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Forgotten Drugs in Psychiatry

Background
Parkinson’s disease (PD) is the second most 
 common neurodegenerative disease.1 Its cardinal 
symptoms include rigidity, bradykinesia, rest 
tremor, and postural instability. In addition to 
involving motor symptoms, PD is accompanied 
by numerous nonmotor symptoms (NMSs), such 
as anosmia, sleep disturbance, constipation, 

dementia, and depression.2 Most motor symp-
toms of PD can be favorably managed using vari-
ous treatments. By contrast, the NMSs of PD are 
under-recognized and poorly managed due to a 
lack of effective treatments.3 In patients with PD, 
NMSs usually increase the disease burden and 
affect quality of life more strongly than traditional 
motor symptoms.4
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Abstract
Background: Depression is a major nonmotor symptom of Parkinson’s disease (PD). However, 
few treatments exist for PD depression. Monoamine oxidase-B inhibitors (MAOB-Is) provide 
symptomatic relief for the motor symptoms of PD and exert antidepressive effects. The 
present meta-analysis of randomized controlled trials (RCTs) investigated the effects of 
MAOB-Is on depressive symptoms in patients with PD.
Methods: Articles on PD-management-related RCTs using one of three MAOB-Is approved 
by the US Food and Drug Administration, that is, selegiline, rasagiline, and safinamide, were 
identified. The primary outcomes were the benefits of MAOB-Is for depressive symptoms. 
Subgroup analysis included the effects of MAOB-Is on patients in the early versus middle-to-
late stages of PD and the effect of short-term versus long-term treatment.
Results: Overall, six studies were included, four of which were conducted on patients with 
early stage PD. Overall, MAOB-Is significantly reduced the severity of depressive symptoms 
[standardized mean difference (SMD): −0.14, 95% confidence interval (CI): −0.21 to −0.06, 
p < 0.001]. Subgroup analysis indicated that the positive effect of MAOB-Is was significant in 
patients with early stage PD (SMD: −0.20, 95% CI: −0.31 to −0.09, p < 0.001), but not in those 
with middle-to-late-stage PD (SMD: −0.07, 95% CI: −0.17 to 0.03, p = 0.18). The antidepressive 
effect was significant for short-term treatment, that is, 90–120 days (SMD: −0.23, 95% CI: −0.35 
to −0.10, p < 0.001), but not long-term treatment, that is, 24 weeks to 18 months (SMD: −0.08, 
95% CI: −0.18 to 0.01, p = 0.09).
Conclusion: In addition to the treatment of PD motor symptoms, MAOB-Is may help reduce the 
severity of depressive symptoms in PD, especially in patients with early stage PD. Considering 
the tolerability and simultaneous benefits of MAOB-Is, further RCTs are warranted to confirm 
their therapeutic effects in moderate-to-severe PD depression.
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Depression is a crucial NMS of PD and affects 
approximately 30% of patients with PD on aver-
age,5 although the prevalence varies across stud-
ies. The onset of depression may occur before, 
along with, or much after the onset of PD motor 
symptoms.2 Poor motor performance, fluctuation 
in motor symptoms, and psychological stress after 
PD diagnosis may precipitate reactive depression 
in patients with PD. Moreover, biologically, the 
degeneration of dopaminergic systems, which is 
the main pathogenetic mechanism of PD, is also 
the mechanism of depression development in 
patients with PD.6

The current treatment for PD depression includes 
antidepressants and dopamine agonists. Tricyclic 
acid antidepressants have achieved successful treat-
ment responses in clinical trials.5 Nevertheless, the 
clinical application of tricyclic antidepressants in 
patients with PD is unpopular due to their notorious 
side effects. Serotonergic antidepressants are pre-
ferred, but the lack of evidence of their effects and 
concerns regarding aggravated motor symptoms 
have limited their use.7 Pramipexole, a nonergot 
dopamine agonist, is effective for PD depression 
through its potent D3 receptor stimulation. However, 
its side effects, including impulse control disorder, 
are problematic for some patients with PD.8

Monoamine oxidase-B inhibitors (MAOB-Is) 
provide substantial symptomatic relief for motor 
symptoms and exert potential neuroprotective 
effects in PD.9,10 Moreover, they are effective in 
treating major depression in patients without 
PD,11,12 even though they are generally not con-
sidered first-line therapy due to their side effects 
and dietary limitations. As MAOB metabolizes 
the neurotransmitter dopamine,13 its activity is 
linked to both PD and depression. MAOB is ele-
vated in the brain of patients with PD14 and is 
associated with negative emotionality.15

Currently, three MAOB-Is have been approved by 
the US Food and Drug Administration (FDA) for 
managing PD: two irreversible MAOB-Is, sele-
giline and rasagiline, and one reversible MAOB-I, 
safinamide. Although evidence of consistent anti-
depressive effects of MAOB-Is in patients with 
PD is lacking, a trend of improvement in depres-
sion has been observed.13,14,16 We hypothesized 
that MAOB-Is are beneficial for depressive symp-
toms in patients with PD. In the present study, we 
performed a meta-analysis of randomized con-
trolled trials (RCTs) to investigate the effect of 
MAOB-Is on depression in patients with PD.

Materials and methods

Inclusion criteria
This study included RCTs that investigated the 
therapeutic effects of US FDA-approved 
MAOB-Is, specifically, selegiline, rasagiline, and 
safinamide, on patients with PD. RCTs were 
required to report patient inclusion and exclusion 
criteria, the process of randomization, the dosage 
and duration of treatment, and a comprehensive 
assessment of depression. RCTs with fewer than 
40 participants were excluded.

Literature search strategy
We searched for RCTs published before March 
2020 in the PubMed, Embase, Web of Science, 
Scopus, and Cochrane Library databases following 
the Preferred Reporting Items for Systematic Review 
and Meta-Analysis (PRISMA) guidelines. The 
search keywords are available in the Supplemental 
material. Only studies published in English were 
included.

Data extraction
Baseline and outcome data were independently 
retrieved by two reviewers (CTH and YHH). 
Furthermore, data regarding study design, study 
population characteristics, inclusion and exclu-
sion criteria, MAOB-I dosage, treatment dura-
tion, and outcome assessment were extracted. 
Decisions recorded individually by the reviewers 
were compared, and disagreements were resolved 
by a third reviewer (EWL).

Appraisal of methodological quality
Two reviewers (CTH and JHC) independently 
assessed the methodological quality of each study 
by using the Cochrane risk of bias tool (RoB 2.0). 
Studies were graded as having high risk of bias, 
some concerns, or low risk of bias. The grade was 
estimated by assessing five domains: bias arising 
from the randomization process, bias due to devi-
ation from the intended intervention, bias due to 
missing outcome data, bias in the measurement 
of outcomes, and bias in selecting reported 
results. The results of the quality assessment are 
provided in the Supplemental material.

Outcomes
The primary outcome was change in depressive 
symptoms on treatment with MAOB-Is in patients 
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with PD. Subgroup analysis included the effect on 
patients with de novo or early stage PD versus mid-
dle-to-late-stage PD and the effect of short-term 
(90–120 days) versus long-term (24 weeks to 
18 months) MAOB-I treatment on depressive 
symptoms. To categorize the status of patients 
with PD for the first subgroup analysis, we fol-
lowed the inclusion criteria of all the included 
RCTs. In general, presence of motor fluctuation 
was categorized as the middle-to-late stage, 
whereas disease duration of fewer than 5 years was 
considered the early stage. The distribution of the 
modified Hoehn and Yahr stage (see Supplemental 
material) for the study participants was also 
 considered. If more than one depression inventory 
was employed in a single study, the most widely 
used scale among the enrolled studies was selected 
for the outcome analysis [this was the Hamilton 
Depression Rating Scale (HDRS) in our analysis].

Statistical analysis
Data were recorded and analyzed using Review 
Manager 5.3 (The Cochrane Collaboration, 
Oxford, UK). A meta-analysis was performed 
according to the PRISMA guidelines, and a ran-
dom-effects model was applied to assess the out-
comes. The standard deviation was calculated 
using the confidence interval (CI) limits provided, 
standard errors, or interquartile ranges. The effect 
sizes of continuous outcomes are reported as 
standardized mean differences (SMDs). The pre-
cision of effect sizes is reported at the 95% CI. A 
statistically significant result was indicated by 
p < 0.05 or a 95% CI not including zero in the 
weighted mean difference.

Statistical heterogeneity and inconsistency in 
treatment effects across studies were evaluated 
using the Cochrane Q test and I2 statistics, respec-
tively. Statistical significance was set at p < 0.05 
for the Cochrane Q test. Statistical heterogeneity 
across studies was assessed using the I2 test, which 
quantifies the proportion of total outcome varia-
bility across studies.

Results
Figure 1 displays the flowchart of study selection. 
Our initial search yielded 399 studies, of which 
315 were deemed ineligible after the titles and 
abstracts had been screened. Another 78 reports 
were excluded due to ineligible designs, time 
points, populations, interventions, comparisons, 
or outcomes. The remaining six eligible RCTs 

were included in our analysis. Three of them used 
safinamide,15,17,18 two used selegiline (depre-
nyl),19,20 and one used rasagiline.16 These RCTs 
were published between 1989 and 2016 and had 
sample sizes ranging from 93 to 800 (Table 1). 
The participants’ mean age was approximately 
60 years, and nearly all study cohorts had male 
preponderance. None of the RCTs allowed anti-
depressant use among the participants. Four 
studies recruited patients in the early stages of PD 
(de novo PD in one study), and two recruited 
patients in the middle-to-late stages of PD (as 
identified by the presence of motor fluctuation). 
The treatment duration ranged from 90 days to 
18 months. For the outcome assessment, five of 
six studies assessed depressive symptoms using 
the HDRS, and one used the Beck Depression 
Inventory (BDI).

The primary outcome of the meta-analysis was 
the overall effect of MAOB-Is on depressive 
symptoms in patients with PD. Seven compari-
sons were made with the six selected studies. The 
MAOB-Is significantly improved depressive 
symptoms when they were assessed using either 
the HDRS or BDI (SMD: −0.14, 95% CI: −0.21 
to −0.06, p < 0.001) (Figure 2(a)). The heteroge-
neity of this analysis was nonsignificant, with 
I2 = 0%. The funnel plot indicated no evidence of 
publication bias (Figure 2(b)).

Subgroup analysis was conducted after stratifying 
patients based on their PD stage and the 
MAOB-Is’ pharmacological characteristics. For 
patients with early stage PD, the pooled results 
revealed significant beneficial effects of MAOB-Is 
on depressive symptoms (SMD: −0.20, 95% CI: 
−0.31 to −0.09, p < 0.001) without significant 
heterogeneity (I2 = 0%) (Figure 3(a)). For patients 
with middle-to-late-stage PD, the beneficial effect 
of MAOB-Is on depressive symptoms was non-
significant (SMD: −0.07, 95% CI: −0.17 to 0.03, 
p = 0.18) (Figure 3(b)).

Another subgroup analysis was performed accord-
ing to the treatment duration to assess the correla-
tion between this duration and the antidepressive 
effect. For treatment duration of fewer than 
24 weeks, the pooled result revealed significant 
benefits of MAOB-Is in depressive symptoms 
(SMD: −0.23, 95% CI: −0.35 to −0.10, p < 0.001) 
without significant heterogeneity (I2 = 0%) (Figure 
4(a)). For treatment duration of 24 weeks or 
longer, the beneficial effect of MAOB-Is on 
depressive symptoms was marginal (SMD: −0.08, 
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95% CI: −0.18 to 0.01, p = 0.09) without signifi-
cant heterogeneity (I2 = 0%) (Figure 4(b)).

Discussion
The present study demonstrated that MAOB-Is 
had significantly beneficial effects on depressive 
symptoms in patients with PD, especially those 
with early stage PD or under short-term treat-
ment. For patients with middle-to-late-stage PD 
or longer treatment duration, the effect was non-
significant. Our results thus indicate that in addi-
tion to the well-known symptomatic effect of 
relieving PD motor symptoms, MAOB-Is may 
alleviate depressive symptoms in patients with 
PD over the short term but not the long term.

Dysfunction of the dopaminergic system is an 
essential contributor to depression. The levels of 
plasma homovanillic acid, a dopamine metabolite, 
are low in people with depression.21 Moreover, 
compensatory upregulation of D2 dopamine 
receptor density is noted in the basal ganglia and 
cerebellums of those with depression.22 Thus, 

modulation of the dopaminergic system has a 
potent antidepressive effect.23 Depression is a 
prevalent NMS in PD and may be noted even 
before the onset of motor symptoms, thereby sup-
porting the notion that depression is a nonmotor 
presentation of dopaminergic dysfunction in PD. 
MAOB-Is, particularly selegiline, exhibit remark-
able antidepressive efficacy for major depression;24 
however, their effect on PD depression has not yet 
been investigated directly. Unlike traditional tricy-
clic acid antidepressants and novel selective sero-
tonergic reuptake inhibitors, which worsen the 
motor performance of patients with PD, MAOB-Is 
exert notable symptomatic effects on PD motor 
symptoms. The effects of safinamide17 and rasa-
giline16 on mood fluctuation and depressive symp-
toms in patients with PD have been investigated; 
however, the results have been inconsistent. The 
present study revealed that MAOB-Is alleviate not 
only motor symptoms but also depressive symp-
toms. This finding further supports the dopamine 
deficiency theory regarding PD depression. 
Further clinical trials should assess the antidepres-
sive therapeutic effect of MAOB-Is in patients 

Figure 1. Flowchart of study selection.
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with PD, especially those with moderate and 
severe depression.

In addition to dopamine deficiency, PD depres-
sion is caused by multiple environmental factors. 
Impairment of motor performance or marked 
motor fluctuation results in distress and loss of 
self-confidence. Moreover, sleep disturbance, 
anxiety, or stress following the diagnosis of PD 
may contribute to the development of depression. 
According to the treatment recommendations of 
Timmer et al. for PD depression, before medica-
tion is prescribed, PD depression must be man-
aged by taking an overview of the general 
condition and through multidisciplinary care. 
After these two essential steps, management of 
motor symptoms and optimization of dopaminer-
gic medication is the priority, followed by the 
administration of antidepressants.6 MAOB-Is are 
well known to exert symptomatic treatment 
effects on PD motor fluctuation, such as reducing 
‘off’ periods and the frequency of the ‘on-off’ 
phenomenon.25,26 Thus, a single MAOI-B pre-
scription has dual effects and is a superior 

solution for PD depression compared with other 
treatment options or combinations.

The heterogeneity of the present meta-analysis 
was nonsignificant, both in the overall and sub-
group analyses, which indicated that our results 
are reliable. The included studies did have a large 
time gap, two were conducted in the late 20th 
century and the remaining four in the 2010s, 
which may have resulted from the lack of approval 
of novel MAOB-Is for the management of PD 
during the late 1990s and first decade of the 21st 
century. A study found that 2-year safinamide 
treatment reduced depressive symptoms,14 thus 
indicating that longer-term treatment with 
MAOB-Is alleviates depressive symptoms. 
However, this effect was not seen in our study.

The present study has some limitations. First, 
we did not control for confounding caused by 
motor improvement. The pooled studies in the 
present meta-analysis revealed significant motor 
improvements in PD, which may be an etiology 
of depression relief. However, the successful 

Table 1. Characteristics of the included studies.

Author (original 
trial)

Inclusion criteria No. patients 
(male, %)

Age, years 
mean ± SD  
(if provided)

H & Y stage Intervention Outcome

Parkinson Study 
Group19

(DATATOP)

Stage I or II for 
fewer than 5 years

E: 399 (67)
C: 401 (66)

E: 61.1 ± 9.7
C: 61.1 ± 9.4

E: 1.6 ± 0.5
C: 1.7 ± 0.5

Selegiline 10 mg for 
90 days

HAMD

Allain et al.20

(French Selegiline 
Multicenter Trial)

No treatment, 
stage less than III

E: 48 (52.1)
C: 45 (55.6)

E: 64.5 ± 8.5
C: 65.4 ± 10.1

E: 1.8 ± 0.5
C: 1.7 ± 0.4

Selegiline 10 mg for 
90 days

HAMD

Schapira et al.18

(Study 017)
Stage I to III for 
fewer than 5 years

E1: 80 (67.5)
E2: 69 (62.3)
C: 78 (60.3)

E1: 56.6
E2: 59.8
C: 57.0

E1: 1.9 ± 0.6
E2: 1.8 ± 0.6
C: 1.9 ± 0.7

Safinamide 100 (E1) 
or 200 (E2) mg
for 18 months

HAMD

Borgohain et al.15 Middle-to-
late-stage PD, 
experiencing
motor fluctuations

E1: 223 
(70.4)
E2: 224 
(72.8)
C: 222 (72.1)

E1: 60.1 ± 9.65
E2: 60.1 ± 9.19
C: 59.4 ± 9.41

E1: 2.8 ± 0.6
E2: 2.8 ± 0.6
C: 2.8 ± 0.7

Safinamide 50 (E1) 
or 100 (E2) mg for 
24 weeks

HAMD

Barone et al.16 Stage ⩾1 and ⩽3; 
BDI-I ⩾15

E: 58 (46.6)
C: 65 (58.5)

E: 66.0 ± 8.74
C: 66.1 ± 8.35

E: 1.8 ± 0.6
C: 1.9 ± 0.6

Rasagiline 1 mg for 
12 weeks

BDI

Schapira [2017]17 Disease duration 
>3 years, stages 
I–IV, off time 
>1.5 h/day

E: 274 (62.4)
C: 275 (68.4)

E: 61.7 ± 9.0
C: 62.1 ± 8.9

E: 2.5 ± 0.6
C: 2.5 ± 0.6

Safinamide 100 mg 
for 24 weeks

HAMD

BDI, Beck Depression Inventory; C, control group; E, experimental group; HAMD, Hamilton Depression Rating Scale; H & Y, Hoehn and Yahr 
(Supplemental material Table S3); PD, Parkinson’s disease; SD, standard deviation.
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Figure 2. Effect of MAOB-Is on the depressive symptoms in patients with PD. (a) Forest plots of the meta-
analysis result for the overall effect of MAOB-Is on depressive symptoms in patients with PD; (b) funnel plot 
with pseudo 95% confidence limit of the overall effect of MAOB-Is on depressive symptoms in patients with PD.
CI, confidence interval; df, degrees of freedom; MAOB-I, monoamine oxidase-B inhibitor; PD, Parkinson’s disease;  
SD, standard deviation; SE, standard error; SMD, standard mean difference.

Figure 3. Subgroup analysis of the effect of MAOB-Is on depressive symptoms in patients with (a) early stage 
and (b) middle-to-late stage PD.
CI, confidence interval; df, degrees of freedom; MAOB-I, monoamine oxidase-B inhibitor; PD, Parkinson’s disease;  
SD, standard deviation.

https://journals.sagepub.com/home/tpp


YH Huang, JH Chen et al.

journals.sagepub.com/home/tpp 7

management of the motor symptoms of PD with 
dopaminergic medication is not always accom-
panied by improvement in the severity of PD 
depression. Currently, pramipexole is the only 
dopaminergic medication proven to be effective 
in treating PD depression. Levodopa has symp-
tomatic effects but fails to improve PD depres-
sion.27 Other dopamine agonists (ropinirole, 
apomorphine, and rotigotine) do not exert anti-
depressive effects on PD depression. In addition 
to improving motor function, MAOB-Is may 
ameliorate PD depression through other mecha-
nisms such as serotonin and norepinephrine 
reuptake inhibition. Moreover, our subgroup 
analysis identified significant benefit for patients 
with early stage PD, who experience much less 
motor dysfunction than those with middle-to-
late-stage PD. Second, different studies used 
different assessments for depressive symptoms. 
As no PD-specific depression questionnaires are 
available, conventional depression inventories 
demonstrate inconsistent sensitivity and speci-
ficity in diagnosing PD depression.6 Moreover, 
the timing of administration of the scale also has 
a considerable impact on scores. As motor symp-
toms and NMSs fluctuate during the day, the 
depression scale scores were likely to be high 
during off periods due to poor motor perfor-
mance or other discomfort, leading to heteroge-
neous results. Although the present study 
standardized the scores of each depression scale 
for statistical use, the meta-analysis has an inher-
ent shortcoming that could not be completely 
overcome. Finally, safinamide, in addition to 

inhibiting MAOB, modulates glutamatergic 
signaling, which also has an antidepressive effect.

Conclusion
The present meta-analysis demonstrated that 
MAOB-Is relieve PD depression, especially in 
patients with early stage PD: this beneficial effect 
potentially results from the combined effects of 
dopaminergic system stimulation, serotonin and 
norepinephrine reuptake inhibition, and motor per-
formance improvement. Double-blind RCTs are 
required to directly assess the antidepressive effects 
of MAOB-Is in patients with different stages of PD.
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