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Abstract

Background Although selective serotonin reuptake inhibitors (SSRIs) are usually considered safe to use in patients with
Parkinson’s disease (PD), there are mixed data about their effectiveness, and only a few investigations have led to a total
improvement of depressive symptoms in patients with PD.

Objectives We aimed to conduct a comprehensive systematic review and meta-analysis of all studies that investigated the
effectiveness of SSRIs in treating depression in the context of PD.

Methods From its commencement to June 2024, the databases of MEDLINE via PubMed, Scopus, Embase, and Google
Scholar were electronically searched for the relevant papers. All full-text journal articles assessing the effectiveness of SSRIs
in treating depression in patients with PD were included. The tool developed by the Cochrane Collaboration was utilized
to evaluate the bias risk. Data were analyzed utilizing a pair-wise comparison meta-analysis using the standardized mean
difference.

Results A total of 19 articles and 22 separate interventions were included. We found that SSRI treatment attenuated depres-
sion in patients with PD (1.242 standardized mean difference, 95% confidence interval 0.956, 1.529, p < 0.001). The general
heterogeneity of the studies was medium (»* = 72.818, T*> = 0.317, df = 21, I* = 71.15%, p < 0.001). The funnel plot was
reasonably symmetrical. However, three studies were trimmed to the left of the mean. Begg’s test (p = 0.080), Egger’s test
(p = 0.121), and funnel plot showed no significant risk of publication bias. The meta-regression showed that the treatment
effect increased as a function of paroxetine treatment duration (slope p = 0.001) but decreased as a function of sertraline
treatment duration (slope p = 0.019).

Conclusions There are few controlled antidepressant trials on the PD population, even though patients with PD frequently
experience depression and use antidepressants. Clinical studies that are larger and better structured are needed in the future
to determine if antidepressants are useful for treating patients with PD with depression.

P4 Kai Yan
yankai20220903 @163.com
Renjie Gao
gaorenjie182@163.com Selective serotonin reuptake inhibitor (SSRI) treat-
Panpan Zhao ment attenuates depression in patients with Parkinson’s
zhaopanpan0749@ 163.com disease.

! Department of Graduate School, Shandong First Medical The medium heterogeneity of the studies regarding the
University (Shandong Academy of Medical Science), effects of SSRIs in PD-induced depression highlights the

Jinan 250117, Shandong, China need for well-designed clinical trials.

Internal Medicine, People’s Hospital of Sishui County,
Sishui 273200, Shandong, China

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-024-01378-8&domain=pdf

460

R. Gao et al.

1 Introduction

Over 1% of the aged population in the world has Parkin-
son’s disease (PD), which is the second most prevalent
neurodegenerative disorder after Alzheimer’s disease
[1]. Although PD is typically thought of as a movement
disorder, patients with this disorder also experience a
wide range of non-motor symptoms. Depression is one
of the most prevalent neuropsychiatric manifestations in
PD, affecting about 35% of patients [2]. Patients with PD
experience depression more frequently than the general
senior population or those with other chronic and severe
conditions [3].

Parkinson’s disease-induced depression is shown to be
strongly linked to a longer illness duration, more severe
motor symptoms, levodopa usage, female sex, a history of
anxiety and/or depression, a family history of depression,
lower functioning in activities of daily living, and a worse
cognitive status [4]. Uncertainty surrounds the pathogen-
esis of depression in PD [5]. Several brain deficits known
to have a role in the etiology of PD, such as monoaminer-
gic impairments and lesions of frontal-subcortical circuits,
may also be linked to depression [6]. In addition, depres-
sion in patients with PD receiving long-term dopamine
replacement therapy may worsen or emerge because of
decreased levels of norepinephrine and serotonin when the
neurons are appropriated by dopaminergic processes [7].

Despite being widespread among patients with PD,
depression frequently goes undiagnosed and untreated.
In one study, it was discovered that depression affected
27.6% of newly diagnosed patients with PD, but only
40% of them were receiving treatment or evaluation for it
[8]. Both medication and mental health interventions can
enhance the quality of life and motor symptom control
in patients with PD with depression [9]. However, unlike
patients with major depressive disorder, antidepressant
use in adults with PD is not as standardized [10]. Selec-
tive serotonin reuptake inhibitors (SSRIs), for example,
fluoxetine, paroxetine, sertraline, citalopram, and escit-
alopram, are the most commonly used class of medica-
tion in patients with PD with depression. SSRIs are typi-
cally used as first-line medications to treat patients with
depression, independent of a concomitant diagnosis of PD,
thanks to their safety in overdose and relative tolerability
[5]. Although SSRIs are usually considered safe to use in
patients with PD, there are mixed data about their effec-
tiveness [11, 12]. The use of SSRI medications in PD has
been particularly studied in several randomized controlled
trials (RCTs). However, only a few of these investigations
led to a significant improvement in depressive symptoms
in patients with PD [13-19]. It is assumed that due to
various study designs, sample sizes, depression assessment
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systems, and other considerations, the efficacy of these
pharmaceutical therapies for patients with PD with depres-
sion has been the subject of numerous conflicting findings.
Therefore, the objective of this article was to conduct a
comprehensive systematic review and meta-analysis of
all studies that investigated the effectiveness of SSRIs in
treating depression in the context of PD.

2 Methods
2.1 Search Strategy

A meta-analysis and systematic review of SSRI treatment
for patients with PD with depression was carried out follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations [20]. An
electronic search was conducted in MEDLINE via PubMed,
Web of Science, Embase, and Google Scholar to find per-
tinent material written before June 2024. The search was
performed using the keywords “Selective Serotonin Reup-
take Inhibitors,” “Parkinson’s disease,” and “major depres-
sive disorder” in the following format: (((((Selective Sero-
tonin Reuptake Inhibitors [Title/Abstract]) OR (SSRI[Title/
Abstract])) AND (depression [Title/Abstract])) OR (major
depressive disorder [Title/Abstract])) OR (MDDJTitle/
Abstract])) AND (Parkinson’s disease [Title/Abstract]). The
references of published systematic reviews, meta-analyses,
network meta-analyses, and trials were manually searched.

2.2 Study Selection Criteria

The inclusion criteria were as follows: patients diagnosed
with idiopathic PD who concomitantly had major depression
identified and assessed using Beck’s Depression Inventory,
Hamilton Depression Rating Scale, Montgomery /&sberg
Depression Rating Scale, Geriatric Depression Scale, or
Unified Parkinson’s Disease Rating Scale depression items.
Major or minor depressive disorder was diagnosed based on
the Diagnostic and Statistical Manual of Mental Disorders,
4th edition [16, 17, 21, 22] or Diagnostic and Statistical
Manual of Mental Disorders, Third Edition Revised criteria
[18, 23]. For inclusion, these patients should also be receiv-
ing SSRI treatment. Both RCTs and before/after (prospective
cohorts that compare the effects of a medication before and
after administration) studies were included in this analysis.
Studies written in languages other than English were also
included. Trials that used medications other than SSRIs such
as serotonin and norepinephrine reuptake inhibitors and tri-
cyclic antidepressants (TCAs) or non-pharmacological treat-
ments such as cognitive behavioral therapy were excluded
from this study. Studies on animals (in vivo) and cell lines
(in vitro), juvenile PD, and atypical parkinsonism were also
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not included. In addition, non-comparative investigations,
case reports, meta-analyses, and reviews were excluded.

2.3 Data Extraction

Two investigators conducted an independent review to
retrieve the data using a set procedure. Discussions with a
third senior reviewer helped to settle disputes. Information
about the sample size in each arm, the SSRI regimen utilized
(dosage and treatment duration), the mean age and gender
of patients, the duration of PD, and details about the study
design (randomization, allocation concealment, description
of withdrawals per arm, and blinding) as well as the names
of the authors, the year of publication, and the name of the
journal were extracted from the included studies. The pri-
mary outcome was the effects of SSRI treatment on depres-
sion scores in patients with PD.

2.4 Quality Appraisal

The quality of the included studies was evaluated using
the risk of bias assessment tool developed by the Cochrane
Collaboration. Allocation concealment, selective result
reporting, participant blinding, outcome assessor masking,
allocation sequence generation, incomplete follow-up, and
other possible sources of bias are among the elements of this
instrument. Any discrepancies between the two reviewers
who carried out the evaluation were reviewed by a senior
author. The likelihood of bias was rated as low, uncertain,
or high for each component. The reviewer assigned the study
to one of the low-bias or high-bias categories, depending
on whether they could find information on all the factors
included in the tool or none at all. The risk of bias was
deemed uncertain if the reviewer’s information was incom-
plete or uncertain [24].

2.5 Statistics

All data were expressed as mean + standard deviation. Data
were analyzed via the Comprehensive Meta-Analysis 2.0
Software. The means of the groups (placebo vs SSRIs) in
each publication were compared using the standardized
mean difference (SMD). Using the I? statistic, the data’s
heterogeneity was calculated, and values of 25%, 50%, or
75% were regarded as low, medium, and high, respectively.
Funnel plots and trim-and-fill analyses were used to evaluate
publication bias. A cumulative impact across outcomes was
estimated while simultaneously avoiding bias when a publi-
cation included data on more than one outcome, conducted
on the same subjects [25]. Multiple results provided for a
single domain mean were calculated as follows:

?:i(Zx,) )

J

where Y represents the mean of the effect sizes from vari-
ous outcomes, and m is the number of means. However, we
calculated the total variance of these means as follows:

2 m 2 m
= G w( 50) = G (E v Z ivm)
j= j= J
2
where m is the formula’s number of variances and V and var

stands for variance. p < 0.05 was regarded as statistically
significant in each analysis.

3 Results
3.1 Study Characteristics

A total of 19 articles and 22 separate interventions were
included in this meta-analysis to analyze the effects of SSRIs
on depression in patients with PD. The PRISMA flowchart
for study inclusion procedure is presented in Fig. 1 and the
detailed study characteristics and demographic data are
presented in Table 1. A total of 430 patients with PD with
depression were analyzed in this meta-analysis. Seven pub-
lications were RCTs and 12 studies were prospective cohorts
with a before/after design. Escitalopram, citalopram, fluoxe-
tine, paroxetine, and sertraline were used in one, four, seven,
five, and five studies, respectively. SSRI treatment attenuated
depressive symptoms in the majority of the included stud-
ies. As the heterogeneity of the included studies was quite
substantial (/> >50%), the random-effects model was applied
to analyze the data emerging from interventions [26].

3.2 Effect of SSRIs on Depression
3.2.1 Overall Effect

In general, we found that SSRI treatment attenuated depres-
sion in patients with PD (1.242 SMD, 95% confidence inter-
val [CI] 0.956, 1.529, p < 0.001) [Fig. 2]. We showed that
the general heterogeneity of the studies was medium (x? =
72.818, T = 0.317, d.f. = 21, F = 71.15%, p < 0.001).

3.2.2 Individual Antidepressants

Four studies assessed the effects of citalopram on depres-
sion in patients with PD [13, 18, 27, 28]. A quantitative
synthesis revealed significant positive effects of citalopram
on attenuation of depression in patients with PD (1.514
SMD, 95% CI1 0.510, 2.518, p < 0.001) [Fig. 2]. Here, we
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for the studies that were included in the meta-

analysis

found that the general heterogeneity of the studies was
high (> = 17.884, T*> = 0.868, df = 3, I* = 83.22%, p <
0.001).

One study showed that escitalopram has positive effects
on attenuating depression in patients with PD (1.918 SMD,
95% C10.951, 2.885, p < 0.001) [29]. Seven studies evalu-
ated the effects of fluoxetine on depression in patients with
PD [16, 22, 28, 30-32]. A meta-analysis showed significant
positive effects of fluoxetine on attenuation of depression
in patients with PD (1.133 SMD, 95% CI 0.607, 1.659, p <
0.001) [Fig. 2]. Here, we found that the general heterogene-
ity of the studies was medium (> = 17.806, T*> = 0.318, df
=6, I = 66.30%, p < 0.001).

We found five studies that used paroxetine as a treatment
for depression in patients with PD [15, 19, 33-35]. We found
significant positive effects of paroxetine on attenuation of
depression in patients with PD (1.098 SMD, 95% CI 0.656,
1.541, p < 0.001) [Fig. 2]. Here, we found that the general
heterogeneity of the studies was medium (x> = 13.700, T2
=0.177, df = 4, I> = 70.80%, p < 0.001).

The remaining five studies assessed the effects of sertra-
line administration on patients with PD [14, 17, 21, 23, 28].
Analysis revealed significant positive effects of sertraline on
attenuation of depression in patients with PD (1.340 SMD,
95% CI 0.494, 2.185, p < 0.001) [Fig. 2]. Here, we found
that the general heterogeneity of the studies was high (3* =
19.920, 7%= 0.707, df = 4, > = 79.92%, p < 0.001).
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3.3 Leave-One-Out Sensitivity Analysis

An iterative leave-one-out sensitivity analysis was per-
formed, deleting one study at a time, and recalculating the
summary SMD, to assess the robustness of the association
results. This analysis demonstrated that the results were sta-
ble, indicating that the exclusion of any one study would
not have a substantial impact on the general findings of this
study. In other words, this suggests that it is unlikely that a
single study could significantly distort or push the SMD in
either way (Fig. 3).

3.4 Publication Bias and Study Quality Appraisal

For the study quality appraisal, the Cochrane Risk of Bias
Tool was used. All the papers were published in peer-
reviewed journals. The findings revealed that there was 0%
selective and incomplete outcome data reporting (reporting
bias). However, 15 studies did not observe random sequence
generation, six studies did not perform allocation conceal-
ment, nine citations did not blind the participants and staff,
and six studies did not perform a blinding of outcome assess-
ment. These indicate that the included studies are generally
of medium quality (Fig. 4). Publication bias was assessed
using funnel plot and trim-and-fill analysis. The funnel plot
was reasonably symmetrical. However, three studies were
trimmed to the left of the mean. Begg’s test (p = 0.080),
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Study name Subgroup within study Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper
in means limit limit p-Value

Dell'Angello etal., 2001 a Citalopram 1.811 0.961 2.661 0.000 ——
Devoset al., 2008 Citalopram 0.591 -0.140 1.322 0.113 ———
Rampbello et al., 2002 Citalopram 3.038 2017 4.059 0.000 e —
Wemuth et al., 1998 Citalopram 0.806 0.073 1.538 0.031 e

1514 0.510 2518 0.003 i
Weintraub et al., 2006 Escitalopram 1918 0.951 2.885 0.000 —l—

1.918 0.951 2.885 0.000 -
Avila et al., 2006 Fluoxetine 1.973 0.696 3.251 0.002 —
Boggio et al., 2005 Fluoxetine 0.377 -0.431 1.184 0.360 ——
Dell'Anegello et al., 2001 b Fluoxetine 0.188 -0.507 0.882 0.596 ——
Kodticetal., 2012 a Fluoxetine 0.928 -0.045 1.900 0.061 [r——
Kosticetal., 2012 b Fluoxetine 1513 0.465 2.561 0.005 ——
Serrano-Duefias 2000 Fluoxetine 1.379 0.872 1.886 0.000 ——
Fregni et al., 2004 Fluoxetine 1.882 1.155 2.608 0.000 ——

1.133 0.607 1.659 0.000 <
Ceravolo et al., 2000 Paroxetine 2.018 1.385 2.650 0.000 o
Menza et al., 2008 Paroxetine 0.540 0.135 1.214 0.117 b
Richard et al., 2012 Paroxetine 0.720 0.270 1.169 0.002 =
Takahashi et al., 2019 Paroxetine 1.051 0.482 1.620 0.000 ——
Tesei et al., 2000 Paroxetine 1.199 0.781 1.616 0.000 bt

1.098 0.656 1.541 0.000 <o
Antonini et al., 2006 Sertraline 2.186 1.174 3.197 0.000 ——
Barone et al., 2006 Sertraline 1.682 0.971 2193 0.000 ——
Dell'Anegello et al., 2001 ¢ Sertraline 0.069 -0.647 0.785 0.850 ——
Hauser et al., 2004 Sertraline 0.737 -0.003 1.476 0.051 e
Leentjenset al., 2003 Sertraline 2.769 1.186 4.353 0.001 -

1.340 0.494 2.185 0.002 <

1.242 0.956 1.529 0.000 <

8.00 -4.00 0.00 4.00 8.00

Fig.2 Forest plot of the standardized mean difference for effect size
for selective serotonin reuptake inhibitor effects on depression symp-
toms in patients with Parkinson’s disease. The green square shows
the overall pooled effect and red squares show the pooled effect for

Study name

Antonini et al., 2006
Avila et al., 2006

Barone et al., 2006
Boggio et al., 2005

Ceravolo et al., 2000

each subgroup of study. Black squares indicate the standardized mean
difference in each study. Horizontal lines represent a 95% confidence
interval (CI). Std diff standardized difference

Subgroup within study Statistics with study removed

Sertraline
Fluoxetine
Sertraline
Fluoxetine
Paroxetine

Dell'Angello et al., 2001 a Citalopram
DelllAngello et al., 2001 b Fluoxetine
Dell'Angello et al., 2001 ¢ Sertraline

Devos et al., 2008
Hauser et al., 2004
Kostic et al., 2012 a
Kostic et al., 2012 b

Leentjens et al., 2003

Menza et al., 2008

Rampbello et al., 2002

Richard et al., 2012

Serrano-Duefias 2000
Takahashi et al., 2019

Tesei et al., 2000

Weintraub et al., 2006
Wermuth et al., 1998

Fregni et al., 2004

Citalopram
Sertraline
Fluoxetine
Fluoxetine
Sertraline
Paroxetine
Citalopram
Paroxetine
Fluoxetine
Paroxetine
Paroxetine

Escitalopram

Citalopram
Fluoxetine

Point

1.204
1.220
1.226
1.282
1.197
1.217
1.293
1.297
1.276
1.269
1.257
1.234
1.206
1.280
1.165
1.277
1.239
1.257
1.252
1.215
1.266
1.210
1.242

Lower
limit
0.913
0.926
0.924
0.988
0.907
0.921
1.005
1.012
0.977
0.969
0.958
0.935
0.918
0.982
0.894
0.973
0.931
0.950
0.937
0.920
0.965
0.914
0.953

Upper
limit p-Value
1.495 0.000
1.514  0.000
1.527 0.000
1.577  0.000
1.486 0.000
1.513 0.000
1.581  0.000
1.581  0.000
1.574  0.000
1.570  0.000
1.556 0.000
1.532  0.000
1.493 0.000
1.577  0.000
1.436 0.000
1.581  0.000
1.546  0.000
1.564  0.000
1.566  0.000
1.510 0.000
1.568 0.000
1.505 0.000
1.532  0.000

-8.00

Std diff in means (95%
Cl) with study removed

-4.00

0.00

<INEEEEEEEEEEEEEEEEEEEE

4.00

8.00

Fig.3 Leave-one-out sensitivity analysis “one study removed” function, of the “comprehensive meta-analysis” software. CI confidence interval,

Std diff standardized difference

A\ Adis



SSRIs for the Treatment of Depression in Parkinson’s Disease

465

Other bias

Antonini et al., 2006

Avila et al., 2006

Barone et al., 2006

Boggio et al., 2005

Ceravolo et al., 2000

Dell'Angello et al., 2001

Devos et al., 2008

Fregni et al., 2004

Hauser et al., 2004

Kostic et al., 2012

Leentjens et al., 2003

Menza et al., 2008

Rampbello et al., 2002

Richard et al., 2012

Serrano Duenas 2000

Takahashi et al., 2019

Tesei et al., 2000

Weintraub et al., 2006

. . . . . . . . . . . . . . . . . . . Selective reporting (reporting bias)

. . . . . . . . . . . . . . . . . . . Blinding of outcome assessment (detection bias)
. . . . . . . . . . . . . . . . . . . Incomplete outcome data (attrition bias)

000 O ® 0O ® ® 0 0 ®® 0 0 O ® ®|® ) Bbindingofparticipants and personnel (performance bias)

. . . . . . . . . . . . . . . . . . . Random sequence generation (selection bias)
. . . . . . . . . . . . . . . . . . . Allocation concealment (selection bias)

Wermuth et al., 1998

Fig.4 Varying degrees of bias risk for every item in the included
studies. For the purpose of identifying publication bias, the Cochrane
Risk of Bias tool was utilized

Egger’s test (p = 0.121), and funnel plot showed no signifi-
cant risk of publication bias (Fig. 5).

3.5 Meta-Regression and Moderators’ Analysis

A meta-regression showed that the treatment effect increased
as a function of paroxetine treatment duration [point estimate

+ standard error = 0.068 +0.021, Z value = 3.128 (0.025,
0.110) slope p = 0.001] but decreased as a function of ser-
traline treatment duration [point estimate + standard error
= —0.068 + 0.029, Z value = — 2.335 (— 0.126, — 0.011)
slope p = 0.019]. Other analyses were not statistically sig-
nificant (Fig. 6).

4 Discussion

The findings of this study revealed a significant effect of
SSRIs in total and individually on attenuating depressive
symptoms in patients with PD with varying degrees of
depression. The heterogeneity of the included studies was
found to be medium. This study did not reveal a significant
publication bias across the citations included. Nevertheless,
the quality appraisal of these studies showed their low-to-
medium quality.

The most widely used antidepressants in patients with
PD with the ability to specifically affect the serotonergic
system are SSRIs [5]. Around 63% of the antidepressant
prescriptions in the USA for the treatment of depression in
PD are SSRIs, and just 7% are TCAs [36]. According to the
Parkinson’s disease study group, some patients with PD use
antidepressants for the alleviation of depression symptoms,
and almost half of the physicians regard SSRIs as the first-
line pharmacologic therapy in patients with PD with signs
of major depressive disorder [37-39]. Our results revealed
that SSRIs were effective drugs for the treatment of depres-
sion in PD in a conventional pairwise comparison. In line
with that, Antonini et al. showed that SSRIs (sertraline) and
not TCAs (amitriptyline) were able to exert a significant
benefit on quality of life (Parkinson’s Disease Question-
naire [PDQ-39] scale; mobility, activities of daily living,
and stigma) [17]. Similarly, Fregni et al. found that SSRI use
was associated with improved activities of daily living [30].
Our findings regarding the efficacy of SSRIs in PD-induced
depression are in line with those of other neurodegenerative
disorders. In a recent meta-analysis by Zang et al., it was
shown that depression symptoms were alleviated in patients
with Alzheimer’s disease who used SSRIs (0.905 SMD, 95%
CI0.689, 1.121, p < 0.001). Escitalopram, paroxetine, and
sertraline, when taken separately from other SSRIs, sub-
stantially reduced depression symptoms in individuals with
Alzheimer’s disease (0.813 SMD, 95% CI 0.207, 1.419, p
= 0.009, 1.244 SMD, 95% CI 0.939, 1.548, p < 0.001, and
0.818 SMD, 95% CI 0.274, 1.362, p < 0.001) [40]. How-
ever, these findings are not universal. Other clinical trials
suggested that SSRIs might not be as useful as neurolo-
gists and psychiatrists had previously believed [15,41]. In a
meta-analysis, Skapinakis et al. found that the effectiveness
of SSRIs in treating depression in the setting of PD is yet
unknown. According to the findings of their investigation,
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the authors could not rule out the potential that SSRIs might ~ According to a meta-analysis by Jakubovski et al., the SMD
eventually provide evidence of efficacy, particularly for  of improvement in depressive symptoms for all SSRIs
severe or extremely severe depression [42]. The evidence  declines with time. However, the decline is more notice-

emerging from this meta-analysis was not, however, robust,  able at lower doses than at larger doses [43]. The observed
as the number of included studies was too low (n = 4) [42].  increase in the effect of paroxetine with a longer treatment

It was intriguing to see that, in contrast to sertraline,  duration, contrasting with the general trend of declining
the effect of paroxetine increased with treatment duration. SSRI efficacy over time, could be due to several factors. The
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unique pharmacokinetic and pharmacodynamic properties of
paroxetine might result in a delayed but sustained therapeutic
effect [44]. Differences in patient adherence and tolerability,
with paroxetine being better tolerated by some, might lead to
longer treatment durations and more pronounced effects. For
example, sexual dysfunction is more common with sertra-
line [45]. Additionally, paroxetine might be more frequently
prescribed at higher doses, enhancing its efficacy. Moreover,
variability in individual patient responses and differences in
study designs and populations included in the meta-analysis
might contribute to this unique trend. These factors collec-
tively could explain why the effects of paroxetine increase
with prolonged treatment, unlike other SSRIs.

The finding that the SSRI dose did not affect the main
outcome in the study, as confirmed by a moderator analy-
sis and meta-regression, could have several explanations.
First, there may be a plateau effect where increasing the dose
beyond a certain point does not significantly enhance thera-
peutic benefits, possibly owing to receptor saturation or the
maximum achievable efficacy being reached [46]. Second,
individual differences in metabolism and receptor sensitiv-
ity among patients can lead to variability in optimal dos-
ing, making it challenging to observe a clear dose—response
relationship in a meta-analysis. Additionally, the therapeutic
window for SSRIs might be relatively narrow, with most
effective doses falling within a specific range that minimizes
the impact of dose variations [46]. Furthermore, side effects
at higher doses could lead to decreased adherence or dis-
continuation, counteracting potential dose-related benefits.
Last, the methodological limitations and variations in study
designs, patient populations, and dosing regimens in the
included studies might obscure the dose—response relation-
ship. These factors together could explain why the SSRI
dose did not significantly affect the main outcome of this
study.

In this study, the safety profile of SSRIs was not assessed
as the number of studies reporting drug-related reactions
and adverse effects was low. Some of the side effects that
were reported in these studies were anxiety and palpitation
(citalopram) [27], sexual dysfunction (paroxetine) [19], gas-
trointestinal symptoms (constipation or diarrhea; paroxetine)
[39], worsening PD symptoms (paroxetine) [35], worsening
baseline nausea and confusion (escitalopram, paroxetine)
[29, 34], and flushing (citalopram) [18]. However, even
with all of these side effects, the safety profile of SSRIs and
comparatively minimal adverse effects with a comparable
drop-out rate are a big advantage over other antidepressants
such as TCAs [42, 47]. As an example, TCAs exacerbated
autonomic phenomena and neuropsychiatric features of PD
such as cognitive impairment, visual hallucinations, and
delusional thought disorder because of their anticholiner-
gic properties [48]. In tandem with that, Dell’Agnello et al.
[28], Kostic et al. [31], and Rampello et al. [27] showed

that SSRIs do not exacerbate extrapyramidal symptoms
when used as a treatment for depression in PD. In addition,
it was shown that SSRI treatment either caused no signifi-
cant change in motor symptoms and psychomotor speed [29]
or improved the Unified Parkinson’s Disease Rating Scale
and motor scores in patients with PD [19]. However, there
is concern over the use of SSRIs in depression in patients
with PD because of their effects on apathy. In a retrospective
review study, Zahodne et al. showed that patients who use
SSRIs (but not other antidepressants) for this purpose may
experience great degrees of apathy compared with others
[49]. This, nevertheless, was contradicted by the findings
of the Takahashi et al. study, which showed no changes in
apathy scores (p = 0.054) after SSRI use for the treatment
of depression in PD [34].

Our findings regarding the efficacy of SSRIs for the treat-
ment of depression in PD are consistent with prior trials
and meta-analyses [50, 51]. However, compared with the
Wang et al. study [50], our meta-analysis has a focused
scope, which provides detailed insights into the effective-
ness of SSRIs and their differential impact based on treat-
ment duration. This specificity can aid clinicians in selecting
and managing SSRI treatment more effectively. Additionally,
the rigorous assessment of publication bias and heterogene-
ity enhances the credibility of its conclusions. However, the
broader approach of the former meta-analysis [47] offers a
more comprehensive understanding of multiple antidepres-
sants, which is beneficial for comparing different treatment
options. These studies complement each other by providing
a broad overview and a detailed focus on SSRIs, respec-
tively, enriching the evidence base for treating depression
in PD.

The limited sample size for the trials is the primary draw-
back of this meta-analysis. The average study period was
also short, and there was no further follow-up to prevent
extrapolating long-term efficacy. Additionally, patients were
often between the ages of 60 and 70 years, which effec-
tively excluded patients who were much older and may have
been more incapacitated, limiting the generalizability of our
findings. Additionally, a number of studies had no data on
allocation concealment and random sequence generation,
which have an influence on research quality. Furthermore,
the methods for diagnosing depression varied greatly. The
existing depression measures differ in terms of material that
addresses somatic symptoms and were not created particu-
larly for PD. The accuracy of diagnosis can be impacted by
the overlap between PD and depressive symptoms, espe-
cially when cut-offs are applied. Further, the study partici-
pants were not typical of the patients actually encountered
in clinical practice. Patients with dementia, significant motor
fluctuations, concurrent medical problems, and signs of psy-
chotic depression were often excluded from studies. As a
result, our findings should not be applied to patients of these
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sorts. Another main limitation of this study was many of the
included trials were prospective cohorts and were not RCTs.
This limited our ability to compare the findings in the SSRI
group with those of the placebo group.

5 Conclusions

More frequently than any other type of antidepressants,
SSRIs are given for depression, and this is also true for
depression in the setting of PD. Our results supported the
idea that SSRI treatment is effective in the alleviation of
depression symptoms in patients with PD. Unfortunately,
even though patients with PD frequently experience depres-
sion and use antidepressants, there are few controlled antide-
pressant trials in this population. For future research, larger
and more well-designed clinical studies on the effectiveness
of antidepressants on patients with PD who are experiencing
depression are required.
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