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Background: Parkinson’s disease (PD) is a common neurodegenerative disorder that affects 

many people every year. Deep brain stimulation (DBS) is an effective nonpharmacological 

method to treat PD motor symptoms. This meta-analysis was conducted to evaluate the efficacy 

of subthalamic nucleus (STN)-DBS versus globus pallidus internus (GPi)-DBS in treating 

advanced PD.

Methods: Controlled clinical trials that compared STN-DBS to GPi-DBS for short-term 

treatment of PD in adults were researched up to November 2015. The primary outcomes were 

the Unified Parkinson’s Disease Rating Scale Section (UPDRS) III score and the levodopa-

equivalent dosage (LED) after DBS. The secondary outcomes were the UPDRS II score and 

the Beck Depression Inventory (BDI) score.

Results: Totally, 13 studies containing 1,148 PD patients were included in this meta-analysis to 

compare STN-DBS versus GPi-DBS. During the off-medication state, the pooled weighted mean 

difference (WMD) of UPDRS III and II scores were -2.18 (95% CI =-5.11 to 0.74) and -1.96 

(95% CI =-3.84 to -0.08), respectively. During the on-medication state, the pooled WMD of 

UPDRS III and II scores were 0.15 (95% CI =-1.14 to 1.44) and 1.01 (95% CI =0.12 to 1.89), 

respectively. After DBS, the pooled WMD of LED and BDI were -254.48 (95% CI =-341.66) 

and 2.29 (95% CI =0.83 to 3.75), respectively.

Conclusion: These results indicate that during the off-medication state, the STN-DBS might 

be superior to GPi-DBS in improving the motor function and activities of daily living for PD 

patients; but during the on-medication state, the opposite result is observed. Meanwhile, the 

STN-DBS is superior at reducing the LED, whereas the GPi-DBS shows a significantly greater 

reduction in BDI score after DBS.

Keywords: Parkinson disease, deep brain stimulation, subthalamic nucleus, globus pallidus 

internus

Introduction
Parkinson’s disease (PD) is the second most common neurodegenerative disorder 

(after Alzheimer disease) of the central nervous system that mainly affects the motor 

system. This disease was found to affect approximately 7,000,000 people globally and 

1,000,000 people in USA in 2012.1 In 2013, this disease resulted in approximately 

100,000 deaths worldwide, up from 44,000 deaths in 1990.2 The lack of objective 

diagnostic tools and effective therapeutic methods are the two major problems for 

the prevention and treatment of PD. Recently, researchers have been tempted to use 

metabolomic technologies, which have been widely used to identify novel disease-

specific biomarkers,3–5 to develop objective diagnostic testing for PD. As for treatment 
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methods, currently, the antiparkinson medication levodopa 

and dopamine agonists are still the first-line treatment method 

for PD. These medications could improve the early symptoms 

of PD,6 but they become ineffective and even produce side 

effects, such as dyskinesias and psychotic symptoms,7 as 

the disease progresses and treatment time is prolonged. The 

development of these symptoms might be associated with 

the imbalance between striatopallidal (indirect) pathway and 

striatonigral (direct) pathway. Many therapeutic methods 

have been developed to overcome these symptoms, while 

maintaining adequate levodopa level to produce efficacy. 

However, to date, the side effects of long-term levodopa 

treatment are still not fully resolved.8 Many PD patients still 

respond unsatisfactorily to adjustments in pharmacological 

treatment.9 Therefore, many nonpharmacological methods, 

such as deep brain stimulation (DBS), have been developed 

and studied to overcome these difficulties.

DBS is a surgical intervention used when the phar-

macological therapies are ineffective to control PD motor 

symptoms.10,11 This method was clinically used to treat PD 

in the late 1990s, and the acceptance of it has increased over 

the past 20 years. The original assumption of DBS was that 

the chronic and high-frequency stimulation of brain areas 

might have comparable efficacy to the surgical ablation of 

these areas.12 For example, stimulating the globus pallidus 

internus (GPi) or subthalamic nucleus (STN) could replace 

the traditional pallidotomy to treat PD.13 Previous studies 

reported that DBS could provide remarkable benefits and sim-

ilar efficacy as levodopa in treating PD.14,15 A meta-analysis 

also reported that with the optimal stimulation parameters, 

DBS could effectively reduce the motor symptoms of limb 

rigidity, tremor, akinesia, and bradykinesia.16 Additionally, 

Weaver et al even found that DBS was superior to the best 

medical therapy in managing motor symptoms and improving 

quality of life (QoL).17 Due to the reversible and the adjust-

able stimulation parameters used according to the symptoms, 

DBS is more acceptable for aged patients.

Nowadays, the GPi and STN are the two main brain 

regions that DBS stimulates to treat PD. Researchers found 

that both STN-DBS and GPi-DBS could improve the motor 

function of PD patients.18,19 But, a meta-regression showed 

that combined with levodopa, the GPi-DBS seemed to 

preserve postural instability and gait disability better than 

STN-DBS.16 However, other studies reported that STN-DBS 

had a better record compared to GPi-DBS.20,21 Actually, it 

still remains questionable about which one is the optimal 

therapy. A meta-analysis conducted in April 2013 reported 

that there was no difference in the therapeutic efficacy 

between STN-DBS and GPi-DBS in treating PD.22 But this 

conclusion was obtained by only analyzing a pool of five 

studies. Moreover, some qualified studies were not included 

in this meta-analysis. In addition, several studies comparing 

the efficacy of STN-DBS versus GPi-DBS have been pub-

lished recently.23,24 Both studies reported that the STN-DBS 

group had lower Unified Parkinson’s Disease Rating Scale 

Section (UPDRS) III score than the GPi-DBS group. But 

Follett et al found that there was a lower UPDRS III score in 

GPi-DBS group than that in STN-DBS group.25 Therefore, 

an additional meta-analysis and systematic review to aid 

clinicians in making an optimal treatment strategy for PD 

patients is urgently needed.

Methods
Study selection
First, scientific and medical databases including PubMed, 

Web of Science, Embase, EB Stephens Company (EBSCO), 

China Biology Medicine (CBM)-disc, WanFang data, and 

China National Knowledge Internet (CNKI) were searched 

for controlled clinical trials that compared the efficacy of 

STN-DBS versus GPi-DBS in treating PD. The following 

keywords were used: deep brain stimulation, DBS, pallidal, 

GPi, subthalamic, STN, Parkinson, and PD. The deadline 

was set to November 2015, and only the articles written in 

Chinese and English were considered. Conference summaries 

were also searched to avoid omitting relevant studies.

Inclusion/exclusion criteria
We used the following criteria to select the qualified studies to 

conduct meta-analysis: 1) controlled clinical trials comparing 

STN-DBS versus GPi-DBS in treating PD; 2) the recruited 

patients meeting the United Kingdom Parkinson’s Disease Soci-

ety Criteria26 and were .18 years old; 3) the outcomes assessed 

by levodopa-equivalent dosage (LED) or UPDRS; 4) the out-

comes assessed within 1 year postsurgery; and 5) patients not 

taking any excluded medications, drug, and alcohol. Meanwhile, 

duplicate studies, case reports, reviews, and studies assessing 

the long-term (.1 year) efficacy were also excluded.

Outcome measures
UPDRS is widely used in clinics to assess the motor per-

formance and functional status of PD patients. The higher 

scores represent more severe PD. The UPDRS I was used to 

assess mental status, mood, and behavior; the UPDRS II was 

used to assess the activities of daily living; the UPDRS III 

was used to assess the motor function; and the UPDRS IV 

was used to assess the complications caused by therapy.27 
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Here, the UPDRS II and III were viewed as the secondary 

and primary outcome, respectively. Meanwhile, the therapy 

was considered successful if the dose of medication after 

treatment was significantly reduced. Therefore, we also 

selected the LED as the primary outcome. Additionally, the 

Beck Depression Inventory (BDI) score, which was used 

to assess the depressive symptoms of PD patients, was also 

viewed as the secondary outcome.

Data extraction
Two authors independently used the abovementioned 

inclusion/exclusion criteria to select studies and then 

extracted the data. The data from the qualified studies 

included: 1) the clinical characteristics of patients, such as 

age, sex ratio, and number; 2) the information of DBS, such 

as unilateral or bilateral, augmentation, or monotherapy; and 

3) the primary and secondary outcomes. The data were in the 

form of mean and standard deviation. If these data could not 

be directly extracted from the study, much work was done 

to obtain them, including sending e-mail to the author and 

researching the associated conference summaries and other 

studies citing the study in question.

Statistical analysis
All data were continuous, and the included studies used the 

consistent scales to assess motor function (UPDRS III) and 

activities of daily living (UPDRS II). Therefore, weighted 

mean difference (WMD) was calculated in this study to com-

pare the efficacy of STN-DBS versus GPi-DBS. The 95% 

confidence interval (CI) was also calculated. We used the 

Mantel–Haenszel random-effects model, because this model 

assumed that the included studies might have the varying true 

treatment efficacy.28 The χ2 test resulting in P-values ,0.10 

and I2 index .50% indicated significant heterogeneity.29 

All analyses were conducted using RevMan5.0 software 

and according to the recommendations of the 2009 updated 

method guidelines.30

Results
Workflow of literature research
There were 858 potential relevant studies in the primary 

literature search, and 61 duplicate studies existed. After 

removing the duplicate studies, 722 studies were further 

excluded by reading the title and abstract. Then, a total of 

62 additional studies were removed by two authors indepen-

dently reading the full text. Therefore, 13 controlled clinical 

studies were used for this meta-analysis.23–25,31–40 Detailed 

study procedures are described in Figure 1. Two authors 

independently completed this work, and any disagreements 

were dealt with by discussion.

Main characteristics
These included studies recruited 661 adult PD patients 

receiving STN-DBS and 487 receiving GPi-DBS. Only one 

study was from the People’s Republic of China.23 Almost 

each study had more men than women, which might suggest 

that PD was more common in men than women. Only three 

studies provided data about unilateral STN-DBS versus 

unilateral GPi-DBS.34,35,39 After DBS, motor function was 

assessed using UPDRS III at 6 months in seven studies, 6–8 

months in one study, and 12 months in five studies. Only 

one study did not provide the data of LED.32 All patients 

continued to use antiparkinson medication; then the assess-

ments were conducted during the standardized on- and off-

medication phases.33 The detailed information is provided 

in Tables 1 and 2.

UPDRS III score (off-medication)
UPDRS III score (off-medication) at the end point was 

available for eleven studies (Figure 2). The pooled WMD 

was -2.18 (95% CI =-5.11 to 0.74; Z=1.46; P=0.14), 

indicating that STN-DBS did not produce any significant 

improvement over GPi-DBS in the UPDRS III score (off-

medication), although a point estimate favored the use of 

STN-DBS. Sensitivity analysis was conducted by removing 

the studies that investigated the efficacy of unilateral DBS. 

This exclusion resulted in the similar effect-size estimate 

(adjusted WMD =-3.23; 95% CI =-6.96 to 0.50).

UPDRS III score (on-medication)
UPDRS III score (on-medication) at the end point was avail-

able for eleven studies (Figure 3). The pooled WMD was 0.15 

(95% CI =-1.14 to 1.44; Z=0.23; P=0.82), indicating that the 

GPi-DBS did not produce any significant improvement over 

STN-DBS in the UPDRS III score (on-medication), although 

a point estimate favored the use of GPi-DBS. Sensitivity 

analysis was conducted by removing the studies that investi-

gated the efficacy of unilateral DBS. This exclusion resulted 

in the similar effect-size estimate (adjusted WMD =-0.01; 

95% CI =-1.36 to 1.33).

UPDRS II score (off- and on-medication)
UPDRS II score (off-medication) at the end point was available 

for three studies (Figure 4A). The pooled WMD was -1.96 

(95% CI =-3.84 to -0.08; Z=2.05; P=0.04), indicating that 

STN-DBS yielded a significant improvement over GPi-DBS 
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in the UPDRS II score (off-medication) 6–12 months after 

surgery. UPDRS II score (on-medication) at the end point was 

available for six studies (Figure 4B). The pooled WMD was 1.01 

(95% CI =0.12 to 1.89; Z=2.22; P=0.03), indicating that GPi-

DBS yielded a significant improvement over STN-DBS in the 

UPDRS II score (on-medication) 6–12 months after surgery.

LED and BDI score
LED at the end point was available for 12 studies (Figure 5A). 

The pooled WMD was -254.48 (95% CI =-341.66 to 

-167.30; Z=5.72; P,0.00001), indicating that the STN-DBS 

group had larger mean LED reduction between baseline 

and end point than that of the GPi-DBS group. BDI score 

Figure 1 Workflow of literature research.

Table 1 Clinical characteristics of the included patients

Studies Subthalamic nucleus Globus pallidus internus

n Age, 
years

F/M Duration, 
years

n Age, 
years

F/M Duration, 
years

Bai et al23 33 35–74 NA 3–17 8 35–74 NA 3–17
George et al24 11 62.0 (5.7) 2/9 13.3 (5.0) 10 62.8 (8.2) 1/9 15.4 (8.7)
Follett et al25 147 61.9 (8.7) 31/116 NA 152 61.8 (8.7) 19/133 NA
Burchiel et al31 6 62.8 (12) NA 13.6 (5) 4 46.5 (11) NA 10.6 (2)
Anderson et al32 12 61 (9) NA 15.6 (5) 11 54 (12) NA 10.3 (2)
Odekerken et al33 63 60.9 (7.6) 19/44 12.0 (5.3) 65 59.1 (7.8) 21/44 10.8 (4.2)
Rothlind et al34 19 61.4 (10.1) 4/15 12.9 (4.3) 23 60.2 (8.8) 5/18 13.3 (6.4)
Zahodne et al35 20 61.3 (9.0) 6/14 13.6 (3.9) 22 61.3 (5.5) 6/16 12.4 (3.6)
Deep-Brain Stimulation for  
Parkinson’s Disease Study Group36

96 59.0 (9.6) 36/60 5.6 (10.1) 38 55.7 (9.8) 11/27 4.5 (9.8)

Weaver et al37 70 60.7 (8.9) 24/56 11.3 (4.7) 89 60.4 (8.3) 12/77 11.4 (4.9)
Katayama et al38 11 27–27 NA NA 7 27–27 NA NA
Oyama et al39 159 61.4 (9.0) 29/130 11.5 (9.2) 43 61.9 (6.9) 18/25 15.5 (8.0)
Rocchi et al40 15 61.4 (5.5) 4/11 11.9 (4.8) 14 61.1 (8.4) 1/13 12.9 (10.2)

Note: Data presented as range or mean (standard deviation).
Abbreviations: F, female; M, male; NA, not available.
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Table 2 Information about the interventions in the included studies

Studies Method (subthalamic nucleus/ 
globus pallidus internus)

Strategy Duration Outcome

Bai et al23 Bilateral/bilateral Augmentation 12 mo UPDRS III/II, LED
George et al24 Bilateral/bilateral Augmentation 6 mo UPDRS III, LED
Follett et al25 Bilateral/bilateral Augmentation 6, 24 mo UPDRS III/II, LED, BDI
Burchiel et al31 Bilateral/bilateral Augmentation 12 mo UPDRS III, LED
Anderson et al32 Bilateral/bilateral Augmentation 12 mo UPDRS III/II
Odekerken et al33 Bilateral/bilateral Augmentation 12 mo UPDRS III/II, LED
Rothlind et al34 Unilateral/unilateral Augmentation 6 mo LED, BDI
Zahodne et al35 Unilateral/unilateral Augmentation 6 mo UPDRS III, LED, BDI
Deep-Brain Stimulation for  
Parkinson’s Disease Study Group36

Bilateral/bilateral Augmentation 6 mo UPDRS III/II, LED

Weaver et al37 Bilateral/bilateral Augmentation 6, 24, 36 mo UPDRS III/II, LED
Katayama et al38 Mixed/mixed Augmentation 6–8 mo UPDRS III, LED
Oyama et al39 Mixed/mixed Augmentation 12 mo UPDRS III, LED
Rocchi et al40 Bilateral/bilateral Augmentation 6 mo UPDRS III, LED

Abbreviations: BDI, Beck Depression Inventory; LED, levodopa-equivalent dosage; mo, month(s); UPDRS, Unified Parkinson’s Disease Rating Scale Section.

at the end point was available for three studies (Figure 5B). 

The pooled WMD was 2.29 (95% CI =0.83 to 3.75; Z=3.08; 

P=0.002), indicating that GPi-DBS yielded a greater reduc-

tion over STN-DBS in the BDI score 6–12 months after 

surgery.

Discussion
This meta-analysis included 13 controlled clinical trials to 

compare the efficacy of STN-DBS (661 patients) with GPi-

DBS (487 patients) in the treatment of advanced PD. We 

found that during the off-medication state, the STN-DBS 

had nonsignificantly and significantly better efficacy over 

GPi-DBS in improving the motor function (UPDRS III 

score: WMD =-2.18; 95% CI =-5.11 to 0.74) and activi-

ties of daily living (UPDRS II score: WMD =-1.96; 95% 

CI =-3.84 to -0.08) for PD patients, respectively; but during 

the on-medication state, GPi-DBS had nonsignificantly and 

significantly better efficacy over STN-DBS in improving 

the motor function (UPDRS III score: WMD =0.15; 95% 

CI =-1.14 to 1.44) and activities of daily living (UPDRS II 

score: WMD =1.01; 95% CI =0.12–1.89) for PD patients, 

respectively. Meanwhile, we found that STN-DBS could 

reduce the postoperative medication levels to significantly 

lower than that achieved with GPi-DBS (WMD =-254.48; 

95% CI =-341.66 to -167.30), but GPi-DBS showed a sig-

nificantly greater reduction in depression score (WMD =2.29; 

95% CI =0.83–3.75). However, these conclusions should 

be interpreted with caution owing to the limited number of 

PD patients.

PD has many symptoms, including the classic parkinso-

nian triad, other motor signs associated with nondopamin-

ergic transmission, and nonmotor symptoms.41 The motor 

function control is the main goal of PD treatment. A previous 

meta-analysis found that both STN-DBS and GPi-DBS could 

improve motor function.42 Another meta-analysis that only 

included five studies reported a similar efficacy of STN-DBS 

and GPi-DBS.22 However, our meta-analysis found that 

compared to GPi-DBS, STN-DBS was associated with a 

better improvement in off-medication state motor symptoms 

and activities of daily living. But compared to STN-DBS, 

GPi-DBS was associated with a better improvement in on-

medication state motor symptoms and activities of daily 

living. Our results were consistent with the previous study 

by Odekerken et al,33 in which a relative large number of PD 

patients was recruited.

The surgery was considered successful if the postopera-

tive medication level was significantly reduced. Here, we 

found that LED after DBS decreased significantly more in 

patients receiving STN-DBS than in those receiving GPi-

DBS on average. The previous meta-analysis also reported 

similar results.22 This difference might be an important 

consideration for patients who experienced adverse effects 

of medications.42 But one thing should be noted. Previous 

studies also reported that the reduced medication level made 

patients suffer more complications41 or made some symp-

toms, such as dyskinesias or tremors, more apparent.43–45 

Therefore, whether the medication level decrease following 

DBS resulted from its therapeutic efficacy still remains to be 

analyzed. In clinical practice, the clinicians should reduce 

the medication level carefully.

Nonmotor symptoms, such as depression, cognitive 

impairment, psychological functioning, and anxiety, could 

even predate motor symptoms of PD.46 These symptoms 

often influenced the patients’ QoL, even more than the 

motor dysfunction sometimes.47 Among them, the most 

important determinant of QoL was depression, which was 

reported by 35% of PD patients.48 Therefore, it was impor-

tant to consider these symptoms during motor symptoms 
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treatment. Recently, DBS has been viewed as an effective 

treatment for depression.49 A study found that both unilat-

eral STN-DBS and GPi-DBS could improve the QoL of PD 

patients.35 But, a clinical trial reported that the mood function 

of PD patients (based on BDI score) was not significantly 

improved after STN-DBS.50 Meanwhile, another study even 

found that the level of depression of PD patients worsened 

after STN-DBS, but showed slight improvement after GPi-

DBS.25 In this work, we found that GPi-DBS might be more 

beneficial in treating depression than STN-DBS. Therefore, 

GPi-DBS might be more applicable in treating PD patients 

with depression.

There were several potential limitations. First, the 

included number of PD patients was relatively small. Second, 

only the short-term efficacy of DBS in treating PD was 

assessed; so, whether our conclusion was appropriate for 

long-term treatment was unclear. Third, only one study was 

from the People’s Republic of China,23 which might create 

bias. Fourth, one study contained smaller number of patients 

than the other studies,31 which might also create bias.

Conclusion
This meta-analysis indicated that during the off-medication 

state, STN-DBS might be superior to GPi-DBS in improv-

ing the motor function and activities of daily living for PD 

patients; but during the on-medication state, the opposite 

result was observed. Meanwhile, LED after DBS was much 

lower in the STN-DBS group than in the GPi-DBS group, 

but GPi-DBS showed a significantly greater reduction in 

BDI score.
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