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Abstract: Objective: In this study, we aimed to investigate the effects of STN-DBS on PD patients with
different levels of depression and to identify predictors of the effects of STN-DBS on PD depression.
Methods: We retrospectively collected data for 118 patients with PD depression who underwent STN-
DBS at Beijing Tiantan Hospital. Neuropsychological, motor, and quality of life assessments were
applied preoperatively and postoperatively. All patients were divided into two groups according
to their HAM-D24 total scores (group I: mild depression; group II: moderate depression). A mixed
repeated-measure analysis of variance (ANOVA) was performed to investigate whether there were
differences in depression scores before and after STN-DBS between the two groups. The changes in
depression scores were also compared between groups using ANCOVA, adjusting for gender and
preoperative HAMA scores. Logistic regression was performed to identify predictors of STN-DBS’s
effects on PD depression. Results: Both groups showed significant improvement in depression
symptoms after STN-DBS. Compared with patients in group I, patients in group II showed greater
reductions in their HAM-D24 total scores (p = 0.002) and in HAM-D24 subitems including cognitive
disturbances (p = 0.026) and hopelessness symptoms (p = 0.018). Logistic regression indicated that
gender (female) (p = 0.014) and preoperative moderate depression (p < 0.001) patients had greater
improvements in depression after STN-DBS. Conclusions: Patients with moderate depression showed
better improvement than patients with mild depression. Gender (female) and preoperative HAMA
scores are predictors of STN-DBS’s effects on PD depression.
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1. Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder characterized by motor
symptoms (tremor, rigidity, and slowness of movements) and several non-motor symp-
toms [1–4]. Depression, one of the most common non-motor symptoms, is a chronic and
commonly reported neuropsychiatric disorder that occurs in 40%–50% of patients with
PD [5,6]. PD depression is mainly described as feelings of worthlessness or guilt, a de-
pressed mood, reversible dementia, loss of interest in daily activities, recurrent suicidal
tendencies [7–10], and somatic complaints (muscle tension or sexual dysfunction) [11].
Symptoms of depression can occur at the initial stage of PD motor symptoms and can
worsen over time [12], thus negatively affecting quality of life.

To date, several new techniques, for example, deep brain stimulation (DBS), transcra-
nial magnetic stimulation (TMS), and transcranial direct current stimulation (tDCS), are
being used for the treatment of PD. DBS is a widely used surgical technique that involves
the implantation of multiple-contact electrodes in specific brain regions. Targets of DBS
for the treatment of PD include the subthalamic nucleus (STN), external globus pallidus
(GPi), pedunculopontine nucleus (PPN), and the substantia nigra pars reticulata (SNr) [13].
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Subthalamic nucleus deep brain stimulation (STN-DBS) is a well-established surgical treat-
ment for PD. Although STN-DBS is widely acknowledged to control motor symptoms,
including tremor, rigidity, and bradykinesia, the efficacy of STN-DBS in treating PD depres-
sion remains controversial. Reports have shown that STN-DBS significantly ameliorates
symptoms of depression post-operatively, and its efficacy is greater 6 months after the
operation [14,15]. Some articles have concluded that STN-DBS shows little evidence of
ameliorating depression, whereas Follett et al. have reported the worsening of depressive
disorder after STN-DBS [16]. In another article, suicidal behavior was found to occur
within 3 years postoperatively, and the suicide rate was elevated in patients with severe
depression [17], thus suggesting that patients with severe depression are not candidates for
surgery. Furthermore, the authors of one study declared that PD patients become angry
more easily after STN-DBS [18].

Several factors may explain the reported differences in the efficacy of STN-DBS for
PD depression. First, the participants in the experiments might have had different baseline
data (varying degrees of depression). Moreover, differences in study design, assessment
conditions (on medication vs. off medication), and different stimulator settings might have
led to contradictory results. However, despite these possibilities, the factors associated
with changes in postoperative depression remain unclear. Therefore, our study aimed at
verifying the exact effects of STN-DBS on PD depression by dividing patients with PD
into groups according to the severity of their depression and further investigating possible
predictive factors of STN-DBS’s efficacy in treating PD depression.

2. Methods
2.1. Patient Selection

We retrospectively collected data from patients at Beijing Tiantan Hospital (Beijing,
China) from January 2016 to August 2021. The inclusion criteria were as follows: (1) diagno-
sis of idiopathic PD according to the United Kingdom Brain Bank criteria [1]; (2) successful
performance of bilateral STN-DBS; (3) performance of motor and psychological assessments
(preoperative and postoperative) with available postoperative follow-up ranging from
6 to 12 months; (4) Mini-Mental State Examination (MMSE) score > 24; and (5) all patients
suffered from depressive symptoms with HAM-D24 scores > 0. The exclusion criteria were
as follows: (1) postoperative complications, such as cerebral hemorrhage and hemiple-
gia; (2) clear brain structural abnormalities, intracranial tumors, or prior brain surgery
other than STN-DBS; (3) revised or replaced DBS leads; and (4) incomplete assessment
data; and (5) patients with a total HAM-D24 score ≥ 35, since major depression is consid-
ered a contraindication for STN-DBS. This study was conducted under the approval of
the IRB of Beijing Tiantan Hospital. All patients provided written informed consent for
their participation.

2.2. DBS Electrode Implantation

The standard surgical procedure was as previously described [19,20]. Briefly, quadripo-
lar DBS electrodes (model 3389, Medtronic, Minneapolis, MN, USA, or model L301, Pins
Medical, Beijing, China) were implanted under the guidance of a Leksell microstereotactic
system (Elekta Instrument AB, Stockholm, Sweden) with pre-surgical MRI under local
anesthesia. Intra-operative single-unit recordings and high-frequency stimulation testing
were performed to evaluate the optimal locations for permanent electrode implantation.
The STN target coordinates for the lower contact were 2–3 mm posterior to the MCP,
12–14 mm lateral to the AC-PC, and 4–6 mm below the inter-commissural line. The
electrodes were then connected to an implantable pulse generator implanted in the sub-
clavicular area in patients under general anesthesia. We performed post-operative CT
to exclude intracranial hemorrhage, then merged the images with the preoperative MR
images to verify the exact locations of the electrodes.
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2.3. Clinical Assessment

The age, sex, time of onset, duration of disease, and Hoehn and Yahr scale results
were recorded for all patients in detail. The levodopa-equivalent daily dose (LEDD) for all
patients is presented to provide a better understanding of the dosage of anti-Parkinson’s
disease drugs. The proportions of PD patients taking antidepressants preoperatively
and postoperatively were also recorded. The Unified Parkinson’s Disease Rating Scale
part III (UPDRS-III) or Movement Disorder Society Unified Parkinson’s Disease Rating
Scale part III (MDS-UPDRS part III) was applied to all patients to evaluate their motor
symptoms. Other related symptom scales were used, including the Hamilton Rating Scale
for Anxiety (HAMA), Parkinson’s Disease Questionnaire (PDQ-39), and MMSE. PDQ-39 is
the most thoroughly validated and extensively used scale assessing the quality of life among
patients with PD [21,22], and the MMSE scale is used to assess cognitive function. Motor
assessments were applied in two conditions (off medication and on medication) 1 week
before surgery preoperatively, and two conditions (off medication/on stimulation and on
medication/on stimulation) postoperatively. MDS-UPDRS-III improvement was calculated
as (pre-MDS-UPDRS-III [med-off]–post-MDS-UPDRS-III [stim on/med off])/pre-MDS-
UPDRS-III [med-off] ×100%. We selected the assessment results of the last return to the
hospital for follow-up analysis (at least 6 months postoperatively). All assessments were
conducted by a movement disorder specialist in our center, and all motor evaluations were
video-recorded. Off-medication assessment was performed at least 12 h after withdrawal
from dopaminergic medications, and on-medication assessment was performed 1 h after
medication administration. Post-operative CT was performed at 1 month to verify the exact
locations of the electrodes by merging the images with the preoperative MR images and was
used to guide electrode choice during the adjustment of stimulation parameters. At each
assessment time point, patients were required to visit the outpatient programming service
to ensure that all assessments were conducted under optimal stimulation parameters.

We used the 24-item Hamilton depression rating scale (HAM-D24) as a measurement
of the severity of depression [23]. The HAM-D24 contains 24 items, with 10 items ranging
from 0–2 and 14 items ranging from 0–4. Items ranging from 0–2 points were defined
as follows: 0: none; 1: mild to moderate; 2: severe. Items of 0–4 points were defined as
follows: 0: none; 1: mild; 2: moderate; 3: severe; 4: very severe. The total scores of HAM-
D24 ranged from 0 (minimal) to 76 (maximal). The severity ranges for the HAM-D24 are
divided into four levels: non depression (0–7), mild depression (8–20), moderate depression
(21–34), and severe depression (35–76) [24–28] Patients with a total HAM-D24 score of 8–20
were assigned to group I (mild depression), whereas those with a total HAM-D24 score of
21–34 were assigned to group II (moderate depression). Patients with a total HAM-D24
score ≥ 35 were excluded, because major depression is considered a contraindication for
STN-DBS [29].

To further explore the effects of STN-DBS on different subtypes of depression, we
sorted the 24 items of HAM-D24 into the following seven subitems, as previously de-
scribed [30,31]: (1) anxiety/somatization (six items: psychic anxiety, somatic anxiety, gas-
trointestinal symptoms, hypochondriasis, insight, and general symptoms), (2) weight loss
(one item), (3) cognitive disturbances (six items: self-guilt, suicide, agitation, depersonaliza-
tion and derealization, and paranoid and obsessive-compulsive symptoms), (4) circadian
fluctuations (one item), (5) retardation symptoms (four items: depression, work and in-
terests, retardation and sexual symptoms), (6) sleep disturbances (three items: difficulty
in falling asleep, superficial sleep and early awakening), and (7) hopelessness symptoms
(three items: helplessness, hopelessness, and worthlessness).

2.4. Statistical Analysis

All continuous variables are presented as mean ± SD, and categorical variables are pre-
sented as percentages. Kolmogorov–Smirnov tests were conducted to determine whether
continuous variables were normally distributed. Differences in demographic characteristics
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were compared between group I (mild depression) and group II (moderate depression)
using independent t-tests, nonparametric tests, and chi-squared tests where appropriate.

To investigate whether there were differences in the severity of depression after STN-
DBS between the two groups, a mixed repeated-measure analysis of variance (ANOVA)
was performed, with group (group I and group II) as the between-group factor and time
(before and after DBS) as the within-group factor, followed by Bonferroni’s post hoc tests.

Then, the change in the severity of depression (HAM-D24 total scores and subitems)
between the preoperative and postoperative periods was calculated for each participant
and compared between groups. Comparisons were analyzed first without covariates, using
an independent t-test. Second, an analysis of covariance (ANCOVA) was conducted to
detect differences in the change in depression scores between the preoperative and post-
operative periods, while adjusting for covariates. Covariates of gender and preoperative
HAMA scores were selected due to their association with depression scores. Apart from
the change in depression scores, comparisons were also made with the changes in motor
symptoms (MDS-UPDRS-III), cognition (MMSE), and quality of life (PDQ-39).

Finally, for differences between groups, categorical variables were compared using the
chi-squared test. We applied independent-samples t-tests for between-group comparisons
when data were normally distributed and nonparametric tests (Mann–Whitney U test) when
the data had a skewed distribution. Independent predictors of depression amelioration
were analyzed with logistic regression, and family-wise error comparison was also applied
for multiple comparisons. Two-tailed p-values below 0.05 were considered to indicate
significant results. All statistical analyses were conducted in SPSS 24 (IBM, Chicago,
IL, USA).

3. Results
3.1. Patients and Baseline Characteristics

Data for 146 patients with PD were briefly reviewed, and 22 patients were excluded on
the basis of the inclusion criteria. Among the 124 patients who met the criteria, two patients
were lost to the 12-month follow-up postoperatively, one patient had missing or incomplete
psychological evaluation data, and three patients had an accident (trauma or cardiovascular
or cerebrovascular disease). The 118 patients who met the criteria were included. The
shortest postoperative evaluation time point was 6 months and the longest was 12 months,
with an average of 9.78 months in group I (9.78 ± 1.77 months) and 9.88 months in group II
(9.88 ± 1.68 months). No significant difference was found in the postoperative follow-up
between the two groups. For the evaluation of motor symptoms, 42 of 118 patients were
evaluated with the UPDRS-III scale, whereas the rest were evaluated with the MDS-UPDRS
scale. We conducted score conversion as described previously [32] to transform the UPDRS-
III scale into the MDS-UPDRS scale. According to the HAM-D24 scale, 78 of the 118 patients
were assigned to group I, and 40 patients were assigned to group II. For baseline data in
the two groups, female patients had more severe depression symptoms than male patients.
Patients in group I had lower HAM-D24 and HAMA scores than patients in group II, and
the PDQ-39 scores were also lower in group I than in group II, thus indicating that patients
in group II had more severe depression and lower quality of daily activities. In group I,
nine patients (11.54%) were taking antidepressants preoperatively and four patients (6.41%)
postoperatively, whereas in group II, 10 patients were taking antidepressants preoperatively
and six patients postoperatively. No significant differences were found preoperatively
(p = 0.06) or postoperatively (p = 0.14) between the two groups. No other differences were
found between groups. Baseline data are shown in Table 1.

3.2. Effects of STN-DBS on PD Depression, Motor Symptoms, Cognition, and Quality of Life

The results of the two-way repeated-measures ANOVA are presented in Table 2. The
ANOVA revealed a significant main effect of time (F = 66.34, p < 0.001), with higher HAM-
D24 total scores in the preoperative period (18.42 ± 6.51) than in the postoperative period
(13.18 ± 8.01), and a main effect of group, with group I being lower (12.71 ± 5.25) than
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group II (20.28 ± 8.77) (F = 118.6, p < 0.001). The interaction effect demonstrated that PD
patients in group II had greater declines in their HAM-D24 total scores (F= 12.46, p < 0.001)
and subitems anxiety/somatization (F = 5.01, p = 0.027), cognitive disturbances (F = 10.63,
p = 0.001) and hopelessness symptoms (F = 4.63, p= 0.033). Post hoc analyses indicated
that the postoperative HAM-D24 total scores were significantly decreased compared to the
preoperative period in both group I (p < 0.001) and group II (p < 0.001). For HAM-D24
subitems, group I showed significant postoperative declines compared to the preoperative
period in anxiety/somatization (p = 0.020), circadian fluctuations (p = 0.002), retardation
symptoms (p = 0.012), sleep disturbances (p = 0.030), and hopelessness symptoms (p = 0.016),
whereas group II showed significant postoperative declines compared to the preoperative
period in anxiety/somatization (p < 0.001), cognitive disturbances (p < 0.001), circadian
fluctuations (p = 0.026), retardation symptoms (p < 0.001), sleep disturbances (p < 0.001),
and hopelessness symptoms (p < 0.001).

Table 1. Preoperative baseline characteristics of patients in Group I and Group II.

Group I
(n = 78)

Group II
(n = 40) p-Value

Gender/Female (%) a 29 (37.18%) 24 (60.00%) 0.018 *
Age of onset(years) 49.91 ± 8.80 49.75 ± 9.84 0.928

Duration(years) 12.41 ± 3.99 13.50 ± 3.89 0.145
Age of surgery (years) 62.32 ± 8.52 63.25 ± 9.00 0.580

LEDD (mg) 673.10 ± 336.72 727.03 ± 389.72 0.354
Pre-Antidepressants a 9 (11.54%) 10 (32.5%) 0.060

Hoehn–Yahr Stage (med off) 2.95 ± 0.52 3.05 ± 0.52 0.111
HAM-D24 Score 14.44 ± 3.09 26.18 ± 3.83 <0.001 *

HAMA Score 14.09 ± 5.63 23.14 ± 7.75 <0.001 *
MDS-UPDRS-III (med off) 54.87 ± 17.63 58.80 ± 20.54 0.281

MMSE 27.67 ± 1.92 27.15 ± 1.92 0.152
PDQ-39 51.12 ± 17.75 73.23 ± 19.90 <0.001 *

Follow-up (months) 9.78 ± 1.77 9.88 ± 1.68 0.750
Continuous variables are presented as mean ± SD and categorical variables are presented as percentages.
p-values < 0.05 were considered to be significant and are marked with *. a Chi-squared tests were applied,
and unindicated comparisons were conducted using independent t-tests. Abbreviations: Group I: PD patients
with mild depression. Group II: PD patients with moderate depression. LEDD: levodopa equivalent daily dose,
MDS-UPDRS-III: Movement Disorder Society Unified Parkinson’s Disease Rating Scale part III, Med off: off
medication, HAMA: Hamilton Rating Scale for Anxiety, HAM-D24: 24-item Hamilton Depression Rating Scale,
PDQ-39: Parkinson’s Disease Questionnaire, MMSE: Mini-Mental State Examination.

The change between the preoperative and postoperative periods in terms of depres-
sion (HAM-D24 total score and its subitem scores), as well as motor skills (MDS-UPDRS-
III score), cognition (MMSE score), and quality of life (PDQ-39 score) are demonstrated
in Table 3. The depression levels of a total of 31 patients of the 78 patients (39.74%)
in group I decreased from mild (HAM-D24 score 8–20) to non-depression (HAM-D24
score 1–7). In group II, 28 of 40 patients (70%) showed decreased depression levels.
Twenty-three patients’ depression levels decreased from moderate (HAM-D24 score 21–34)
to mild (HAM-D24 score 8–20), whereas five patients’ depression levels decreased from
mild (HAM-D24 score 8–20) to non-depression (HAM-D24 score 1–7). Thus, the result of
the chi-squared tests showed that the proportion of patients with decreased depression
levels after STN-DBS was higher in group II than in group I (p = 0.002). Independent
t-tests without covariates indicated that PD patients in group II showed greater reductions
than patients in group I in terms of the HAM-D24 total score (p = 0.003) and HAM-D24
subitems, including anxiety/somatization (p = 0.027), cognitive disturbances (p = 0.010),
and dopelessness symptoms (p = 0.033). Furthermore, adjusting for gender and preop-
erative HAMA scores resulted in fewer differences between group I and group II, with
group II exhibiting a greater reduction in the HAM-D24 total score (p = 0.002) and HAM-
D24 subitems, including cognitive disturbances (p = 0.026) and hopelessness symptoms
(p = 0.018). In addition, the changes between preoperative and postoperative periods in
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motor symptoms (MDS-UPDRS-III), cognition (MMSE), and quality of life (PDQ-39) were
also compared between groups; however, no significant differences were found in indepen-
dent t-tests without covariates or ANCOVA adjusting for gender and preoperative HAMA
scores. We also calculated the Relative Change as well as Effective Size in both groups.
Relative Change= (mean follow-up - mean baseline)/mean baseline. Effective Size= (mean
baseline - mean follow-up)/SD change score. The improvement of Anxiety/Somatization,
Cognitive Disturbances, Retardation Symptoms, Sleep Disturbances and Hopelessness
Symptoms in Group II were classified as medium while others as small (Table 4).

3.3. Preoperative Predictors of the Effects of STN-DBS on PD Depression

To predict the efficacy of STN-DBS in patients with Parkinson’s disease with different
levels of depression in clinical practice, postoperative predictors of Parkinson’s disease
depression are necessary. We chose age; sex; age of onset; disease duration; and preopera-
tive factors, including the LEDD, MDS-UPDRS score (med off), HAMA score, HAM-D24
score, and PDQ-39 scale score, as possible predictors. After correction, sex (0.35 (0.15, 0.81),
p = 0.014) and the preoperative HAM-D24 score (4.92 (2.00, 12.13), p < 0.001) were significant
in both univariate and multivariate analyses, thus suggesting that sex and preoperative
depression were possible predictors of postoperative depression after STN-DBS (Table 5).
PD patients with more severe preoperative depression levels were more likely to gain
better effects postoperatively. Female PD patients exhibited better improvements in their
depression scores after STN-DBS (0.35 (0.15, 0.81), p = 0.014). In contrast, preoperative
LEDD and PDQ-39 scores were significant according to the univariate analysis but not
according to the multivariate analysis. Other factors were not significant according to both
the univariate analysis and multivariate analysis.

Table 2. Comparison of preoperative and postoperative HAM-D24 total scores and subitems
between groups.

Group I
(n= 78)

Group II
(n= 40) Interaction

Effect
p-ValuePreoperative Postoperative Post Hoc

p-Value Preoperative Postoperative Post Hoc
p-Value

HAM-D24-Total score 14.44 ± 3.09 10.99 ± 6.32 <0.001 * 26.18 ± 3.83 17.45 ± 9.23 <0.001 * <0.001 *
Anxiety/Somatization 3.38 ± 1.61 2.54 ± 2.38 0.020 * 5.90 ± 1.69 3.85 ± 2.43 <0.001 * 0.027 *

Weight Loss 0.10 ± 0.41 0.04 ± 0.19 0.620 0.27 ± 0.55 0.12 ± 0.40 0.181 0.428
Cognitive Disturbances 2.05 ± 1.61 1.73 ± 1.60 0.603 5.10 ± 2.57 3.05 ± 3.21 <0.001 * 0.001 *
Circadian Fluctuations 0.68 ± 0.69 0.37 ± 0.58 0.002 * 0.75 ± 0.74 0.42 ± 0.54 0.026 * 0.913
Retardation Symptoms 2.19 ± 1.36 1.56 ± 1.23 0.012 * 4.27 ± 1.44 2.97 ± 2.18 <0.001 * 0.083

Sleep Disturbances 3.01 ± 1.96 2.38 ± 2.08 0.030 * 4.15 ± 1.62 2.85 ± 1.73 <0.001 * 0.126
Hopelessness Symptoms 3.01 ± 1.51 2.36 ± 1.51 0.016 * 5.72 ± 1.58 4.17 ± 1.92 <0.001 * 0.033 *

All data were presented as mean ± SD. p-values < 0.05 were considered to be significant and are marked with
* Two-way repeated-measures ANOVA, with group (group I and group II) as the between-group factor and time
(before and after DBS) as the within-group factor, was applied to analyze the differences in the HAM-D24 total
scores and HAM-D24 subitems, followed by Bonferroni’s post hoc tests. Anxiety/somatization (6 items: psychic
anxiety, somatic anxiety, gastrointestinal symptoms, hypochondriasis, insight, and general symptoms); weight
loss (1 item); cognitive disturbances (6 items: self-guilt, suicide, agitation, depersonalization and derealization,
paranoid, and obsessive-compulsive symptom); circadian fluctuations (1 item); retardation symptoms (4 items:
depression, work and interests, retardation, and sexual symptoms); sleep disturbances (3 items: difficulty falling
asleep, superficial sleep and early awakening); hopelessness symptoms (3 items: helplessness, hopelessness and
worthlessness). Abbreviations: Group I: PD patients with mild depression. Group II: PD patients with moderate
depression. HAM-D24: 24-item Hamilton depression rating scale.
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Table 3. Change of depressive symptoms, motor, cognition and quality of life after STN-DBS
between groups.

Group I
(n= 78)

Group II
(n= 40)

Independent t-test
p-Value

ANCOVA
p-Value

Change of HAM-D24 Total score 3.45 ± 6.22 8.73 ± 9.96 0.003 * 0.002 *
Change of HAM-D24 level a 0.002 * n/A

Improved 31 (39.74%) 28 (70.00%)
Not Improved 47 (60.26%) 12 (30.00%)

Change of HAM-D24 subitems
Anxiety/Somatization 0.85 ± 2.56 2.05 ± 3.13 0.027 * 0.113

Weight Loss 0.06 ± 0.47 0.15 ± 0.70 0.486 0.108
Cognitive Disturbances 0.32 ± 1.93 2.05 ± 3.84 0.010 * 0.026 *
Circadian Fluctuations 0.31 ± 0.83 0.33 ± 0.80 0.913 0.832
Retardation Symptoms 0.63 ± 1.77 1.30 ± 2.32 0.083 0.144

Sleep Disturbances 0.63 ± 2.39 1.30 ± 1.92 0.127 0.064
Hopelessness Symptoms 0.65 ± 2.13 1.55 ± 2.15 0.033 * 0.018 *

MDS-UPDRS-III-improvement 49.63 ± 33.11% 54.18 ± 30.87% 0.768 0.777
Change of MMSE score 1.36 ± 3.62 0.68 ± 2.97 0.305 0.287
Change of PDQ-39 score 12.95 ± 24.39 19.93 ± 8.46 0.168 0.550

Antidepressants a 4 (6.41%) 6 (17.50%) 0.140 N/A

Continuous variables are presented as mean ± SD and categorical variables are presented as percentages.
a chi-square test, unindicated comparisons were conducted using independent t-test and ANCOVA adjusting
for covariates of gender and preoperative HAMA scores. p-value < 0.05 is considered to be significant and
is marked with * Anxiety/somatization (6 items: psychic anxiety, somatic anxiety, gastrointestinal symptoms,
hypochondriasis, insight, and general symptoms); Weight loss (1 item); Cognitive disturbances (6 items: self-
guilt, suicide, agitation, depersonalization and derealization, paranoid, and obsessive-compulsive symptom);
Circadian fluctuations (1 item); Retardation symptoms (4 items: depression, work and interests, retardation, and
sexual symptoms); Sleep disturbances (3 items: difficulty falling asleep, superficial sleep and early awakening);
Hopelessness symptoms (3 items: helplessness, hopelessness and worthlessness). Abbreviations: Group I: PD
patients with mild depression. Group II: PD patients with moderate depression; HAM-D24, 24-item Hamilton
depression rating scale; MDS-UPDRS-III, Movement Disorder Society Unified Parkinson’s Disease Rating Scale
part III; HAMA, Hamilton Rating Scale for Anxiety; PDQ-39, Parkinson’s Disease Questionnaire.

Table 4. Relative change and effective size of HAM-D24 subitems in group I and group II.

Relative Change Effective Size(95%CI) Classification

Group I Group II Group I Group II Group I Group II

Anxiety/Somatization −0.25 −0.35 0.33 (0.10, 0.56) 0.66 (0.31, 0.99) small medium
Weight Loss −0.60 −0.54 0.14(−0.09, 0.36) 0.21 (−0.10, 0.53) - small

Cognitive Disturbances −0.16 −0.40 0.17 (−0.06, 0.39) 0.53 (0.20, 0.86) - medium
Circadian Fluctuations −0.46 −0.44 0.37 (0.14, 0.60) 0.41 (0.08, 0.73) small small
Retardation Symptoms −0.29 −0.30 0.35 (0.12, 0.58) 0.56 (0.22, 0.89) small medium

Sleep Disturbances −0.21 −0.31 0.26 (0.04, 0.49) 0.68 (0.33, 1.01) small medium
Hopelessness Symptoms −0.22 −0.27 0.31 (0.08, 0.53) 0.72 (0.37, 1.07) small medium

Relative Change = (mean follow-up-mean baseline)/mean baseline. Effective Size = (mean baseline-mean
follow-up)/SD change score. ‘small’ (0.20–0.49) ‘medium’ (0.50–0.79). Anxiety/somatization (6 items: psychic
anxiety, somatic anxiety, gastrointestinal symptoms, hypochondriasis, insight, and general symptoms); Weight
loss (1 item); Cognitive disturbances (6 items: self-guilt, suicide, agitation, depersonalization and derealization,
paranoid, and obsessive-compulsive symptom); Circadian fluctuations (1 item); Retardation symptoms (4 items:
depression, work and interests, retardation, and sexual symptoms); Sleep disturbances (3 items: difficulty falling
asleep, superficial sleep and early awakening); Hopelessness symptoms (3 items: helplessness, hopelessness
and worthlessness). Abbreviations: Group I: PD patients with mild depression. Group II: PD patients with
moderate depression.
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Table 5. Possible predictors of efficacy of STN-DBS on Parkinson’s disease depression.

Univariable Multivariable
β/OR (95%CI) p-Value β/OR (95%CI) p-Value

Age 0.99 (0.94, 1.03) 0.488
Gender

Male 1.00 − 1.00 -
Female 0.54 (0.26, 1.12) 0.097 * 0.35 (0.15, 0.81) 0.014 *

Age of onset 0.98 (0.94, 1.02) 0.401
Pre-LEDD 1.00 (1.00, 1.00) 0.190

Pre-MDS-UPDRS-III (med off) 1.01 (0.99, 1.03) 0.518
Pre-HAMA 1.02 (0.97, 1.07) 0.384

Pre- HAM-D24 level
Mild Depression 1.00 − 1.00

Moderate Depression 3.54 (1.57, 7.99) <0.002 * 4.92 (2.00, 12.13) <0.001 *
Pre-PDQ-39 1.01 (0.99, 1.03) 0.185

Pre-Hoehn-Yahr Stage 1.49 (0.71, 3.11) 0.288
Pre-MMSE 1.17 (0.97, 1.42) 0.105
Duration 1.02 (0.93, 1.12) 0.675

p-value < 0.05 is considered to be significant and is marked with *. Univariable regression and Multivariable
regression were applied to seek possible predictors. Abbreviations: LEDD, Levodopa equivalent daily dose; MDS-
UPDRS-III, Movement Disorder Society Unified Parkinson’s Disease Rating Scale part III; Med off, medication
off; HAMA, Hamilton Rating Scale for Anxiety; HAM-D24, 24-item Hamilton Depression Rating Scale; PDQ-39,
Parkinson’s Disease Questionnaire; MMSE, Mini-Mental State Examination.

4. Discussion

In this study, we retrospectively analyzed the effects of STN-DBS on depressive symp-
toms in PD, as well as the possible preoperative predictors of the effects of STN-DBS
on depressive symptoms in PD. STN-DBS significantly decreased HAM-D24 scores in
patients with PD depression by an average of 10 months after surgery. Interestingly,
patients with different levels of depression had different postoperative outcomes. The
amelioration of depressive symptoms was greater in patients with moderate depression
than in those with mild depression. Thirty-one patients out of 78 patients (39.74%) in
group I had decreased depression levels, decreasing from mild (HAM-D24 score 8–20) to
non-depression, whereas 28 of 40 patients (70%) in group II moved from the moderate
category (HAM-D24 score 21–34) to the mild (HAM-D24 score 8–20) or non-depression
(HAM-D24 score 1–7) categories. PD patients with more severe preoperative depression
tended to be more sensitive to stimulation caused by STN-DBS than patients with mild
depressive symptoms and had more space for improvement. We speculated that differ-
ences in sensitivity to stimulation were responsible for the different results between the
two groups. Simultaneously, the major subitem contributors differed among patients with
different depression levels. Furthermore, regression analysis on possible preoperative
predictors of postoperative depression amelioration indicated that preoperative HAM-D24
scores (depression level) and sex predicted the efficacy of STN-DBS in treating depressive
symptoms in PD.

In agreement with our results, several recent studies have demonstrated that STN-
DBS shows a trend toward the amelioration of PD depression. For example, Huang
and colleagues indicated that after STN-DBS, patients’ Beck Depression Inventory scale
scores decreased significantly, thus indicating the significant alleviation of depressive
symptoms. As previously reported, the generation of the depressive symptoms of PD is
associated with the limbic system, the ventromedial prefrontal cortex, and the dorsolateral
prefrontal cortex [33,34]. In a resting-state functional MRI (rs-fMRI) study of depression
by Wen and colleagues, compared to healthy controls, patients with PD were found to
have increased neural activity in prefrontal regions and decreased functional connectivity
between prefrontal and limbic structures [35]. Research has demonstrated that STN-DBS
influences the connectivity among the motor-associated cortex, thalamus, and cerebellum,
thereby suggesting that structures influenced by STN-DBS are partly associated with
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areas involved in depression [36,37]. In contrast, studies have shown that changes in
glucose metabolism induced by STN-DBS affect the levels of ketamine, which has rapid
antidepressant and anti-anhedonic effects in brain structures [38,39]. This finding may
provide a reasonable explanation for why STN-DBS eases depressive symptoms in PD.

Some previous studies have concluded that, contrary to our findings, STN-DBS wors-
ens depressive symptoms in patients with PD. Therefore, we further investigated the
possible reasons for these disparate results. First, the different scales used across studies
focus on different sub-symptoms of depression, and the symptoms improved by STN-DBS
might differ from the symptoms focused on in other scales that have been used [40]. Re-
search conducted by Strutt and colleagues, using the Beck Depression Inventory scale,
which focuses on cognitive-emotional symptoms (self-disappointment and self-criticalness)
instead of somatic symptoms of depression, has shown an increase in depression postopera-
tively [41]. In addition, evidence has already indicated that STN-DBS can enable the dosage
of levodopa medication to be decreased [29]. A rapid decrease in levodopa medication has
been suggested to cause the deterioration of depressive symptoms [42].

Moreover, studies have concluded that major depressive disorder is characterized
by different involvement of the two hemispheres; however, these results require further
research [43,44]. In the initial stage of Parkinson’s disease, symptoms appeared on the
left or right side of the body. Different sides of the initial symptoms of the disease could
have resulted from abnormalities in different cerebral hemispheres. A lot of PD patients
have more severe symptoms in one limb than the other. This may also relate to different
hemispheres. Our study focused on the changes in the whole brain induced by STN-DBS,
rather than unilateral hemispheres. Further attention should be paid to the effect of each
unilateral cerebral hemisphere on depression. By exploring the effects of STN-DBS in
ameliorating depressive symptoms and predicting the efficacy of STN-DBS in treating
depression in patients with PD, our study may help clinicians and nurses to arrange
clinical treatment methods according to the status of each patient’s illness. In addition, this
study may provide a reference for decision-making and the development of individualized
treatment plans, and may help to alleviate patient stress.

Several limitations of our study should be noted. First, the number of patients enrolled
in this experiment was 118; thus, the sample size was relatively limited. More patient
information must be collected to improve the data statistics. Simultaneously, most par-
ticipants in the experiment were followed up for no more than 2 years; thus, the data
may not reflect the depression of patients with STN-DBS after longer periods of time and
consequently might have resulted in inaccurate conclusions. Therefore, a longer follow-up
period is necessary. Second, as described above, some studies have suggested the differing
involvement of the two hemispheres in depression, but our study focused on the effects
on the whole brain. Thus, further attention should be paid to the differences between
hemispheres through separate analysis. Third, different scales were used to assess patients’
motor function, namely, UPDRS and MDS-UPDRS, because of differences in the timing of
patients’ assessments. Although we used a validated formula to convert the total scores
between scales, the results of our study might possibly have been influenced by this. Fi-
nally, we only recorded whether the patients were taking antidepressant drugs and we
were unaware of the types and dosages of antidepressants that patients used. In future
studies, we will keep more detailed records of the antidepressant usage of PD patients
with depression.

5. Conclusions

In this study, we concluded that STN-DBS could improve depressive symptoms in
patients with Parkinson’s disease. We innovatively divided the PD patients into two groups
according to their levels of depression (group I and group II) and found that patients with
more severe depression preoperatively tended to have better improvements after STN-DBS.
Furthermore, we performed logistic analysis and found that preoperative depression and
gender were predictive factors of postoperative depression outcomes. Our findings could
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help clinicians to better manage depressive symptoms in PD patients with depression.
Follow-up studies should pay more attention to functional imaging or electrophysiology
methods in order discover the specific neural mechanisms underlying these findings.

Author Contributions: Conceptualization, T.H., H.X., D.W., F.M., Y.B. and J.Z.; Data curation, Y.G.;
Formal analysis, T.H., H.X., Y.B. and J.Z.; Funding acquisition, J.Z.; Investigation, T.H., H.X., H.F.
and D.W.; Methodology, T.H., H.X., Y.D., H.F., Y.B. and J.Z.; Project administration, Y.B. and J.Z.;
Resources, J.Z.; Software, T.H. and H.X.; Supervision, Y.B. and J.Z.; Validation, T.H., H.X., Y.D., D.W.,
F.M. and Y.B.; Visualization, T.H., H.X. and J.Z.; Writing–original draft, T.H. and H.X.; Writing–review
& editing, T.H., H.X., Y.G., Y.B. and J.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was funded by the National Natural Science Foundation of China (81830033
and 61761166004).

Institutional Review Board Statement: All procedures performed in studies involving human
participants were con-ducted in accordance with the ethical standards of the institutional and/or
national research committee and with the 1975 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was obtained from all the patients included in
the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy regulations for patients.

Acknowledgments: We thank all the subjects who participated in this study.

Conflicts of Interest: The authors declare no conflict of interest. Tianqi Hu and Hutao Xie have
contributed equally to this work and share first authorship.

References
1. Tolosa, E.; Wenning, G.; Poewe, W. The diagnosis of Parkinson’s disease. Lancet Neurol. 2006, 5, 75–86. [CrossRef]
2. Diao, Y.; Bai, Y.; Hu, T.; Yin, Z.; Liu, H.; Meng, F.; Yang, A.; Zhang, J. A Meta-Analysis of the Effect of Subthalamic Nucleus-Deep

Brain Stimulation in Parkinson’s Disease-Related Pain. Front. Hum. Neurosci. 2021, 15, 688818. [CrossRef] [PubMed]
3. Yin, Z.; Bai, Y.; Guan, B.; Jiang, Y.; Wang, Z.; Meng, F.; Yang, A.; Zhang, J. A quantitative analysis of the effect of bilateral

subthalamic nucleus-deep brain stimulation on subjective and objective sleep parameters in Parkinson’s disease. Sleep Med. 2021,
79, 195–204. [CrossRef] [PubMed]

4. Yin, Z.; Bai, Y.; Zou, L.; Zhang, X.; Wang, H.; Gao, D.; Qin, G.; Ma, R.; Zhang, K.; Meng, F.; et al. Balance response to
levodopa predicts balance improvement after bilateral subthalamic nucleus deep brain stimulation in Parkinson’s disease.
NPJ Parkinsons Dis. 2021, 7, 47. [CrossRef]

5. Hely, M.A.; Morris, J.G.; Reid, W.G.; Trafficante, R. Sydney Multicenter Study of Parkinson’s disease: Non-L-dopa-responsive
problems dominate at 15 years. Mov. Disord. 2005, 20, 190–199. [CrossRef]

6. Reijnders, J.S.; Ehrt, U.; Weber, W.E.; Aarsland, D.; Leentjens, A.F. A systematic review of prevalence studies of depression in
Parkinson’s disease. Mov. Disord. 2008, 23, 183–189. [CrossRef]

7. Alexopoulos, G.S. Depression in the elderly. Lancet 2005, 365, 1961–1970. [CrossRef]
8. Alexopoulos, G.S.; Kiosses, D.N.; Klimstra, S.; Kalayam, B.; Bruce, M.L. Clinical presentation of the “depression-executive

dysfunction syndrome” of late life. Am. J. Geriatr. Psychiatry 2002, 10, 98–106.
9. Alexopoulos, G.S.; Meyers, B.S.; Young, R.C.; Mattis, S.; Kakuma, T. The course of geriatric depression with “reversible dementia”:

A controlled study. Am. J. Psychiatry 1993, 150, 1693–1699. [CrossRef] [PubMed]
10. Minino, A.M.; Arias, E.; Kochanek, K.D.; Murphy, S.L.; Smith, B.L. Deaths: Final data for 2000. Natl. Vital Stat. Rep. 2002,

50, 1–119. [PubMed]
11. Marsh, L. Depression and Parkinson’s disease: Current knowledge. Curr. Neurol. Neurosci. Rep. 2013, 13, 409. [CrossRef]

[PubMed]
12. Schrag, A.; Jahanshahi, M.; Quinn, N. How does Parkinson’s disease affect quality of life? A comparison with quality of life in the

general population. Mov. Disord. 2000, 15, 1112–1118. [CrossRef]
13. Montemurro, N.; Aliaga, N.; Graff, P.; Escribano, A.; Lizana, J. New Targets and New Technologies in the Treatment of Parkinson’s

Disease: A Narrative Review. Int. J. Environ. Res. Public Health 2022, 19, 8799. [CrossRef] [PubMed]

http://doi.org/10.1016/S1474-4422(05)70285-4
http://doi.org/10.3389/fnhum.2021.688818
http://www.ncbi.nlm.nih.gov/pubmed/34276330
http://doi.org/10.1016/j.sleep.2020.10.021
http://www.ncbi.nlm.nih.gov/pubmed/33208282
http://doi.org/10.1038/s41531-021-00192-9
http://doi.org/10.1002/mds.20324
http://doi.org/10.1002/mds.21803
http://doi.org/10.1016/S0140-6736(05)66665-2
http://doi.org/10.1176/ajp.150.11.1693
http://www.ncbi.nlm.nih.gov/pubmed/8105707
http://www.ncbi.nlm.nih.gov/pubmed/12382630
http://doi.org/10.1007/s11910-013-0409-5
http://www.ncbi.nlm.nih.gov/pubmed/24190780
http://doi.org/10.1002/1531-8257(200011)15:6&lt;1112::AID-MDS1008&gt;3.0.CO;2-A
http://doi.org/10.3390/ijerph19148799
http://www.ncbi.nlm.nih.gov/pubmed/35886651


J. Clin. Med. 2022, 11, 5844 11 of 12

14. Birchall, E.L.; Walker, H.C.; Cutter, G.; Guthrie, S.; Joop, A.; Memon, R.A.; Watts, R.L.; Standaert, D.G.; Amara, A.W. The effect
of unilateral subthalamic nucleus deep brain stimulation on depression in Parkinson’s disease. Brain Stimul. 2017, 10, 651–656.
[CrossRef] [PubMed]

15. Couto, M.I.; Monteiro, A.; Oliveira, A.; Lunet, N.; Massano, J. Depression and anxiety following deep brain stimulation in
Parkinson’s disease: Systematic review and meta-analysis. Acta Med. Port. 2014, 27, 372–382. [CrossRef] [PubMed]

16. Follett, K.A.; Weaver, F.M.; Stern, M.; Hur, K.; Harris, C.L.; Luo, P.; Marks, W.J., Jr.; Rothlind, J.; Sagher, O.; Moy, C.; et al. Pallidal
versus subthalamic deep-brain stimulation for Parkinson’s disease. N. Engl. J. Med. 2010, 362, 2077–2091. [CrossRef]

17. Xu, Y.; Yang, B.; Zhou, C.; Gu, M.; Long, J.; Wang, F.; Zhu, Y.; Liu, B.; Ren, H.; Yang, X. Suicide and suicide attempts after
subthalamic nucleus stimulation in Parkinson’s disease: A systematic review and meta-analysis. Neurol. Sci. 2021, 42, 267–274.
[CrossRef]

18. Burdick, A.P.; Foote, K.D.; Wu, S.; Bowers, D.; Zeilman, P.; Jacobson, C.E.; Ward, H.E.; Okun, M.S. Do patient’s get angrier
following STN, GPi, and thalamic deep brain stimulation. Neuroimage 2011, 54 (Suppl. S1), S227–S232. [CrossRef]

19. Fan, S.Y.; Wang, K.L.; Hu, W.; Eisinger, R.S.; Han, A.; Han, C.L.; Wang, Q.; Michitomo, S.; Zhang, J.G.; Wang, F.; et al. Pallidal
versus subthalamic nucleus deep brain stimulation for levodopa-induced dyskinesia. Ann. Clin. Transl. Neurol. 2020, 7, 59–68.
[CrossRef]

20. Xie, H.; Zhang, Q.; Jiang, Y.; Bai, Y.; Zhang, J. Parkinson’s disease with mild cognitive impairment may has a lower risk of
cognitive decline after subthalamic nucleus deep brain stimulation: A retrospective cohort study. Front. Hum. Neurosci. 2022,
16, 943472. [CrossRef]

21. Martinez-Martin, P.; Jeukens-Visser, M.; Lyons, K.E.; Rodriguez-Blazquez, C.; Selai, C.; Siderowf, A.; Welsh, M.; Poewe, W.;
Rascol, O.; Sampaio, C.; et al. Health-related quality-of-life scales in Parkinson’s disease: Critique and recommendations.
Mov. Disord. 2011, 26, 2371–2380. [CrossRef] [PubMed]

22. Jenkinson, C.; Peto, V.; Fitzpatrick, R.; Greenhall, R.; Hyman, N. Self-reported functioning and well-being in patients with
Parkinson’s disease: Comparison of the short-form health survey (SF-36) and the Parkinson’s Disease Questionnaire (PDQ-39).
Age Ageing 1995, 24, 505–509. [CrossRef] [PubMed]

23. Hamilton, M. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 1960, 23, 56–62. [CrossRef] [PubMed]
24. Moberg, P.J.; Lazarus, L.W.; Mesholam, R.I.; Bilker, W.; Chuy, I.L.; Neyman, I.; Markvart, V. Comparison of the standard and

structured interview guide for the Hamilton Depression Rating Scale in depressed geriatric inpatients. Am. J. Geriatr. Psychiatry
2001, 9, 35–40. [CrossRef] [PubMed]

25. Wei, Q.; Zheng, Z.; Guo, X.; Ou, R.; Chen, X.; Huang, R.; Yang, J.; Shang, H. Association between depression and survival in
Chinese amyotrophic lateral sclerosis patients. Neurol. Sci. 2016, 37, 557–563. [CrossRef]

26. Guy, W. ECDEU Assessment Manual for Psychopharmacology; (DHHS Publication No. ADM 91-338); U.S. Department of Health,
Education, and Welfare: Washington, DC, USA, 1976.

27. Zhu, G.; Yin, Y.; Xiao, C.L.; Mao, R.J.; Shi, B.H.; Jie, Y.; Wang, Z.W. Serum DHEAS levels are associated with the development of
depression. Psychiatry Res. 2015, 229, 447–453. [CrossRef]

28. Pan, S.; Liu, Z.W.; Shi, S.; Ma, X.; Song, W.Q.; Guan, G.C.; Zhang, Y.; Zhu, S.M.; Liu, F.Q.; Liu, B.; et al. Hamilton rating scale
for depression-24 (HAM-D24) as a novel predictor for diabetic microvascular complications in type 2 diabetes mellitus patients.
Psychiatry Res. 2017, 258, 177–183. [CrossRef]

29. Bronstein, J.M.; Tagliati, M.; Alterman, R.L.; Lozano, A.M.; Volkmann, J.; Stefani, A.; Horak, F.B.; Okun, M.S.; Foote, K.D.;
Krack, P.; et al. Deep brain stimulation for Parkinson disease: An expert consensus and review of key issues. Arch. Neurol. 2011,
68, 165. [CrossRef]

30. Zhu, J.; Lu, L.; Pan, Y.; Shen, B.; Xu, S.; Hou, Y.; Zhang, X.; Zhang, L. Depression and associated factors in nondemented Chinese
patients with Parkinson’s disease. Clin. Neurol. Neurosurg. 2017, 163, 142–148. [CrossRef]

31. Lian, T.H.; Guo, P.; Zuo, L.J.; Hu, Y.; Yu, S.Y.; Liu, L.; Jin, Z.; Yu, Q.J.; Wang, R.D.; Li, L.X.; et al. An Investigation on the Clinical
Features and Neurochemical Changes in Parkinson’s Disease With Depression. Front. Psychiatry 2018, 9, 723. [CrossRef]

32. Goetz, C.G.; Stebbins, G.T.; Tilley, B.C. Calibration of unified Parkinson’s disease rating scale scores to Movement Disorder
Society-unified Parkinson’s disease rating scale scores. Mov. Disord. 2012, 27, 1239–1242. [CrossRef] [PubMed]

33. Muller, V.I.; Cieslik, E.C.; Serbanescu, I.; Laird, A.R.; Fox, P.T.; Eickhoff, S.B. Altered Brain Activity in Unipolar Depression
Revisited: Meta-analyses of Neuroimaging Studies. JAMA Psychiatry 2017, 74, 47–55. [CrossRef] [PubMed]

34. Gray, J.P.; Muller, V.I.; Eickhoff, S.B.; Fox, P.T. Multimodal Abnormalities of Brain Structure and Function in Major Depressive
Disorder: A Meta-Analysis of Neuroimaging Studies. Am. J. Psychiatry 2020, 177, 422–434. [CrossRef] [PubMed]

35. Wen, M.C.; Chan, L.L.; Tan, L.C.; Tan, E.K. Depression, anxiety, and apathy in Parkinson’s disease: Insights from neuroimaging
studies. Eur. J. Neurol. 2016, 23, 1001–1019. [CrossRef]

36. Zhang, C.; Lai, Y.; Li, J.; He, N.; Liu, Y.; Li, Y.; Li, H.; Wei, H.; Yan, F.; Horn, A.; et al. Subthalamic and Pallidal Stimulations in
Patients with Parkinson’s Disease: Common and Dissociable Connections. Ann. Neurol. 2021, 90, 670–682. [CrossRef]

37. Bai, Y.; Diao, Y.; Gan, L.; Zhuo, Z.; Yin, Z.; Hu, T.; Cheng, D.; Xie, H.; Wu, D.; Fan, H.; et al. Deep Brain Stimulation Modulates
Multiple Abnormal Resting-State Network Connectivity in Patients With Parkinson’s Disease. Front. Aging Neurosci. 2022,
14, 794987. [CrossRef]

38. Lally, N.; Nugent, A.C.; Luckenbaugh, D.A.; Ameli, R.; Roiser, J.P.; Zarate, C.A. Anti-anhedonic effect of ketamine and its neural
correlates in treatment-resistant bipolar depression. Transl. Psychiatry 2014, 4, e469. [CrossRef]

http://doi.org/10.1016/j.brs.2016.12.014
http://www.ncbi.nlm.nih.gov/pubmed/28065487
http://doi.org/10.20344/amp.4928
http://www.ncbi.nlm.nih.gov/pubmed/25017350
http://doi.org/10.1056/NEJMoa0907083
http://doi.org/10.1007/s10072-020-04555-7
http://doi.org/10.1016/j.neuroimage.2010.09.077
http://doi.org/10.1002/acn3.50961
http://doi.org/10.3389/fnhum.2022.943472
http://doi.org/10.1002/mds.23834
http://www.ncbi.nlm.nih.gov/pubmed/21735480
http://doi.org/10.1093/ageing/24.6.505
http://www.ncbi.nlm.nih.gov/pubmed/8588541
http://doi.org/10.1136/jnnp.23.1.56
http://www.ncbi.nlm.nih.gov/pubmed/14399272
http://doi.org/10.1097/00019442-200102000-00006
http://www.ncbi.nlm.nih.gov/pubmed/11156750
http://doi.org/10.1007/s10072-015-2472-y
http://doi.org/10.1016/j.psychres.2015.05.093
http://doi.org/10.1016/j.psychres.2017.07.050
http://doi.org/10.1001/archneurol.2010.260
http://doi.org/10.1016/j.clineuro.2017.10.031
http://doi.org/10.3389/fpsyt.2018.00723
http://doi.org/10.1002/mds.25122
http://www.ncbi.nlm.nih.gov/pubmed/22886777
http://doi.org/10.1001/jamapsychiatry.2016.2783
http://www.ncbi.nlm.nih.gov/pubmed/27829086
http://doi.org/10.1176/appi.ajp.2019.19050560
http://www.ncbi.nlm.nih.gov/pubmed/32098488
http://doi.org/10.1111/ene.13002
http://doi.org/10.1002/ana.26199
http://doi.org/10.3389/fnagi.2022.794987
http://doi.org/10.1038/tp.2014.105


J. Clin. Med. 2022, 11, 5844 12 of 12

39. Carlson, P.J.; Diazgranados, N.; Nugent, A.C.; Ibrahim, L.; Luckenbaugh, D.A.; Brutsche, N.; Herscovitch, P.; Manji, H.K.;
Zarate, C.A., Jr.; Drevets, W.C. Neural correlates of rapid antidepressant response to ketamine in treatment-resistant unipolar
depression: A preliminary positron emission tomography study. Biol. Psychiatry 2013, 73, 1213–1221. [CrossRef]

40. Cartmill, T.; Skvarc, D.; Bittar, R.; McGillivray, J.; Berk, M.; Byrne, L.K. Deep Brain Stimulation of the Subthalamic Nucleus in
Parkinson’s Disease: A Meta-Analysis of Mood Effects. Neuropsychol Rev. 2021, 31, 385–401. [CrossRef]

41. Strutt, A.M.; Simpson, R.; Jankovic, J.; York, M.K. Changes in cognitive-emotional and physiological symptoms of depression
following STN-DBS for the treatment of Parkinson’s disease. Eur. J. Neurol. 2012, 19, 121–127. [CrossRef]

42. Benabid, A.L.; Chabardes, S.; Mitrofanis, J.; Pollak, P. Deep brain stimulation of the subthalamic nucleus for the treatment of
Parkinson’s disease. Lancet Neurol. 2009, 8, 67–81. [CrossRef]

43. Grajny, K.; Pyata, H.; Spiegel, K.; Lacey, E.H.; Xing, S.; Brophy, C.; Turkeltaub, P.E. Depression Symptoms in Chronic Left
Hemisphere Stroke Are Related to Dorsolateral Prefrontal Cortex Damage. J. Neuropsychiatry Clin. Neurosci. 2016, 28, 292–298.
[CrossRef] [PubMed]

44. Grimm, S.; Beck, J.; Schuepbach, D.; Hell, D.; Boesiger, P.; Bermpohl, F.; Niehaus, L.; Boeker, H.; Northoff, G. Imbalance between
left and right dorsolateral prefrontal cortex in major depression is linked to negative emotional judgment: An fMRI study in
severe major depressive disorder. Biol. Psychiatry 2008, 63, 369–376. [CrossRef] [PubMed]

http://doi.org/10.1016/j.biopsych.2013.02.008
http://doi.org/10.1007/s11065-020-09467-z
http://doi.org/10.1111/j.1468-1331.2011.03447.x
http://doi.org/10.1016/S1474-4422(08)70291-6
http://doi.org/10.1176/appi.neuropsych.16010004
http://www.ncbi.nlm.nih.gov/pubmed/27255855
http://doi.org/10.1016/j.biopsych.2007.05.033
http://www.ncbi.nlm.nih.gov/pubmed/17888408

	Introduction 
	Methods 
	Patient Selection 
	DBS Electrode Implantation 
	Clinical Assessment 
	Statistical Analysis 

	Results 
	Patients and Baseline Characteristics 
	Effects of STN-DBS on PD Depression, Motor Symptoms, Cognition, and Quality of Life 
	Preoperative Predictors of the Effects of STN-DBS on PD Depression 

	Discussion 
	Conclusions 
	References

