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Introduction: Dopamine agonists (DAs) are frequently used to treat early or
advanced Parkinson’s disease (PD) patients. They have been shown to be
efficacious for the treatment of motor symptoms and for delaying
levodopa-induced dyskinesias. However, their utilization is limited by the
risk of adverse drug reactions, some of which affect the cardiovascular system.
Recently, the US FDA identified a possible association between exposure to
pramipexole and the risk of heart failure.

Areas covered: This article begins by reviewing the pharmacodynamic and
cardiovascular effects of DAs on PD patients. Pharmacoepidemiological
studies about the association between DAs and heart failure are then
evaluated.

Expert opinion: Four nested case-control studies were reviewed. In general,
results showed higher heart failure risk following use of pramipexole or
cabergoline. Although the effects of cabergoline may be explained by the
induction of cardiac valve fibrosis, the basis for the significantly increased
risk associated with pramipexole is unclear. It remains to be determined if
these are dose-related effects, at what point they occur during the course of
treatment, and if the risk is the same for all patients irrespective of other
potential modifying factors, such as age and sex.
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1. Introduction

Levodopa remains the ‘gold standard’ for treating Parkinson’s disease (PD) [11.
Nevertheless, its initial impressive therapeutic efficacy is frequently limited within
a few years by the emergence of motor complications (such as fluctuations or abnor-
mal movements) and other neurological problems [2,3]. As a consequence, the treat-
ment of patients with PD has expanded to incorporate additional pharmacologic
approaches, including the use of dopamine receptor agonists and inhibitors of the
monoamine oxidase-B and/or catechol-O-metyltransferase enzymes.
Bromocriptine was the first dopamine agonist (DA) to be used as an adjunct to
levodopa therapy for PD patients experiencing motor fluctuations [4]. Presently,
nine different DAs are available worldwide for the treatment of PD, three of which
are ergot derivates (bromocriptine, cabergoline, pergolide, lisuride), while the
remaining five are not (apomorphine, piribedil, pramipexole, ropinirole, and roti-
gotine). Pergolide was withdrawn from the US and Canadian markets in
2007 because of concerns about adverse cardiovascular events [5,6], although it is still
available in Europe (7). Piribedil and lisuride are not available in North America.
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Article highlights.

» Dopamine agonists are frequently used in the
symptomatic treatment of early or advanced Parkinson'’s
disease patients and delay levodopa-induced dyskinesias.
Recently, the US FDA identified a possible association
between exposure to pramipexole and the risk of

heart failure.

Four nested case-control studies were reviewed. In
general, results showed higher heart failure risk
following use of pramipexole or cabergoline.

 The effects of cabergoline may be explained by the
induction of cardiac valve fibrosis. The basis for the
significantly increased risk associated with pramipexole
remains unknown.

It remains to be determined if these are dose-related
effects, at what point they occur during the course of
treatment, and if the risk is the same for all patients,
irrespective of other potential modifying factors such as
age and sex.

This box summarizes key points contained in the article.

Multiple randomized controlled trials and a large body of
clinical experience support the efficacy of DAs with respect
to symptomatic control of motor symptoms in both early
and advanced PD [8]. DAs also delay the occurrence of
levodopa-induced motor complications, reduce off-time in
patients with wearing off, (8] and can be used to ameliorate
some nonmotor symptoms such as depression [9].

Adverse drug reactions (ADRs) of dopaminergic and non-
dopaminergic origin often complicate the treatment of PD
with DAs. The former can be classified as peripheral (including
gastrointestinal reactions such as nausea and vomiting or
cardiovascular reactions such as orthostatic hypotension and
leg edema) or central (psychotic or behavioral syndromes and
sedative reactions) [8]. The most frequent nondopaminergic
ADRs include fibrotic reactions with ergot derivatives, applica-
tion site reactions with subcutaneous apomorphine or rotigo-
tine transdermal patches, skin reactions with bromocriptine,
and ocular disturbances with cabergoline [s].

Recently, the US FDA evaluated the risk of heart failure by a
pooled analysis of randomized clinical trials [10]. All random-
ized, placebo-controlled, Phase II and III clinical trials of pra-
mipexole submitted by the manufacturer (Mirapex®,
Bochringer Ingelheim) were analyzed. Results showed that
the frequency of newly diagnosed heart failure was nonsignifi-
cantly higher with pramipexole (0.29%) as compared to
placebo (0.14%) [10].

The objectives of this paper are to review the general phar-
macodynamic characteristics and cardiovascular effects of
DAs and to evaluate the evidence linking exposure to DAs
with heart failure.

With this in mind, literature searches were conducted in
Pubmed to identify publications about the relationship
between heart failure and exposure to DAs. Only four articles
on this topic were found, which will be reviewed in Section 4.

Therefore, we took the opportunity to review their cardiovas-
cular effects and pharmacodynamic bases for such effects,
aiming to identify clues about the possible mechanisms of
heart failure with DAs.

2. Pharmacodynamic characteristics of DAs

We begin by reviewing the localization and actions of dopa-
mine receptors, which are the main targets of DAs.
A summary of their localization and effects in the human
body is given in Table 1. We will focus on cardiovascular
effects resulting from the activation of these receptors. Full
discussion of the pharmacodynamic properties of DAs can
be found elsewhere [11,12].

The central dopaminergic neuron system comprises three
main pathways: the nigrostriatal, the mesolimbic/mesocortical,
and the tubular-infundibular pathways [11]. The nigrostriatal
pathway originates in the substantia nigra pars compacta, proj-
ects to the striatum, and is involved in regulating basal ganglia
function. The mesolimbic and mesocortical pathways originate
in the ventral tegmental area (A10), project to cortical struc-
tures, affect cognitive function and motivation, and are also
part of the reward system [13]. The tubular-infundibular path-
way originates in the hypothalamus, projects to the hypophysis
and other targets, and is involved in neuroendocrine regulation
and wake-sleep cycle generation. Activation of dopamine
receptors in some of these pathways can produce cardiovascular
effects. For example, some studies suggest that the basal ganglia
are involved in autonomic regulation of blood pressure and
heart rate [14]. In a group of 34 healthy subjects, striatal dopa-
mine D2/D3 receptor binding correlated negatively with
supine resting systolic blood pressure and heart rate, and posi-
tively with supine resting heart rate variability [15].

Dopamine also inhibits prolactin secretion [16]. Prolactin
increases heart rate and vascular tone, [17,18] and induces endo-
thelial dysfunction leading to inflammation and altered func-
tion [19]. In the heart, D;-, D3- and Dy agonists show no
major effects, whereas D, agonists decrease heart rate and
left ventricular contractility [20].

Dopamine also exerts pronounced cardiovascular and renal
effects by activating both D1-like and D2-like dopamine
receptors located at various sites within the cardiac, vascular,
and renal regions [112122]. For example, stimulation of
D1-like receptors induces vasodilatation and natriuresis,
whereas stimulation of D2-like receptors results in inhibition
of norepinephrine release and inhibition of aldosterone secre-
tion, contributing to vasodilatation and sodium excretion.
Effects on vessel walls are mediated by postjunctional
D1-like and prejunctional D2-like receptors. Interestingly,
intravenous administration of apomorphine to dogs resulted
in blood pressure fall due to vasodilation, which in turn, led
to increased heart rate, stroke volume, and cardiac output [23].

The kidney, a target of dopamine, expresses both D1-like
and D2-like receptors [11,21]. Renal D1-like receptors exhibit
vascular and tubular localization. Acting on these receptors,
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Table 1. Dopamine receptors.
D1 family D2 family

D, Ds D, D; D,
Function
Adenylate cyclase + + - ? ?
PIP turnover + + - ? ?
Distribution
Brain Striatum Hypothalamus Striatum Olfactory tubercle Frontal cortex

Nucleus Hippocampus Substantia nigra Hypothalamus Midbrain
accumbens Mesolimbic pathway
Periphery Heart Vascular Vascular Vascular Heart
Kidney Kidney Heart Kidney Kidney
Sympathetic
ganglia
Effects on blood pressure regulation
Heart rate/contractility 0 ? - - -
Natriuresis and diuresis + + + + ?
Vasodilation + + + + ?
Other - Inhibition of AT1 Antagonize Inhibition of AT1 Antagonize vasopressin-
receptor expression Angll receptor expression and aldosterone-

Inhibitory effect on
vascular proliferation

and rennin excretion dependent water and

sodium reabsorption

Angll: Angiotensin Il; AT1: Angiotensin receptor 1; PIP: Phosphoinositolphosphate.

dopamine inhibits renal sodium-potassium pump activity
and the Na'/H" exchanger, which produces a salt-losing
effect. On the other hand, D2-like receptors have been shown
to inhibit renin release. Dysfunction of the renal dopaminer-
gic system has been proposed as a pathogenetic factor in some
forms of hypertension [24].

Dopamine receptors are also expressed in sympathetic
ganglia [25]. For example, in anesthetized dogs and in vitro
studies on arterial preparations, Dj-receptor agonists inhib-
ited norepinephrine release. Furthermore, D, receptors
have also been found in the adrenal medulla and in isolated
chromaffin cell preparations. In a recent study, quinpirole-
induced inhibition of the sympathetic vasopressor outflow
is primarily mediated by activation of dopamine D2-like
receptors [26]. A similar effect has been observed with Ds
receptors [21].

Dopamine has been hypothesized to affect insulin secre-
tion, based on findings of hyperinsulinemia following admin-
istration of neuroleptics to normal subjects and reduced
insulin secretion in PD patients treated with levodopa [27.28].
In vitro studies performed in isolated pancreatic islets further
suggest the participation of D, receptors in insulin secretion.
Interestingly, D2R knockout mice demonstrate impairment
of insulin response to glucose, high fasting glucose levels,
and glucose intolerance [27,28]. Bromocriptine has also recently
been shown to be effective for the treatment of type 2 diabetes
mellitus, probably by reducing insulin resistance when admin-
istered at appropriate circadian moments [29,30]. Finally, it has
been shown that dopamine inhibits histamine-induced
endothelial exocytosis by activating D2-like receptors, thus
reducing Von Willebrand factor secretion [31].

DAs differ in their affinities for dopamine receptors. As
demonstrated in Table 2, bromocriptine is a D2-like receptor
agonist and a weak D1-like receptor antagonist, while apomor-
phine and pergolide are mixed D1- and D2-like receptor
agonists. Ropinirole and pramipexole bind selectively to
D2-like receptors [12,32,33], with pramipexole being most selec-
tive. Within the D2-like receptor family, these agonists have
higher affinity for the D3 receptor compared with D, receptor,
with pramipexole again showing higher selectivity.

DAs also bind to nondopaminergic receptors (Table 2). For
example, ergolinic derivatives demonstrate high to moderate
affinity for a variety of nondopaminergic receptors such as
o-adrenergic (o0 1 and o 2) and serotonergic (SHT1 and
SHT?2) receptors [12,32,34-36). Nonergolinic receptors are devoid
of appreciable effects on SHT or oil-adrenergic receptors but
retain considerable activity on 0.2-adrenergic receptors.

02-adrenoceptors belong to the superfamily of G-protein-
coupled receptors [37,38]. On one hand, they bind to the inhib-
itory G proteins Gi and Go and decrease adenylcyclase activity;
however, they are also coupled to Gs-proteins, thus increasing
adenylcyclase activity. Activation of these receptors could
decrease cellular cAMP levels at low agonist concentrations,
while at higher concentrations cAAMP may be increased. There
are three main receptor subtypes, referred to as receptors A - C,
respectively. A fourth originally described subtype, the adreno-
ceptor (receptor D), is now accepted as an A-subtype receptor.

The A-subtype receptor is the major autoreceptor in
sympathetic neurons, where it inhibits the release of norepi-
nephrine. The C-subtype also functions as an autoreceptor,
but it is expressed in sympathetic nerve endings more than
in central adrenergic neurons. It has been suggested that
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Table 2. Binding affinity of dopamine agonists for dopaminergic and nondopaminergic receptors.

Agonists D1-like D2-like 5HT1 5HT2 a-1 a-2
Ergolinic derivates

Bromocriptine 0 ++ ++ +++ ++ ++
Cabergoline 0/+ +++ ++ ++ ++ ++
Pergolide + +++ + +++ ++ ++
Nonergolinic compounds

Apomorphine ++ ++ 0/+ 0/+ 0/+ ++
Piribedil 07+ +++ 0 0/+ 07+ ++
Pramipexole 0/+ +++ 0/+ 0/+ 0/+ ++
Ropinirole 0 +++ 0 0/+ 0/+ +
Rotigotine 0 +++ + ? + +

+++: Strong; ++: Moderate; +: Mild; 0: No effect.

C-subtype receptors may control norepinephrine release at
low-action potential frequencies. In contrast, the A-subtype
seems to operate primarily at high-stimulation frequencies in
sympathetic nerves, and may thus be responsible for control-
ling noradrenaline release during maximal sympathetic activa-
tion. In contrast, 02-B adrenoreceptors are found mainly
postsynaptically throughout the body.

In summary, based on their pharmacodynamic profile, DAs
may be expected to i) reduce sympathetic tone and sodium
retention, thus leading to reduced blood pressure; ii) reduce
heart rate and contraciility, thus leading to reduced cardiac
oxygen consumption; iii) reduce insulin resistance, leading to
improved metabolic functioning; and iv) to reduce Von
Willebrand Factor secretion, thus leading to reduced coagula-
bility potential. Interestingly, all these effects should theoreti-
cally lead to cardioprotection. In the following section, the
cardiovascular effects of DAs observed experimentally will be
reviewed.

3. Cardiovascular effects of DAs

Short-term cardiovascular responses to bromocriptine admin-
istration were previously explored in healthy subjects (39]. Ten
healthy subjects, 31 + 2 years of age, were evaluated following
administration of bromocriptine (2.5 mg) alone and after
blocking peripheral D2-like receptors by domperidone. An
electrocardiogram was performed in the supine and sitting
positions, and the low-frequency (LF) component, the high-
frequency (HF) component, and the LF/HF ratio were calcu-
lated. The latter is used as an index of sympatovagal balance,
whereas the HF component, is thought to represent the vagal
cardiac influence. Change from the supine and sitting posi-
tions induced an increase in the LF/HF ratio, a reduction in
the HF component, and increased norepinephrine release.
Administration of bromocriptine led to a reduction of blood
pressure, a reduction in norepinephrine release, and an
increase in the LF/HF ratio. These effects were not completely
blocked by pre-administration of domperidone, a peripheral
blocker of dopamine receptors. Indeed, a decrease in diastolic
blood pressure was still observed. Norepinephrine release was

not altered and the LF/HF ratio (a marker of sympathetic
tone) decreased. These results suggest that blood pressure
reduction after treatment with bromocriptine occurs by
peripheral and central mechanisms. The peripheral mecha-
nisms involve inhibition of norepinephrine release, which
induces a reflex increase in the sympathetic cardiac influence.
Peripheral blockade of dopamine receptors did not mitigate
bromocriptine’s hypotensive effects, although a reduction of
sympathetic tone was seen in this case.

The effects of bromocriptine on blood pressure and pulse
rate were also studied in 20 untreated PD patients in whom
bromocriptine monotherapy was initiated [40]. Results showed
a dose-dependent reduction in supine systolic and diastolic
blood pressure, offset by a small increase in heart rate. In a
group of untreated PD patients, administration of a D1 ago-
nist significantly decreased blood pressure and peripheral
norepinephrine release in the supine position and caused
orthostatic hypotension [41].

Cardiovascular effects of extended treatment with pergolide
were studied in 40 patients, in whom treatment was initiated
after inclusion in the study [421. During the course of treat-
ment with pergolide, seven patients experienced arrhythmias,
two experienced syncope, and eight of them experienced
orthostatic hypotension. Critical atrial fibrillation has also
been observed with ropinirole [43].

Recently, cardiovascular effects of rotigotine were explored in
34 de novo PD patients [44]. Rotigotine is a nonergolinic agent
with low affinity for the 02-adrenergic receptors (Table 1).
Results showed that drug administration did not modify cardio-
vascular parameters, including orthostatic blood response or
cardiac responses to the valsalva maneuver, or to deep breathing.

Treatment with ergot and nonergot DAs induces leg edema
more frequently than levodopa [8]. In different clinical trials, fre-
quency of edemas with pramipexole was 42% versus 15% with
levodopa and 16% with ropinirole or cabergoline versus 3% in
control groups treated with levodopa [8]. Risk factors for periph-
eral edema include female sex and cardiovascular comorbidities.
A recent study reported that edemas were more frequent with
DAs as compared to levodopa, with no statistically significant
differences among the different DAs [45).
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Table 3. Studies exploring the association between exposure to DAs and the occurrence of heart failure.

Author, year

Arbouw et al.
2012 [50]

Mokhles et al.
2012 [51]

Renoux et al.
2012 [53]

Hsieh and Hsiao
2013 [52]

Study design
Source

Study base

Definition of
exposure

Event definition

Controls

Sample size

Confounding
factors assessed

Nested case-control
PHARMO database

At least one prescription
for a dopaminergic agent
after the age of

55 (1994 - 2007)

At least one prescription
within 1 year before the
index date
Hospitalization for a
coronary, peripheral or
cerebral vascular event
Matched to case patients
on gender, duration of
prescription and age

(5 years)

Study base = 8094.
Cases = 542,

controls = 2155

Prior hospitalization due
to ischemic events or
other events,
co-medication

Nested case-control
Health Improvement
Network (UK), Health
Search Database (Italy);
Integrated Primary Care
Information & PHARMO
(Holland)

1 year of medical history;
new users of either DAs
or levodopa for PD

Any prescription for DA
or levodopa

Incident HF confirmed by
review of electronic
recordings

Matched to each case on
database, age (+2 years)
and sex

Study base = 25,459.
Cases = 527,
controls = 38,641
Concomitant
cardiovascular,
autoimmune,
Gastrointestinal or
metabolic disorders,
co-medication

Nested case-control
UK General Practice
Research Database

Users of antiparkinsonian;,
40 - 89 years of age
between 1997 and 2009

Actual or past use of DAs

Incident HF confirmed by
review of electronic
recordings

Drug indication, age, sex,
new user status and year
of entry

Study base = 26,814.
Cases = 783,
controls = 7454
Alcohol, smoking,
Body mass index,
comorbidities,
co-medications

Nested case-control
Taiwan's National Health
Insurance research
database

Users of antiparkinsonian
drugs between 2001 and
2010

Actual or past use of DAs

Incident HF

Age, gender and cohort
entry year

Study base = 27,135.
Cases = 1707,

controls = 3414
Reason for prescription,
comorbidities,
co-medications

DA: Dopamine agonist; HF: Heart failure; PD: Parkinson’s disease.

Ergot-derived DAs can induce pleuropulmonary, pericar-
diac, and/or retroperitoneal fibrosis (8. Indeed, the risk of val-
vular fibrosis is significantly higher for these agents compared
to nonergolinic DAs [45]. It has been suggested that this effect
is mediated by the activation of the SHT2B receptor [46].
Interestingly, there are no reports on heart valve fibrosis
with lisuride, which is a SHT2B receptor antagonist [47].

Apart from these alterations, ergot-derived compounds do
not appear to alter cardiac morphology [48,49].

4. Association between exposure to DAs and
heart failure

To the best of our knowledge, four studies to date have
explored the relationship between exposure to DAs and the
occurrence of heart failure (50-53. They provided mixed
results. Study protocols - nested case-control studies within
cohorts obtained from healthcare databases - are summarized
in Table 3. Study databases comprised patients of defined ages
with prescriptions for dopaminergic drugs used in PD, par-
kinsonian syndromes, restless leg syndrome, hyperprolactine-
mia, or acromegaly. Although only one study population

was limited to PD patients, patients older than 50 years
treated with antiparkinsonian drugs generally represent PD
cases. Exposure was defined as one or more prescriptions of
a DA, and patients were classified as current or past users of
this class of drug. Nonexposure was defined as patients with-
out such a prescription. In one study, however, only subjects
on levodopa were included in this group. The outcome was
diagnosis of heart failure in the majority of studies based on
a review of electronic health records. In one study, the out-
come was defined as hospitalization for a coronary, peripheral
or cerebral vascular event.

Such studies are restricted by many of the same limitations,
which may explain a number of inconsistencies regarding
results, some of which were initially identified by The US
FDA qo0). First, the inclusion of non-PD patients, reflecting
the use of antiparkinsonian for other indications, may have
introduced some heterogeneity in the populations under study.
Second, cardiovascular comorbidities were different in exposed
and nonexposed groups, being generally more frequent in cases
than in controls. Some degree of information bias might have
been introduced by the fact that DAs induce peripheral ede-
mas, which might have prompted the search for other
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Table 4. Risk of heart failure with dopamine agonists.

Mokhles et al. 2012 [51]

Renoux et al. 2012 [53] Hsieh and Hsiao 2013 [52]

Any dopamine agonist

Ergolinic compounds 1.03 (0.69 - 1.55

)

Cabergoline 1.30 (0.76 - 2.22)

Bromocriptine 0.79 (0.19 - 3.25)

Pergolide 0.78 (0.41 - 1.46)

Nonergolinic compounds 1.18 (0.85 - 1.62)
Pramipexole 1.61(1.09 - 2.38)*

Ropinirole 0.82 (0.50 - 1.34)

1.58 (1.26 - 1.96) 1.22 (0.89 - 1.67)
- 1.46 (1.00 - 2.12)
2.07 (1.39 - 3.07)* 2.39(0.41 - 14.12)
- 1.54 (0.93 - 2.55)
1.42 (0.95 - 2.12) 1.39(0.77 - 2.48)
- 1.24 (0.84 - 1.82)
1.86 (1.21 - 2.85)* 1.40 (0.75 - 2.61)
1.23(0.85-1.77) 1.22 (0.76 - 1.95)

Odds ratio as obtained from logistic regression are shown.
*p < 0.05.

cardiovascular diseases, including heart failure. Finally, heart
failure diagnosis was not confirmed by an independent review
of medical charts. It must also be mentioned that the effect of
some DAs, such as rotigotine, piribedil or apomorphine, could
not be properly analyzed due to insufficient power.

Results from the three studies that used heart failure as the
study outcome will be reviewed. The study from Renoux and
colleagues included 26,814 users of antiparkinsonian drugs in
whom 787 cases of heart failure (possible or probable) were
diagnosed during the follow-up (annual rate = 8.7 per
1000) (53]. Such cases were matched to 7454 controls (up to
10 per case). Body mass index (BMI), smoking, alcohol abuse,
frequency of cardiovascular and metabolic comorbidities, and
frequency of treatment by diuretics were higher in cases com-
pared to controls. Thirty-two heart failure cases (4.1%) were
on pramipexole versus 211 (2.8%) controls (adjusted odds
ratio (OR), 95% CI = 1.86, 1.21 - 2.85). Ropinirole was
used by 40 (5.1%) cases and 385 (2.5%) controls (1.23,
0.85 - 1.77), cabergoline was used by 36 (4.6%) cases and
217 (2.9%) controls (2.07, 1.39 - 3.07) and pergolide was
used by 32 (4.1%) cases and 261 (3.5%) controls (1.42,
0.95 - 2.12). Increased risk of HF with pramipexole was
not modified by dose and therapy duration. Similarly, previ-
ous cardiovascular or peripheral edema history and prior levo-
dopa or DA use did not modify the risk of heart failure
with pramipexole.

In the study by Mokhles and colleagues, 527 possible or
probable HF cases were detected in 25,459 levodopa or DAs
new users [51]. Finally, 518 HF cases were matched to
38,641 cases. Cases had higher frequency of cardiovascular,
metabolic, and respiratory comorbidities. Cabergoline was
used by 15 (2.9%) HF cases and 1159 (3.0%) controls
(1.30, 0.76 - 2.22), pergolide was used by 11 (2.1%) cases
and 663 (1.7%) controls (0.78, 0.41 - 1.46), bromocriptine
was used by 2 (0.4%) cases and 155 (0.4%) controls (0.79,
0.19 - 3.25), pramipexole was used by 31 (6.0%) cases and
1806 (4.7%) controls (1.61, 1.09 - 2.38), and ropinirole
was used by 18 (3.5%) cases and 1720 (4.5%) controls
(0.82, 0.50 — 1.34). There was no dose effect but risk was
greater during the first 3 months of pramipexole use and in
patients > 80 years of age.

Hsieh and Hsiao identified 1707 HF cases among 27,135
users of antiparkinsonian drugs, who were matched to
3414 controls [52]. As observed in previous studies, cardiovas-
cular and metabolic comorbidities and treatments were more
frequent among cases. Pramipexole was used by 28 (1.6%)
of HF cases and 42 (1.2%) controls (1.40, 0.75 - 2.61), ropi-
nirole was used by 46 (2.7%) cases and 69 (2.0%) controls
(1.22, 0.76 = 1.95), cabergoline was used by 2 (0.1%) cases
and 5 (0.2%) controls (2.39, 0.41 - 14.12), pergolide was
used by 33 (1.9%) cases and 47 (1.4%) controls (1.39,
0.77, 2.48), and bromocriptine was used by 45 (2.6%) cases
and 60 (1.8%) controls (1.54, 0.93 - 2.55).

Risk of HF with the different DAs as observed by Mokhles
and colleagues, Renoux and colleagues, and Hsieh and Hsiao
are summarized in Table 4.

Arbouw ez al. 50] assessed the relationship between expo-
sure to DAs and the frequency of hospitalizations due to
ischemic events in PD patients by analyzing the PHARMO
database. Patients with at least one prescription for a medica-
tion containing levodopa and aged of 55 years between
1994 and 2006 were included. Cases were subjects with hos-
pitalizations due to coronary, peripheral, or cerebrovascular
events after 1997. Four controls per case were selected,
matched for gender, duration of prescription, history avail-
able, and age. Risk of hospitalization was nonsignificantly
increased with DAs (OR [95% CI], 1.19 [0.95 - 1.49]).
These results had to be interpreted cautiously, as they did
not exclusively assess heart failure, but ischemic effects leading
to hospitalization. On one hand, ischemic heart disease is the
leading cause of heart failure but not the only one [541. Fur-
thermore, peripheral or cerebrovascular events were included,
which are not related to heart failure.

5. Conclusions

DAs have a central role in the treatment of PD. Nonetheless,
their use can be complicated by an increased risk of some seri-
ous ADRs, some of which are of cardiovascular origin.
Among cardiovascular ADRs, one of the most frequent is
orthostatic hypotension and the most severe is cardiac valve
fibrosis leading to regurgitation, which is only observed with
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ergolinic compounds. Results from nested case-control studies
herein reviewed suggest that pramipexole and cabergoline
might increase the risk of heart failure in PD patients. Initial
results suggest that this reaction may be more frequent in
aged subjects and during the first few months after beginning
treatment in those treated with pramipexole.

6. Expert opinion

DAs exert a range of cardiovascular effects related to the acti-
vation of dopaminergic and nondopaminergic receptors.
They reduce peripheral resistance, increase salt and water
excretion, reduce endothelial activation, and reduce insulin
resistance by central and peripheral mechanisms. It is, there-
fore, not surprising that DAs have been used experimentally
for the treatment of hypertension [55] and have been shown
to be efficacious for the treatment of type 2 diabetes [56].

Results suggest that cabergoline and pramipexole appear to
increase the risk of heart failure. It was suggested that for
cabergoline, cardiac valve fibrosis might lead to heart failure.
However, this happens infrequently [57] and might not fully
account for the proposed relationship. Mokhles and col-
leagues performed an exploratory analysis restricted to heart
failure cases preceded by new onset cardiac valve regurgitation
occurring after the start of drug use [51]. results showed that
cabergoline but not pramipexole was related to heart failure
occurrence. These results, however, do not rule out the possi-
bility that cabergoline increase the risk of both events, which
are otherwise not associated to one another.

The link between pramipexole and heart failure, while
intriguing, is difficult to explain. One possibility is that pra-
mipexole increases the risk of peripheral edema, which can
lead to a false diagnosis of heart failure. Nonetheless, results
reported by Renoux and colleagues suggest that the risk of
heart failure associated with pramipexole was independent of
the presence of peripheral edemas [53].

Pramipexole’s effects were more pronounced during the
initial months after beginning treatment [51]. As heart failure
is a chronic condition, this may argue in favor of an unmask-
ing effect of pramipexole. In the present context, subjects
starting on pramipexole may be more closely monitored
because of known cardiovascular ADRs, leading to enhanced
diagnosis of a subclinical chronic heart failure. Nonetheless,
it is clear that this result needs to be confirmed, before any
firm conclusion is drawn.

It is also possible that pramipexole impacts adversely on the
cardiovascular profile, leading to heart failure only in subjects
with risk factors, such as male gender, less education, physical
inactivity, cigarette smoking, overweight, diabetes, or hyper-
tension [54]. This coincides with the observation that heart fail-
ure risk was higher in aged subjects and that cases had more
cardiovascular antecedents, comorbidities, and co-medications
in all studies reported to date [51-53].

Heart failure and DAs

Intriguingly, based on its pharmacodynamic properties, a car-
dioprotective effect of pramipexole may be postulated. Indeed,
as discussed in Section 2, it may reduce blood pressure load,
heart oxygen consumption, insulin resistance, and hypercoagu-
lability. However, previous experience cautions against such
simplified reasoning. For example, based on its pharmacody-
namic properties, milrinone was initially thought to have thera-
peutic potential for treating heart failure, but was later shown to
increase mortality [58]. Ibopamine, a DA, has also been shown to
reduce survival in patients with heart failure [59). Similarly, pra-
mipexole appears to alter cardiovascular function in an adverse
way, leading to heart failure. The fact that its pharmacodynamic
characteristics might theoretically suggest a cardioprotective
effect may indicate that this drug acts on that this drug acts on
pathways that are not fully elucidated. Therefore, more research
on the mechanism of DAs action of action is warranted.

Interestingly, ropinirole does not appear to lead to an
increased risk of heart failure, suggesting a specific effect of
pramipexole. The major difference between these drugs is
affinity to D3 receptors, which is higher for pramipexole. At
this point, how activation of such receptors might alter
cardiac function remains unclear.

Many unanswered questions regarding the risk of heart fail-
ure associated with exposure to pramipexole warrant further
investigation. First, the cardiovascular effects of pramipexole
in PD patients should be investigated, ideally in a comparative
study with other DAs. Second, more information is needed to
fully characterize the relationship between DAs and heart fail-
ure, including the effects of dose, treatment duration, clinical
relevance, and if they are modified by co-administration of
other antiparkinsonian drugs. Finally, a risk-benefit analysis
should be conducted, focusing on patient groups with higher
risk of heart failure. For example, if the risk of heart failure is
only increased in pramipexole users over 80 years of age, then
its impact in the general population may be less obvious, as
these subjects are not frequently treated with DAs due to a
higher risk of neuropsychiatric complications [60]. It is also
recommended that in future studies, diagnosis of heart failure
be based on echocardiography and most importantly on the
measure of natriuretic peptides circulating levels [61].
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