinirole or rotigotine, are increasingly being 
used as replacements for ergot-derived DAs in the management 
of PD. However, in September 2012, the U.S. FDA released a safety 
communication [13] related to a possible increase in the risk of heart 
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Abstract
Background: In recent years, some observational studies suggested that pramipexole, a non-ergot dopamine 

agonist (DA) used for the treatment of Parkinson’s disease (PD), may increase the risk of heart failure (HF). However, 
the limitations inherent in observational studies made it difficult to determine whether the excess of incident HF was 
related to the drug or to other determinants. Thus, some concerns remained regarding the increased putative HF risk 
associated with non-ergot DAs as a class or individually.

Method: In our meta-analysis, primary endpoint was the risk of incident HF in patients with PD treated with 
non-ergot DAs compared to those treated with monotherapy with levodopa. Secondary outcome measures were 
all-cause mortality and cardiovascular events. For these purposes, only randomized controlled trials (RCTs) were 
considered, provided that they offered complete outcome data pertaining to the incident HF, all-cause mortality 
and risk of cardiovascular events. Systematic searches were performed in the databases of PubMed, Embase and 
ClinicalTrial.gov up to May 2015. The effect size was estimated using the pooled relative risk (RR) of non-ergot DAs 
versus placebo on incident HF as well as on all-cause mortality or cardiovascular events.

Results: Six out of 27 RCTs reported at least one case of incident HF; therefore, we included them in the RR 
estimate, whereas 13 RCTS were included in the meta-analysis for mortality rates and 22 RCTs were included to 
evaluate cardiovascular events. Treatment with non-ergot DAs did not reveal an increase in the risk of incident HF 
as compared with the placebo group (pooled RR: 0.95, 95% CI: 0.30–2.90; p = 0.893). Similarly, patients treated with 
non-ergot DAs didn’t show any significant differences compared to controls with regard to all-cause mortality (pooled 
RR: 0.617, 95% CI: 0.330–1.153; p = 0.13) as well as with regard to cardiovascular events (pooled RR: 1.067, 95% 
CI: 0.663–1.717; p = 0.789).

Conclusion: The use of non-ergot DAs in PD patients was not associated with an increased risk of incident HF, 
nor was it shown to increase the overall mortality or the risk of cardiovascular events compared to the PD patients 
taking monotherapy with levodopa alone. However, larger studies are warranted to confirm the cardiovascular safety 
of non-ergot DAs for PD management.
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failure following treatment with pramipexole, i.e. one of the most used 
non-ergot DAs, based on the pooled data from two phase II and III 
RCTs submitted by the manufacturer [13]. In these studies, a larger 
percentage of patients in the pramipexole group were diagnosed with 
incident heart failure compared to the placebo group; however, the 
difference did not reach statistical significance [13]. In addition, four 
case-control studies were undertaken to assess the relationship between 
ischemic events, heart failure, and the use of ergot and non-ergot DAs; 
however, the results were inconsistent [14–17]. These observational 
studies enrolled large numbers of participants for safety evaluations; 
however, their findings were inherently susceptible to confounding 
effects propitiated by the severity of PD, comorbidities, unmeasured 
confounders, confounding by indication, detection bias, and accuracy 
of heart failure outcome definition [18].

The present study sought to overcome the potential drawbacks 
associated with observational studies and the inconclusive findings 
reported in individual trials by conducting a meta-analysis of RCTs 
related to the use of non-ergot DAs in patients with PD. Our primary 
focus was on the risk of newly diagnosed heart failure in patients with 
PD who were treated with non-ergot DAs compared to those who were 
not; secondary outcomes were all-cause mortality and frequency of 
cardiovascular events.

Method
This study complied with the preferred reporting items for 

systematic reviews and meta-analysis (PRISMA) guidelines [19] with 
a predefined protocol elaborated by the authors. 

Data sources and search strategy
We searched the PubMed, Embase and ClinicalTrials.gov databases 

from inception to May 2015. Full-text terms and Medical Subject 
Headings terms (MeSH) used for systematic database searching 
included Parkinson’s disease (PD) and dopamine agonists (DAs) 
Table 1. The PubMed search strategy through the PubMed filter was 
the following: “idiopathic Parkinson’s disease” [MeSH Terms] OR 
“Parkinson’s disease” [All Fields] AND (“piribedil” [All Fields] OR 
“rotigotine” [All Fields] OR “ropinirole” [All Fields] OR “pramipexole” 
[All Fields] OR “dopamine agonists” [MeSH Terms] OR “dopamine 
agonist” [All Fields]. For this database, the search results were further 

restricted to randomized controlled trials (RCTs). For the databases 
of ClinicalTrials.gov, search results were restricted to trials with 
announced results.

Eligibility criteria
The study inclusion criteria were as follows: (a) RCTs; (b) studies on 

patients diagnosed with PD in any stage; (c) studies involving patients 
who received non-ergot DAs, alone or in combination with other 
anti-Parkinsonian treatments as an intervention, versus a placebo as a 
control; and (d) trials providing data about the occurrence of incident 
heart failure and/or all-cause mortality and/or cardiovascular events. 
Trials lasting twenty-four weeks or longer were included to study the 
long-term effects of non-ergot DAs. We excluded small trials with 
fewer than ten participants in each arm of the intervention, delay-start 
or crossover trials that did not provide information concerning adverse 
events specifically on the drug exposure period, studies published only 
in protocols, abstracts, and research in languages other than English.

Outcome measures
In this study, the primary outcome was the risk ratio of incident 

heart failure, i.e., the ratio of the risk of newly diagnosed cases of heart 
failure among PD patients taking non-ergot DAs (exposed group) to 
the corresponding risk of incident heart failure found in PD patients 
free from non-ergot-DAs (non-exposed group). The secondary 
outcomes were adverse cardiovascular events or mortality. From all 
eligible trials, we retrieved the number of events pertaining to incident 
heart failure, all-cause mortality and cardiovascular events (regardless 
of severity) from the listings of adverse events in the original articles. 
Adverse cardiovascular events were defined as a composite outcome of 
ischemic heart disease (coronary heart disease, myocardial infarction, 
acute coronary syndrome, and angina), cerebrovascular disease (stroke 
and transient ischemic accident), heart failure (including acute cardiac 
failure and exacerbation of heart insufficiency), valve disorders and 
arrhythmias/tachycardia (including atrial fibrillation).

Data extraction
All articles identified were screened based on their titles and 

abstracts (Figure 1).The eligibility of potentially relevant trials was 
evaluated based on the full-text articles. If trials produced multiple 
publications, the most recent publication or the publication with the 
most complete information was included. For each eligible trial, a 
definite number of relevant characteristics was searched for: (a) trial 
characteristics (author, publication year, type of treatment, number 
of subjects included, study location, study duration, PD stage, 
cardiovascular-specific exclusion criteria); (b) patient characteristics 
at baseline (mean age, proportion of females) and withdrawal rate; (c) 
number of PD patients with incident heart failure; d) number of all-
cause deaths; and e) number of PD patients with cardiovascular events. 
Two investigators (RDV and CC) independently assessed identified 
references and extracted relevant characteristics and outcomes from 
the eligible trials. Discrepancies were resolved by aid and consultation 
of another independent observer (DM).

Statistical Analysis
In this study, we adopted the intention-to-treat analysis strategy. 

For the comparison of non-ergot DAs versus a placebo, we estimated the 
risk of incident heart failure as well as those of mortality from all causes 
or cardiovascular events, respectively, with the pooled relative risk (RR) 
and 95% confidence interval (CI). For trials in which multiple groups 
were administered a single non-ergot DA, the data was summarized 
into a single overall estimate. In contrast, for trials using more than one 
non-ergot DA, data was managed as separate trials with the placebo 

Non-ergot dopamine agonists 
vs. placebo
RR (95% C.I.)

Main analysis
Random effects 0.925 (0.297 - 2.879)
Stratified analysis
Individual drugs
Rotigotine (n = 2) 1.022 (0.180 - 5.79)
Pardoprunox (n = 1) 1.71 (0.081- 36.001)
Pramipexole (n = 2) 1.249 (0.155 -10.088)
Ropinirole (n = 1) 0.190 (0.009 - 4.079)
Stage of Parkinson’s disease
Advanced stage (n = 3) 0.889 (0.182 - 4.346)
Early stage (n = 2) 1.312 (0.171 - 10.059)
Both, early and advanced (n = 1) 0.560 (0.038 - 8.325)
Length of follow-up
< 24 weeks (n = 3) 0.925 (0.177 - 4.825)
≥ 24 weeks (n = 3) 0.925 (0.194 - 4.415)

 Table 1: Use of non-ergot dopamine agonists versus placebo and the risk of 
incident heart failure in Parkinson’s disease patients.
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group serving as a common reference. Both fixed and random effects 
models were used to assess the RR of incident heart failure (primary 
outcome) or of mortality or cardiovascular events associated with the 
use of non-ergot DAs. Sensitivity analyses were performed to deal with 
sparse outcome data. Statistical heterogeneity was evaluated using 
the I2 statistic, with a value of 50% or more indicating a substantial 
level of heterogeneity. To investigate potential publication bias, we 
visually inspected the contour-enhanced Begg’s funnel plot for any 
asymmetry. To explore possible effect modifiers pertaining to incident 
heart failure associated with the use of non-ergot DAs, we performed 
a stratified analysis on studies that included PD of various stages (early 
or advanced) or follow-up periods of different lengths (short term: 

< 24 weeks or long term: ≥ 24 weeks). We also evaluated the risk of 
individual non-ergot DAs on the occurrence of newly diagnosed heart 
failure. STATA version 9.0 was used for the analysis, and Review 
Manager® 5.3 was used for plotting risk of bias graphs. A two-sided α 
value of 0.05 was defined as statistically significant.

Results
Twenty-seven studies fulfilled the eligibility criteria for at least one 

of the outcomes provided for by the meta-analysis protocol (incident 
heart failure assumed as a primary outcome, all-cause mortality and 
cardiovascular events taken as secondary endpoints) [20–46] (Figure 1). 
Thus, six trials were deemed eligible for heart failure [24,27,32,35,36,41] 

Figure 1: Flow diagram of study selection for meta-analysis.
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Figure 2: Forest plot of meta-analysis of randomized controlled trials of non-ergot dopamine agonists and the risk of newly diagnosed heart failure in 
Parkinson’s disease patients.

 
Figure 3: Forest plot of meta-analysis of randomized controlled trials of non-ergot dopamine agonists and the risk of mortality in Parkinson’s disease patients.

(Figure 2), 13 trials were deemed eligible for mortality [21,24,27–
31,34,36–38,43,46] (Figure 3) and 22 trials were judged eligible for 
cardiovascular events [20–23,25–28,30,32–36,39–46] in this review 
(Figure 4). Patients with orthostatic hypotension were excluded from 
most of the trials, as it is a common adverse effect of non-ergot DAs.

Primary Outcome
The use of non-ergot DAs and incident heart failure

For newly diagnosed heart failure, six out of 27 trials reported at 
least one case of incident heart failure and were, therefore, included 

for RR estimation [24,27,32,35,36,41]. Among the 4,560 PD patients 
treated with non-ergot DAs, only eight cases of heart failure were 
reported. Among the 2,359 PD patients in the placebo group, only four 
cases of heart failure were reported. Treatment with non-ergot DAs did 
not reveal an increase in the risk of heart failure as compared with the 
placebo group (RR: 0.95, 95% CI: 0.30–2.90) (Figure 2). No significant 
heterogeneity was observed across the studies for the outcome 
“incident heart failure”. Due to the small number of trials in each 
stratum, the stratified analysis was unable to detect effect modifiers or 
any significant interactions (Figure 5-7) (Table 1).
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Secondary Outcomes
The use of non-ergot DAs and overall mortality

For all-cause mortality, 13 out of 27 trials [21,24,27–31,34,36–
38,43,46] reported at least one death and were, therefore, included 
in the RR estimation (Figure 3) A total of 5,686 PD patients were 
enrolled (mean age of 64 years, 42.7% female). Four of the trials 
[21,29,34,36] recruited patients with early PD, seven of the trials 
[20,24,28,30-31,38,42] recruited patients with advanced PD, and two 
of the trials [27,41] included patients in early and advanced stages. 
The follow-up time ranged from twelve to forty weeks. Six of the 
trials [20,21,37,38,41,42] were defined as short-term trials (within 24 
weeks). There were 20 deaths among the 3,858 patients who received 
non-ergot DAs and 21 deaths among the 2,447 patients in the placebo 
group. Regarding the risk of all-cause mortality, patients treated with 
non-ergot DAs did not show any significant difference compared to 
controls (random effects RR: 0.617, 95% CI: 0.330–1.153; p = 0.13) 
(Figure 3). Moreover, the effects of using non-ergot DAs on mortality 
were consistent across groups of studies with different lengths of 
follow-up and across individual drugs.

The use of non-ergot DAs and cardiovascular events

For cardiovascular events, 22 out of the 27 trials [20–23,25–
28,30,32–36,39–46] reported at least one cardiovascular event; thus, 
they were judged suitable for inclusion in the meta-analysis. Among the 
6,734 PD patients, the mean age was 63.8 years and 41.1% were female. 
Eight trials [21,22,24,28,34,36,39,46] dealt with patients with early PD, 
twelve trials [20,23,25-26,29-33, 35,42-43] dealt with advanced PD and 
two trials [27,41] included both stages of PD patients. Sixteen trials 

[20–23,25,26,32,33,35,39,41–46] were defined as short-term (within 
24 weeks) with regard to the duration of follow-up. In the random 
effects model, patients treated with non-ergot DAs did not show any 
significant difference with regard to the risk of cardiovascular events 
compared to patients taking a placebo (random effects RR: 1.067, 95% 
CI: 0.663–1.717; p = 0.789) (Figure 4).

Discussion
The proportion of PD patients who experience heart failure is 

higher than among those without PD, probably due to autonomic 
dysfunction and neurohormonal dysregulation, which have been 
well demonstrated in PD [47–49]. Thus, careful evaluation regarding 
cardiovascular safety of anti-Parkinson medications is a crucial issue. 
Concerns arose from isolated reports that highlighted that non-ergot 
DAs may precipitate heart failure, judging from the quite worrying 
information provided in this regard by several case reports [50] 
and observational case-control studies [14–17]. In particular, three 
different case-control studies showed that pramipexole increased the 
risk of heart failure (HF). First, Mokhles et al. found that this increased 
risk was especially high during the first months of treatment in PD 
patients over the age of 80 [15]. Renoux et al. [16] also highlighted a 
higher risk of HF with pramipexole compared to the other DAs used 
in treating PD and restless legs syndrome. According to these authors 
[16], in a cohort of 26,814 subjects taking DAs, the incidence rate of HF 
increased with the current use of a DA; in particular, it was significantly 
higher for pramipexole and cabergoline, whereas it was not significantly 
increased by ropinirole. The increased risk for HF associated with 
pramipexole was, however, not significant, when compared with all 
DAs taken collectively. Therefore, we can infer that the increased risk 

Figure 4: Forest plot of meta-analysis of randomized controlled trials of non-ergot dopamine agonists and the risk of any cardiovascular events in 
Parkinson’s disease patients.
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of HF is not a class effect, and the ergoline structure is likely not be 
implied in this complication, since the deterioration in pump function 
would occur in both ergot-derived (cabergoline, pergolide) and non-
ergot related (pramipexole) DAs. Hsieh and Hsiao [17] studied the 
risk of DA-related HF among Asian patients. They found an increased, 
but nonsignificant, risk with pramipexole proportional to the duration 
of use. In this study, HF was not found in patients with a history of 
peripheral edema, with the mechanism most likely being different. In 
addition to a high affinity for the dopamine D2, D3, and D4 receptors, 
pramipexole is also an alpha-2-adrenergic receptor agonist [51,52]. 
Thus, it is possible that pramipexole directly activates the α2-adrenergic 
autoreceptors, thereby reducing adrenergic tone and myocardial 
contractility. Consequently, in September 2012, the US Food and Drug 
administration warned of a possible increased risk of heart failure with 
pramipexole use in PD patients [13]. However, the limitations inherent 
in observational studies (in particular, detection bias, interference by 
known or unknown confounding factors, confounding by indication, 
etc.) make it difficult to determine whether the excess of a given 
pathologic event, e.g. heart failure is related to the drug or to other 
determinants. Therefore, no conclusion was reached by the FDA 
in this regard, and the warning released in September 2012 was not 

followed by actions aimed at its marketing limitation or by restrictions 
concerning the drug’s therapeutic indications. Contrary to some 
[15–17], but not all, observational studies suggesting that several non-
ergot Das, such as pramipexole, may increase the risk of heart failure, 
we did not observe a significant increase in the risk of heart failure 
associated with non-ergot DAs, as a class or individually, in an RCT 
setting. This discrepancy may be because observational studies tend to 
be more vulnerable to confounding by underlying comorbidities and 
detection bias, i.e. physicians may preferentially prescribe non-ergot 
DAs to PD patients with poor cardiac function (so-called confounding 
by indication) and pay more attention to monitoring the symptoms of 
heart failure. As a result, the users of non-ergot DAs would be more 
likely to be diagnosed with incident heart failure. Our meta-analysis 
revealed similar rates of all-cause mortality among PD patients 
receiving non-ergot DAs compared to those receiving only a placebo 
(Figure 3). Furthermore, the use of non-ergot DAs was shown not to 
be associated with an increased risk of cardiovascular events, including 
myocardial infarction or ischemic stroke (Figure 4). Thus, our results 
seem to affirm the substantial cardiovascular safety of non-ergot DAs, 
even among PD patients with a higher prevalence of heart failure and 
cerebrovascular disease [53,54].

 
Figure 5: Forest plot of meta-analysis of randomized controlled trials of non-ergot dopamine agonists and the risk of heart failure in Parkinson’s disease 
patients: stratified by individual drugs.
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Figure 6: Forest plot of meta-analysis of randomized controlled trials of non-ergot dopamine agonists and the risk of heart failure in Parkinson’s disease 
patients: stratified by Parkinson’s disease stage.

Implications and inferences of the meta-analysis
Unlike case-control studies, the results obtained in RCTs are less 

susceptible to residual or unmeasured confounding, e.g. PD severity, 
comorbidities and a physician’s tendency to use innovative treatments, 
e.g. non-ergot DAs, especially in patients with a more deteriorated and 
drug-refractory clinical picture. The limitations of this study primarily 
reflect the challenges of assessing drug safety in clinical trials. First, 
only a limited number of trials reported cardiovascular events, which 
prevented us from conducting further subgroup analyses or meta-
regression adjustments to check for the mediation of effects by important 

characteristics. Second, none of the trials included cardiovascular 
events as predefined outcomes and these endpoints were not defined 
uniformly across trials. Therefore, the misclassification of these adverse 
events is possible. Nonetheless, all of the trials included in this study 
were double blind, so that any such misclassification is likely to be non-
differential, which may bias the results toward the null. Third, some of 
the studies we included did not provide detailed information related 
to adverse events, particularly cardiovascular events (possible selective 
reporting bias). Fourth, we were unable to evaluate confidently the 
long-term safety of non-ergot DAs due to limitations in the availability 
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 Figure 7: Forest plot of meta-analysis of randomized controlled trials of non-ergot dopamine agonists and the risk of heart failure in Parkinson’s disease 
patients: stratified by length of follow-up (< 24 weeks: short term; ≥ 24 weeks: long term).

of data. Previous clinical trials and observational studies reported that 
increased risk was observed within months of initiating non-ergot 
DAs. Finally, we attempted to pool data from multi-center trials that 
enrolled patients with early stage PD as well as those with advanced 
stage PD. Thus, our results from the meta-analysis of RCTs may have 
limited generalizability and may not be applicable to frail PD patients 
in real practice.

Comparison with previous findings and implications of 
findings

In our meta-analysis, the risk of overall mortality in the DAs 
group was similar to that observed in the placebo group. This finding 
somewhat conflicts with an earlier systematic review and meta-analysis, 
which reported an RR of 0.45 (95% CI: 0.21–0.97) when comparing 
the all-cause mortality in the patients’ group treated with DAs plus 

levodopa in comparison with those treated with levodopa alone [55]. 
The survival benefit associated with the use of DAs was attributed 
by the authors to the ability of non-ergot DAs to improve motor 
symptoms and reduce choking and aspiration pneumonia. Also, Ernst 
et al. [56], based on a nested case-control study by analyzing the U.K. 
General Practice Research Database, found that the use of pramipexole 
was associated with a 24% reduction in the risk of pneumonia (RR 0.76; 
95% CI: 0.57–1.02).

Considering the discrepancies with regard to the mortality found by 
comparing our meta-analysis with the one mentioned above, it would 
be appropriate to defer any definitive judgment on this point. Instead, 
it could be stated even now that the class of non-ergot DAs is not 
burdened by increased risk of incident heart failure or newly diagnosed 
adverse cardiac events when compared to the conventional therapy 
with levodopa alone. In any case, additional large-scale population-
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based studies will be required to confirm the lack of unfavorable 
repercussions on the heart and cardiovascular system related to the 
prolonged use of non-ergot DAs in conjunction with levodopa.

Conclusion
In conclusion, the present meta-analysis has substantial 

implications for clinical practice, since the use of non-ergot DAs for 
PD patients was proven not to increase the incidence of heart failure. 
Likewise, these drugs were shown not to be associated with increased 
all-cause mortality or increased risk of cardiovascular events. However, 
further investigations are required to assess the potential benefit and 
risk concerning the cardiovascular system in PD patients chronically 
treated with non-ergot DAs. For this purpose, large population-based 
data, derived from trials specifically aimed at exploring the drug’s 
cardiovascular safety, should be systematically collected and analyzed.
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