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ARTICLE INFO ABSTRACT

Background: A direct antidepressant effect has been reported for certain dopaminergic medications used in the
treatment of Parkinson's disease (PD).
Mood Objective: To examine whether dopaminergic medications may exert differential effects on mood in early PD.

Keywords:
Parkinson's disease

Depression Methods: We analyzed prospectively-collected 5-year data on 405 early, drug-naive (at baseline) PD patients
f:f;:;: agonists enrolled in the Parkinson's Progression Markers Initiative (PPMI) cohort study, initiated on levodopa, dopamine

agonists (DAs), or monoamine-oxidase type B inhibitors (iMAO-B) under naturalistic conditions. The outcome
for depressive symptoms was the 15-item Geriatric Depression Scale (GDS-15) score. Potential motor and cog-
nitive confounders were measured using the Unified Parkinson's disease Rating Scale (MDS-UPDRS-III) and the
Montreal Cognitive Assessment (MoCA). Three statistical models were used to determine medication effects on
GDS-15 scores: unadjusted, adjusted, and a marginal structural model.

Results: One-third of patients in this cohort met GDS-15 threshold for clinically-significant depressive symptoms
(GDS-15 = 5). There was a marginal positive effect on GDS-15 scores after iMAO-B treatment initiation (—0.35
95%; CI: —0.73, 0.04; p = 0.08). There were no significant interactions between any of the three medication
groups, but robust interactions between MoCA scores and both DAs (p = 0.005) and iMAO-B (p = 0.03) use on
GDS-15 scores. Specifically, as MoCA scores worsened, DAs yielded a steeper worsening of GDS-15 scores while
iMAO-B a moderating effect on GDS-15.

Conclusion: Dopaminergic medications have no direct effect on mood in early, unselected PD patients.

MAO-B inhibitors

1. Introduction a specific drug or drug class or typical of dopaminergic medications as a

whole. Further, the lack of comparisons across all dopaminergic med-

Depression is a common comorbidity in Parkinson's disease (PD),
affecting approximately 30-40% of patients [1]. The tricyclics ami-
triptyline, nortryptiline, and desipramine; selective serotonin reuptake
inhibitors citalopram, escitalopram, and paroxetine; and the serotonin-
norepinephrine reuptake inhibitor venlafaxine, may have anti-
depressant effects in PD [2-6]. Preliminary evidence suggests that there
may also be a direct antidepressant effect by dopamine agonists (DAs)
[7-13] and monoamine oxidase type B inhibitors (iMAO-B) in PD
[14,15]. These observations have been from single-agent retrospective
or placebo-controlled studies [13]. which preclude a definitive answer
to the question of whether putative antidepressant effects are unique to

ications, including levodopa, has made it difficult to determine the
extent to which mood enhancement may be explained by the differ-
ential improvement in motor function that these drugs are known to
exert. The latter is the reason regulatory authorities consider PD-asso-
ciated depression a “pseudospecific” therapeutic target [16], which has
hampered efforts at designing studies to properly examine the putative
mood-enhancing effects of DAs compared to other dopaminergic med-
ications.

The primary objective of this study was to examine the effect on
mood by different dopaminergic drugs (levodopa, iMAO-B, and DAs)
after correcting for their effects on motor function, using the
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naturalistic treatment conditions of the longitudinal Parkinson
Progression Markers Initiative (PPMI) study cohort, whereby these
drugs were administered to early, treatment-naive patients to target
motor impairment rather than mood impairment.

2. Methods
2.1. Participants

Patients with newly diagnosed, untreated PD were enrolled in the
PPMI study, an observational, international, multicenter (16 sites from
the US, 5 from Europe, and 1 from Australia) study designed to identify
PD progression biomarkers. The aims and methodology of the study
have been published elsewhere [17]. The study was approved by the
institutional review board at each of the participating sites and written
informed consent was obtained from all participants. At completion of
study baseline there were data from a total of 423 PD patients.

2.2. Assessments

PPMI participants underwent baseline and periodic assessments of
motor and non-motor features. Severity of depressive symptoms was
assessed using the 15-item Geriatric Depression Scale (GDS-15), a va-
lidated screening tool for depression in PD, with a cut-off score of =5
recommended to indicate the presence of clinically-significant depres-
sive symptoms [18]. Severity of state and trait anxiety symptoms was
assessed with the State-Trait Anxiety Inventory (STAI) [19]. Cognitive
function was measured with the Montreal Cognitive Assessment
(MoCA) [20] and motor severity with the motor subscale of the
Movement Disorders Society-Unified Parkinson's disease Rating Scale
(MDS-UPDRS-III) [21].

2.3. Treatment decisions by PPMI investigators

Study participants could start dopaminergic treatment at any point
after baseline at the judgment of the investigators to address motor
deficits. The cohort was not selected based on presence or absence of
depression. Information about medication dosages was not readily as-
certained in the database and is therefore not included. Search terms
were used to identify each of the commercially available antidepressant
medications in the concomitant medications form.

2.4. Statistical analysis

Traditional methods to estimate the effect of PD medications on
GDS scores must control for the presence of multiple confounders (e.g.,
MDS-UPDRS-III scores, MoCA scores, anti-depressant use, STAI scores,
and levodopa-equivalent daily doses) by including them as covariates in
a longitudinal model. However, these methods may not properly ad-
dress the potential role of confounding variables, particularly on a co-
hort not randomized according to the medications examined, many of
which may plausibly impact the use of other medications and affect
GDS scores as well as MDS-UPDRS-III and MoCA scores, which in turn
may influence the decision-making process by clinicians in choosing
one medication over another.

We accessed the baseline and post-treatment Years 1 to 5 for GDS-
15 and MDS-UPDRS-III data divided by the three treatment-initiation
groups of interest: levodopa, DAs (pramipexole, ropinirole, and roti-
gotine), and iMAO-B (selegiline and rasagiline) as well as all possible
combination therapies involving the three groups. All groups may
change each year; some individuals can move from one group to an-
other within a year. Between-group comparisons for baseline age,
gender, MoCA, GDS-15, STAI, and MDS-UPDRS-III variables were per-
formed using ANOVA for continuous variables and Chi-square tests for
categorical variables. We formulated three questions from the data: (1)
is there a significant effect of either of the three treatment groups on
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GDS scores? (2) are there any significant interactions among the
treatments on GDS scores? and (3) are there any significant interactions
among the treatments and MDS-UPDRS-III and MoCA scores on GDS
scores? For each of these three questions, we used three statistical
models:

1. Unadjusted model. This model included baseline characteristics, PD
medication use, MDS-UPDRS-III scores, and MoCA scores.

2. Adjusted model. This model includes model 1, but also additional
adjustments for antidepressant use, STAI score, and levodopa
equivalent daily dose (LEDD).

3. Marginal structural model (MSM). To robustly examine the effect of
PD medications on GDS scores given a complex web of relationships
between the variables involved, we used MSM, a causal model for
the estimation of time-dependent exposure in the presence of time-
dependent confounders from observational data [22]. MSM account
for the time-dependent confounding through a re-balancing of the
study population, as opposed to the traditional approach of in-
cluding these confounders directly in the statistical model. Im-
plementing MSM requires developing a weight for each participant
in the dataset. If a weight is < 1 (but > 0), that particular partici-
pant is down-weighted (given less influence than one person-unit).
If a weight is > 1, that particular participant is up-weighted (given
more influence than one person-unit). In this manner, the entire
study population is rebalanced across important time-varying con-
founders among medications, MDS-UPDRS-III scores, MoCA scores,
antidepressant use, STAI score, and LEDD, and direct inference of
the medications on GDS scores can be made (see further details in
Supplementary Methods, online).

3. Results

Of the 423 PPMI PD subjects, 368 provided at least one complete
baseline record and one complete follow-up record. Of the 329 subjects
with Year 1 data, 169 (51.4%) were not on medication by the end of
Year 1; 63 of 279 (22.6%) remained untreated by the end of Year 2;
only 30 of 250 (12.0%) by the end of Year 3; and only 15 of 209 (7.2%)
by the end of Year 5 (Fig. 1). As expected, over the course of the study
period, monotherapy for DAs and MAO-B inhibitors became less
common, in favor of levodopa monotherapy and combination therapy.

3.1. Demographics and assessments at baseline

Because all PPMI subjects were untreated at baseline, we group
subjects' baseline characteristics by their treatments recorded at Year 1.
Patients on levodopa were older (mean age, 64.7 = 10.3 years) and
had greater motor severity (MDS-UPDRS-III, 25.5 *+ 9.2) compared to
those on DAs or iMAO-B (Table 1), consistent with recommendations to
initiate levodopa in elderly and more impaired patients.

There were 121 patients treated with antidepressants throughout
the study period, of which 112 (30.4% of the entire cohort) met criteria
for clinically-significant depressive symptoms at any time during their
follow-up (GDS-15 = 5). Because of the significant differences across
groups for age and MDS-UPDRS-III variables, we then investigated all
pairwise differences to evaluate the sources of the overall difference. As
all pairwise comparisons among the medication groups that were as-
sociated with a significant p-value for either the age or MDS-UPDRS-III
variables involved the levodopa monotherapy group, we conclude that
only levodopa drove the significant differences observed in Table 1.
Gender, cognitive function, STAIL, and GDS-15 were similar across all
groups at baseline.

3.2. Effect of medications on GDS scores

There was a consistent trend in GDS-15 improvement for subjects on
iMAO-B versus those not on iMAO-B (per MSM model: -0.35 95%; CI:
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Fig. 1. Proportion of PPMI subjects in each medication group over time. Created from data extracted on May 7, 2018.

—0.73, 0.04; p = 0.08). None of the estimates for this or other medi-
cation groups were, however, statistically significantly different from
zero on any of the statistical models (Table 2).

3.3. Interactions among medications on GDS scores

There were no significant interactions among the medications in
any of the statistical models (allp > 0.05). There was no evidence that
any of the combination therapies were associated with significant
changes in GDS scores.

3.4. Interactions among medications and MDS-UPDRS-III and MOCA
scores on GDS scores

After removing the non-statistically significant interactions, three
interactions were either statistically significant or marginally non-sta-
tistically significant in all three statistical models (Table 3). There were
strong interactions between MoCA scores and both DAs (p = 0.005) and
iMAO-B (p = 0.03) on GDS-15 scores. Worsening MoCA scores for those
on DAs were associated with a larger worsening of GDS-15 scores (total
effect of —0.03 + 0.15 = 0.12 GDS-15 point increase per MoCA point

Table 1

decrease) while iMAO-B had a moderating effect (total effect of
—0.03 + —0.12 = —0.15 = 0.15 GDS-15 point decrease per MoCA
point decrease). Using the stringent MSM modeling approach, the in-
teraction between MDS-UPDRS-III scores and iMAO-B became mar-
ginally non-statistically significant although the effect still pointed in
the direction of iMAO-B as a moderator of the effect of changes in MDS-
UPDRS-III  scores on GDS-15 scores (total effect of
0.04 + —0.03 = 0.01 GDS-15 point increase per MDS-UPDRS-III point
increase).

4. Discussion

In this unselected cohort of early PD patients with one-third meeting
GDS-15-threshold for depression and followed for 5 years, we found
that dopaminergic medications had not effect on mood, as measured by
GDS-15. While there was a positive mood trend by iMAO-B, the dif-
ferences were not statistically significant for any of the medication
groups. Thus, these data suggest that changes in the severity of de-
pressive symptoms in PD may be driven by non-dopaminergic me-
chanisms and any mood stabilization may not be explained by the
differential improvement in motor function that dopaminergic

Baseline demographics and assessments stratified by medication treatment after one year of follow-up.

Not on Any Monotherapy Combination Therapy Overall p-value
L-dopa DAs iMAO-B L-dopa + DAs DA + iMAO-B L-dopa + iMAO-B All Three

Age Mean (SD) 61.4 64.2 59.8 58.5 66.1 60.1 60.5 60.2 0.226
(10.2) (11.2) (7.2) 9.9 (7.0) 9.3) (7.3) (6.2)

Sex Nuale Yoniaie) 106 27 17 33 4 25 4 1 0.787
(63%) (75%) (68%) (72%) (67%) (68%) (50%) (50%)

MoCA Mean (SD) 26.3 25.2 27.2 26.5 23.8 26.1 26.8 27.0 0.081
@7 B4 2.3) (2.9 2.7) (2.8) (3.0) 1.4

GDS-15 Mean (SD) 2.4 2.7 2.2 2.3 2.0 2.6 1.5 1.5 0.949
(2.6) (2.3) (3.1) (2.7) 1.7) (3.1) (0.5) (2.1)

STAI Mean (SD) 63.8 68.4 66.6 64.1 63.3 67.9 59.5 62.5 0.811
(18.8) (18.8) (20.6) (18.3) (12.4) (20.8) (6.5) (20.5)

MDS-UPDRS-III Mean (SD) 25.6 29.9 25.8 24.6 24.8 19.9 20.3 10.5 0.004
(10.9) (11.5) (12.6) (10.8) (14.2) (10.4) 9.3) 0.7)

L-dopa: levodopa; iMAO-B: Monoamine oxidase type B inhibitors; DAs: dopamine agonists. MoCA: Montreal Cognitive Assessment; GDS-15: Geriatric Depression
Scale; STALI State-Trait Anxiety Inventory; MDS-UPDRS-III: motor subscale of the Movement Disorders Society-Unified Parkinson's disease Rating Scale.
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Table 2
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Effect of medication groups on depression scores (as per Geriatric Depression Scale).

Statistical model PD Medications

Levodopa Dopamine agonists MAO-B Inhibitors
Estimate (SE) 95% CI p-value Estimate (SE) 95% CI p-value Estimate (SE) 95% CI p-value
Unadjusted 0.13 (0.16) (—0.17, 0.44) 0.39 0.02 (0.17) (-0.31, 0.35) 0.91 —0.29 (0.15) (—-0.59, 0.01) 0.06
Adjusted 0.08 (0.13) (-0.17, 0.33) 0.54 —0.12 (0.13) (—0.37,0.13) 0.33 —0.21 (0.12) (—0.44, 0.01) 0.07
MSM 0.13 (0.17) (—0.21, 0.46) 0.46 —0.20 (0.19) (-0.57, 0.17) 0.29 —0.35 (0.20) (—0.73, 0.04) 0.08
Positive estimates mean worsening of mood as measured by the GDS-15 (Geriatric Depression Scale); negative estimates mean improvement. MSM: Marginal
structural model.
Table 3
Interactions among medications and motor and cognitive scores on depression scores.
Statistical model PD Medications
MDS-UPDRS-III x iMAO-B Use MoCA x iMAO-B Use MoCA x DAs Use
Estimate (SE) 95% CI p-value Estimate (SE) 95% CI p-value Estimate (SE) 95% CI p-value
Unadjusted —0.03 (0.01) (—0.05, —0.01) 0.01 —0.09 (0.04) (0.01, 0.17) 0.03 0.18 (0.06) (—0.30, —0.06) 0.004
Adjusted —0.01 (0.01) (—0.03, 0.004) 0.11 —0.08 (0.03) (0.01, 0.14) 0.03 0.13 (0.04) (—0.22, —0.05) 0.002
MSM —0.03 (0.02) (—0.07, 0.004) 0.09 —0.12 (0.06) (0.01, 0.23) 0.03 0.15 (0.05) (—0.26, —0.05) 0.005

Positive estimates mean worsening of mood as measured by the GDS-15 (Geriatric Depression Scale); negative estimates mean improvement. Coefficients reflect the
change in GDS-15 scores per unit of worsening in either the MDS-UPDRS-III or the MoCA scores. MSM: Marginal structural model. iMAO-B: Monoamine oxidase type
B inhibitors; DAs: dopamine agonists. MoCA: Montreal Cognitive Assessment; MDS-UPDRS-III: motor subscale of the Movement Disorders Society-Unified Parkinson's

disease Rating Scale.

therapies are known to exert. This finding does not exclude the possi-
bility that there may be an antidepressant effect in those with severe
depression, a population insufficiently represented in this cohort.

Of interest, we found that cognitive function affected the relation-
ship between medication effect and mood: as MoCA scores worsened,
DAs yielded a steeper worsening of GDS-15 scores compared to those
not on DAs. Conversely, iMAO-B use led to a moderating or mood
stabilizing effect in the setting of worsening MoCA scores.

Our study does not support prior evidence of a mood enhancing
effect by iMAO-B in PD [14,15], presumably independent from motor
improvement [15], which was shown as not sustained over time in one
study [23]. The data argue against the potential for direct anti-
depressant effects previously suggested for pramipexole [13]. All do-
paminergic medications were associated with GDS-15 worsening, in
parallel with motor decline.

Some important limitations in our study should be highlighted,
largely related to the prospective observational nature of PPMI. The
PPMI cohort was treated under naturalistic conditions, creating natural
biases in the allocation of medications, such as levodopa initiated more
common in older patients with worse motor severity, which required
adjusting for age and motor severity in the statistical models. In addi-
tion, given that patients were not preselected for presence of depression
at baseline, there was a floor effect for GDS-15 scores: the mean base-
line score was < 3.0 for all groups, limiting the range of change for any
dopaminergic treatment. Also, these scores are sub-threshold for de-
pression (GDS-15 cutoff of 5 is required for optimal sensitivity 71.8%
and specificity 78.2% for the diagnosis of depression using the
Structured Clinical Interview for DSM-IV [SCID] as gold standard) [24].
Thus, we could not refer to an “antidepressant” effect for any of the
drugs examined, but rather as changes in the severity of depression
symptoms. Mean changes from baseline in GDS-15 were small (—0.24
(2.28 SD) at Year 1, —0.11 (2.75 SD) at Year 2, —0.14 (2.71 SD) at
Year 3, —0.02 (2.87 SD) at Year 4, and 0.14 (3.08 SD) at Year 5). This
difference is further diluted given the high variability in the cohorts, the
relatively low sample size after dividing the treated PD subjects into
seven non-overlapping medication groups, and the reduction in
monotherapy-treated patients (as it would be expected in naturalistic
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conditions) toward Year 5. Finally, there were no motor differences
across dopaminergic treatments, which suggest levodopa-treated pa-
tients may have been relatively undertreated. The levodopa-treated
cohort had a change comparable to DAs and iMAO-B (10.8 MDS-
UPDRS-III points in levodopa versus 10.1 and 12.8 in DAs and iMAO-B,
respectively). This prevented answering the question of whether a more
robust motor improvement, as it may be expected in optimized levo-
dopa-treated patients, might have induced mood-enhancing effects.

In conclusion, these data suggest a correlation between depressive
symptoms and severity of motor function but reject an independent
effect on mood by any class of dopaminergic medications in a cohort of
unselected early PD patients treated under naturalistic conditions. A
dedicated prospective study in a large PD population selected for
baseline depression but equally optimized for motor function will be
required to answer whether any mood-enhancing effect may be re-
vealed by iMAO-B compared with other medications in depressed PD
patients, as tentatively suggested in this analysis.

Conflicts of interest

All authors declare that they have no competing interest. Other fi-
nancial information unrelated to the current research covering the past
year is documented at the end of the manuscript.

Ethical standards statement

This research study has been conducted in agreement with inter-
national ethical standards for medical research involving human par-
ticipants, in line with the Declaration of Helsinki.

Funding

We acknowledge the support of the Michael J. Fox Foundation for
Parkinson's disease.

Financial disclosure for the previous 24 months:

Dr. Espay has received grant support from the NIH, Great Lakes
Neurotechnologies and the Michael J Fox Foundation; personal



A.J. Espay, et al.

compensation as a consultant/scientific advisory board member for
Abbvie, Adamas, Acadia, Acorda, Neuroderm, TEVA, Impax, Sunovion,
Lundbeck, Osmotica Pharmaceutical, and USWorldMeds; publishing
royalties from Lippincott Williams & Wilkins, Cambridge University
Press, and Springer; and honoraria from Abbvie, UCB, USWorldMeds,
Lundbeck, Acadia, Sunovion, the American Academy of Neurology, and
the Movement Disorders Society.

Dr. Foster reports no disclosures.

Dr. Coffey reports no disclosures.

Ms. Uribe reports no disclosures.

Ms. Caspell-Garcia reports no disclosures.

Dr. Weintraub has received research funding or support from
Michael J. Fox Foundation for Parkinson's Research, National Institutes
of Health (NINDS), Novartis Pharmaceuticals, Department of Veterans
Affairs, Avid Radiopharmaceuticals, Alzheimer's Disease Cooperative
Study, and the International Parkinson's and Movement Disorder
Society; honoraria from AbbVie, Acadia, Biotie, Clintrex LLC, Janssen,
Novartis, Pfizer, Teva Pharmaceuticals, UCB, and the CHDI Foundation;
license fee payments from the University of Pennsylvania for the QUIP
and QUIP-RS; royalties from Wolters Kluweland; and fees for legal
consultation for lawsuit related to antipsychotic prescribing in a patient
with Parkinson's disease.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jns.2019.05.009.

References

[1] C. Veazey, S.O. Aki, K.F. Cook, E.C. Lai, M.E. Kunik, Prevalence and treatment of
depression in Parkinson's disease, J. Neuropsychiatr. Clin. Neurosci. 17 (3) (2005)
310-323, https://doi.org/10.1176/appi.neuropsych.17.3.310.

J.M. Miyasaki, K. Shannon, V. Voon, B. Ravina, G. Kleiner-Fisman, K. Anderson,
L.M. Shulman, G. Gronseth, W.J. Weiner, Quality Standards Subcommittee of the
American Academy of N, Practice parameter: evaluation and treatment of depres-
sion, psychosis, and dementia in Parkinson disease (an evidence-based review):
report of the Quality Standards Subcommittee of the American Academy of
Neurology, Neurology 66 (7) (2006) 996-1002, https://doi.org/10.1212/01.wnl.
0000215428.46057.3d.

D. Devos, K. Dujardin, 1. Poirot, C. Moreau, O. Cottencin, P. Thomas, A. Destee,
R. Bordet, L. Defebvre, Comparison of desipramine and citalopram treatments for
depression in Parkinson's disease: a double-blind, randomized, placebo-controlled
study, Mov. Disord. 23 (6) (2008) 850-857, https://doi.org/10.1002/mds.21966.
D. Weintraub, D. Taraborelli, K.H. Morales, J.E. Duda, L.R. Katz, M.B. Stern,
Escitalopram for major depression in Parkinson's disease: an open-label, flexible-
dosage study, J. Neuropsychiatr. Clin. Neurosci. 18 (3) (2006) 377-383, https://
doi.org/10.1176/appi.neuropsych.18.3.377.

M. Menza, R.D. Dobkin, H. Marin, M.H. Mark, M. Gara, S. Buyske, K. Bienfait,

A. Dicke, A controlled trial of antidepressants in patients with Parkinson disease
and depression, Neurology 72 (10) (2009) 886-892, https://doi.org/10.1212/01.
wnl.0000336340.89821.b3.

L.H. Richard, McDermott MP, R. Kurlan, J.M. Lyness, P.G. Como, N. Pearson,

S.A. Factor, J. Juncos, C. Serrano Ramos, M. Brodsky, C. Manning, L. Marsh,

L. Shulman, H.H. Fernandez, K.J. Black, M. Panisset, C.W. Christine, W. Jiang,

C. Singer, S. Horn, R. Pfeiffer, D. Rottenberg, J. Slevin, L. Elmer, D. Press,

H.C. Hyson, W. McDonald, Group S-PS, A randomized, double-blind, placebo-con-
trolled trial of antidepressants in Parkinson disease, Neurology 78 (16) (2012)
1229-1236, https://doi.org/10.1212/WNL.0b013e3182516244.

P. Barone, L. Scarzella, R. Marconi, A. Antonini, L. Morgante, F. Bracco, M. Zappia,
B. Musch, Depression/Parkinson Italian Study G, Pramipexole versus sertraline in

[2]

[3]

[4]

[5]

[6

[}

[71

85

[8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Journal of the Neurological Sciences 402 (2019) 81-85

the treatment of depression in Parkinson's disease: a national multicenter parallel-
group randomized study, J. Neurol. 253 (5) (2006) 601-607, https://doi.org/10.
1007/500415-006-0067-5.

M.R. Lemke, H.M. Brecht, J. Koester, H. Reichmann, Effects of the dopamine agonist
pramipexole on depression, anhedonia and motor functioning in Parkinson's dis-
ease, J. Neurol. Sci. 248 (1-2) (2006) 266270, https://doi.org/10.1016/j.jns.
2006.05.024.

1. Rektorova, I. Rektor, M. Bares, V. Dostal, E. Ehler, Z. Fanfrdlova, J. Fiedler,

H. Klajblova, P. Kulist'ak, P. Ressner, J. Svatova, K. Urbanek, J. Veliskova,
Pramipexole and pergolide in the treatment of depression in Parkinson's disease: a
national multicentre prospective randomized study, Eur. J. Neurol. 10 (4) (2003)
399-406.

V. Czernecki, M. Schupbach, S. Yaici, R. Levy, E. Bardinet, J. Yelnik, B. Dubois,
Y. Agid, Apathy following subthalamic stimulation in Parkinson disease: a dopa-
mine responsive symptom, Mov. Disord. 23 (7) (2008) 964-969, https://doi.org/
10.1002/mds.21949.

V. Bertaina-Anglade, C.D. La Rochelle, D.K. Scheller, Antidepressant properties of
rotigotine in experimental models of depression, Eur. J. Pharmacol. 548 (1-3)
(2006) 106-114, https://doi.org/10.1016/j.ejphar.2006.07.022.

K. Ray Chaudhuri, P. Martinez-Martin, A. Antonini, R.G. Brown, J.H. Friedman,
M. Onoftj, E. Surmann, L. Ghys, C. Trenkwalder, Rotigotine and specific non-motor
symptoms of Parkinson's disease: post hoc analysis of RECOVER, Parkinsonism
Relat. Disord. 19 (7) (2013) 660-665, https://doi.org/10.1016/j.parkreldis.2013.
02.018.

P. Barone, W. Poewe, S. Albrecht, C. Debieuvre, D. Massey, O. Rascol, E. Tolosa,
D. Weintraub, Pramipexole for the treatment of depressive symptoms in patients
with Parkinson's disease: a randomised, double-blind, placebo-controlled trial,
Lancet Neurol. 9 (6) (2010) 573-580, https://doi.org/10.1016/51474-4422(10)
70106-X.

K.M. Smith, E. Eyal, D. Weintraub, A. Investigators, Combined rasagiline and an-
tidepressant use in Parkinson disease in the ADAGIO study: effects on nonmotor
symptoms and tolerability, JAMA Neurol. 72 (1) (2015) 88-95, https://doi.org/10.
1001/jamaneurol.2014.2472.

A. Korchounov, Y. Winter, W. Rossy, Combined beneficial effect of rasagiline on
motor function and depression in de novo PD, Clin. Neuropharmacol. 35 (3) (2012)
121-124, https://doi.org/10.1097/WNF.0b013e31823b1da8.

B.D. Lebowitz, Clinical trials in late life: new science in old paradigms,
Gerontologist 44 (4) (2004) 452-458.

1. Parkinson Progression Marker, The Parkinson Progression Marker Initiative
(PPMI), Prog. Neurobiol. 95 (4) (2011) 629-635, https://doi.org/10.1016/j.
pneurobio.2011.09.005.

D. Weintraub, K.A. Oehlberg, I.R. Katz, M.B. Stern, Test characteristics of the 15-
item geriatric depression scale and Hamilton depression rating scale in Parkinson
disease, Am. J. Geriatr. Psychiatry 14 (2) (2006) 169-175, https://doi.org/10.
1097/01.JGP.0000192488.66049.4b.

C.D. Spielberger, R.L. Gorsuch, R.E. Lushene, Manual for the State Trait Inventory,
Consulting Psychologists Press, Palo Alto, CA, 1970.

Z.S. Nasreddine, N.A. Phillips, V. Bedirian, S. Charbonneau, V. Whitehead, I. Collin,
J.L. Cummings, H. Chertkow, The Montreal Cognitive Assessment, MoCA: a brief
screening tool for mild cognitive impairment, J. Am. Geriatr. Soc. 53 (4) (2005)
695-699, https://doi.org/10.1111/j.1532-5415.2005.53221.x.

C.G. Goetz, B.C. Tilley, S.R. Shaftman, G.T. Stebbins, S. Fahn, P. Martinez-Martin,
W. Poewe, C. Sampaio, M.B. Stern, R. Dodel, B. Dubois, R. Holloway, J. Jankovic,
J. Kulisevsky, A.E. Lang, A. Lees, S. Leurgans, P.A. LeWitt, D. Nyenhuis,

C.W. Olanow, O. Rascol, A. Schrag, J.A. Teresi, J.J. van Hilten, N. LaPelle,
Movement Disorder Society URTF, Movement Disorder Society-sponsored revision
of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS): scale presentation
and clinimetric testing results, Mov. Disord. 23 (15) (2008) 2129-2170, https://doi.
org/10.1002/mds.22340.

J.M. Robins, M.A. Hernan, B. Brumback, Marginal structural models and causal
inference in epidemiology, Epidemiology 11 (5) (2000) 550-560.

P. Barone, G. Santangelo, L. Morgante, M. Onofrj, G. Meco, G. Abbruzzese,

U. Bonuccelli, G. Cossu, G. Pezzoli, P. Stanzione, L. Lopiano, A. Antonini,

M. Tinazzi, A randomized clinical trial to evaluate the effects of rasagiline on de-
pressive symptoms in non-demented Parkinson's disease patients, Eur. J. Neurol. 22
(8) (2015) 1184-1191, https://doi.org/10.1111/ene.12724.

L.G. Marc, P.J. Raue, M.L. Bruce, Screening performance of the 15-item geriatric
depression scale in a diverse elderly home care population, Am. J. Geriatr.
Psychiatry 16 (11) (2008) 914-921, https://doi.org/10.1097/JGP.
0b013e318186bd67.


https://doi.org/10.1016/j.jns.2019.05.009
https://doi.org/10.1016/j.jns.2019.05.009
https://doi.org/10.1176/appi.neuropsych.17.3.310
https://doi.org/10.1212/01.wnl.0000215428.46057.3d
https://doi.org/10.1212/01.wnl.0000215428.46057.3d
https://doi.org/10.1002/mds.21966
https://doi.org/10.1176/appi.neuropsych.18.3.377
https://doi.org/10.1176/appi.neuropsych.18.3.377
https://doi.org/10.1212/01.wnl.0000336340.89821.b3
https://doi.org/10.1212/01.wnl.0000336340.89821.b3
https://doi.org/10.1212/WNL.0b013e3182516244
https://doi.org/10.1007/s00415-006-0067-5
https://doi.org/10.1007/s00415-006-0067-5
https://doi.org/10.1016/j.jns.2006.05.024
https://doi.org/10.1016/j.jns.2006.05.024
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0045
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0045
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0045
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0045
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0045
https://doi.org/10.1002/mds.21949
https://doi.org/10.1002/mds.21949
https://doi.org/10.1016/j.ejphar.2006.07.022
https://doi.org/10.1016/j.parkreldis.2013.02.018
https://doi.org/10.1016/j.parkreldis.2013.02.018
https://doi.org/10.1016/S1474-4422(10)70106-X
https://doi.org/10.1016/S1474-4422(10)70106-X
https://doi.org/10.1001/jamaneurol.2014.2472
https://doi.org/10.1001/jamaneurol.2014.2472
https://doi.org/10.1097/WNF.0b013e31823b1da8
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0080
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0080
https://doi.org/10.1016/j.pneurobio.2011.09.005
https://doi.org/10.1016/j.pneurobio.2011.09.005
https://doi.org/10.1097/01.JGP.0000192488.66049.4b
https://doi.org/10.1097/01.JGP.0000192488.66049.4b
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0095
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0095
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.22340
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0110
http://refhub.elsevier.com/S0022-510X(19)30225-4/rf0110
https://doi.org/10.1111/ene.12724
https://doi.org/10.1097/JGP.0b013e318186bd67
https://doi.org/10.1097/JGP.0b013e318186bd67

	Lack of independent mood-enhancing effect for dopaminergic medications in early Parkinson's disease
	Introduction
	Methods
	Participants
	Assessments
	Treatment decisions by PPMI investigators
	Statistical analysis

	Results
	Demographics and assessments at baseline
	Effect of medications on GDS scores
	Interactions among medications on GDS scores
	Interactions among medications and MDS-UPDRS-III and MOCA scores on GDS scores

	Discussion
	Conflicts of interest
	Ethical standards statement
	Funding
	Supplementary data
	References




