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weight gain in dystonia patients (STN vs. GPi, +7.99 kg, p = 
0.012).  Conclusions:  Our results support previous reports of 
weight gain after DBS in PD. This is the first report to suggest 
a target-specific increase in weight following STN DBS in dys-
tonia patients.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Deep brain stimulation (DBS) is used to treat a variety 
of movement disorders, including Parkinson’s disease 
(PD), dystonia  [1–3] , and essential tremor  [4–6] . PD pa-
tients typically have progressive weight loss  [7, 8]  that is 
thought to be associated with elevated daily energy ex-
penditure (EE). Interestingly, after bilateral  [9–12]  and 
even unilateral  [13, 14]  subthalamic nucleus (STN) DBS, 
PD patients have been reported to typically gain weight. 
PD patients treated with STN DBS have body mass indi-
ces (BMI; weight in kilograms divided by height in square 
meters) that eventually approach those of age-matched 
healthy controls  [15, 16] .

  Recent studies describing weight gain after DBS in PD 
have focused on STN as the brain target  [9–13, 16] . Previ-
ous studies looking at pallidotomy  [17–19]  and pallidal 

 Key Words 

 Deep brain stimulation  �  Parkinson’s disease  �  
Dystonia  �  Subthalamic nucleus  �  Globus pallidus 
internus  �  Weight change 

 Abstract 

  Background:  Weight gain has been described in Parkinson’s 
disease (PD) patients after subthalamic nucleus (STN) deep 
brain stimulation (DBS).  Objectives:  We examined change in 
weight following DBS in both PD and dystonia patients to 
further investigate the role of disease and brain target (STN 
or globus pallidus internus, GPi) specificity.  Methods:  Data 
was retrospectively collected on 61 PD DBS patients (STN
n = 31 or GPi n = 30) and on 36 dystonia DBS patients (STN
n = 9 and GPi n = 27) before and after surgery. Annual change 
in body mass index (BMI) was evaluated with nonparametric 
tests between groups and multiple quantile regression.  Re-

sults:  PD patients treated with STN DBS had a small increase 
in median BMI while those with GPi had a small decrease in 
BMI. Dystonia patients treated with STN DBS had a greater 
increase in BMI per year compared to those treated with GPi 
DBS. Multivariable regression analyses for each disease 
showed little difference between targets in weight gain in 
those with PD, but STN target was strongly associated with 
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DBS  [20]  have shown less pronounced weight gain in 
comparison to the STN DBS studies. A few studies have 
directly compared weight changes in PD patients treated 
with STN or globus pallidus internus (GPi) DBS  [20–22] . 
All of these studies were nonrandomized in target selec-
tion except one unilateral treatment study  [22] , which did 
not find a statistically significant difference in weight be-
tween the two target groups. The current study is the first 
to examine the differential effects of DBS target on weight 
gain in PD patients randomized to receive either bilateral 
STN or GPi DBS to further test the hypothesis of weight 
gain after DBS being due to a correction of an underlying 
alteration in EE specific to PD. Unique to this study, we 
also evaluated weight gain in a group of dystonia patients 
receiving STN or GPi DBS, whose disease course is not 
typically associated with progressive weight loss.

  Methods 

 Study Population 
 PD patients who met standard criteria for DBS surgery were 

randomized to receive either STN or GPi DBS  [23] . Dystonia pa-
tients were not randomized to target and included patients en-
rolled in a recent trial evaluating the use of STN DBS in dystonia 
 [24]  and additional dystonia patients who received GPi DBS at our 
center. Institutional Review Board approval was obtained both 
from the University of California San Francisco (UCSF) Commit-
tee on Human Research and the San Francisco Veterans’ Affairs 
Medical Center (Institutional Review Board No. 10-03456). Pa-
tients were included as subjects if they underwent either subtha-
lamic or pallidal DBS at the UCSF or the San Francisco Veterans’ 
Affairs Medical Center for PD or primary dystonia, had presurgi-
cal height and weight measurements, had a postsurgical height 
and weight measurement at least 12 months after surgery, and 
were over 18 years of age. Patients were excluded if their stimula-
tors were turned off for a period of more than 3 months at any 
time during the follow-up. Between the two time points used in 
this study, no patients were counseled or treated with specific di-
etary interventions outside normal care that may have been pro-
vided by their primary care physicians.

  Data Collection 
 Data was collected retrospectively through chart review and 

stored on a secure server. In addition to the indication for DBS and 
the brain target, data for the following variables were collected at 
both the presurgical and postsurgical time points: preoperative 
weight (kilograms), preoperative height (centimeters), antiparkin-
sonian medications in PD patients (expressed in levo dopa equiva-
lent daily dose), age at surgery, sex, percent change in Burke-Fahn-
Marsden Dystonia Rating Scale (BFM-DRS) scores in the dystonia 
patients, and amount of time between preoperative and postop-
erative time points (months). Medication usage in our dystonia 
population was not available postoperatively; thus, we could not 
include this as a covariate in our model. PD rating scales were not 
available at the time points when weight was collected either.

  Statistical Methods 
 Baseline demographic and clinical characteristics were com-

pared by target for each disease using the Wilcoxon rank sum test 
for continuous variables and Fisher’s exact test for categorical 
variables. Within-group tests of annual change in BMI were con-
ducted using the Wilcoxon signed-rank test, and annual changes 
in BMI were compared between targets for each disease using the 
Wilcoxon rank sum test. For this part of the analysis, the yearly 
rate of weight gain was assumed to be constant despite differenc-
es in time to follow-up between the dystonia target groups.

  We used multivariable quantile regression analyses to esti-
mate the association of disease (PD vs. dystonia) and target (GPi 
vs. STN) with total change in weight, while controlling for poten-
tially confounding factors, such as the amount of time between 
data collection points. Covariates in the model included age, gen-
der, baseline BMI, time between pre- and postoperative weights, 
percent change in BFM-DRS (dystonia only) and levodopa equiv-
alent daily dose (in PD only). Tests of the residuals found viola-
tions of normality and heteroscedasticity; therefore, we used 
quantile regression analyses to estimate the differences in weight 
change between disease and target  [25] . All analyses were con-
ducted using Stata version 11 (Stata Corp., College Station, Tex., 
USA).

  Results  

 Subjects 
 The study included 61 patients with PD and 35 with 

dystonia, whose baseline characteristics are presented in 
 table 1 . Among participants with PD, 30 had GPi and 31 
had STN DBS, with a majority of PD participants being 
male (48 M/13 F). The PD patients’ average age was 61 
years, and a follow-up weight obtained at an average of 38 
months. Although PD subjects with GPi were heavier 
than those with STN on average (84 vs. 74 kg, p = 0.0078), 
their baseline BMIs were only slightly higher (27 vs. 25,
p = 0.21) compared to those treated with STN, due to dif-
ferences in height (1.77 vs. 1.71 m, p = 0.06).

  Among dystonia patients, 27 had GPi and 9 had STN 
DBS implants, with similar proportions of males and fe-
males (18 M/18 F). Those treated with GPi DBS were 
slightly younger on average (45 vs. 48 years, p = 0.68) and 
had a somewhat lower weight (72 vs. 84 kg, p = 0.065) and 
BMI (24 vs. 28, p = 0.065) compared to those with STN 
DBS, though none of these differences were statistically 
significant. In dystonia patients, the amount of time be-
tween the baseline and collection of postoperative data 
points was longer in the GPi DBS group than in the STN 
DBS group (27 vs. 18 months, p = 0.023). 

  The distribution of annual change in BMI is presented 
in  figure 1 . The difference between targets in annual 
change in BMI was much larger for the dystonia patients 
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than for the PD patients (target-by-disease interaction,
p = 0.012). Therefore, we stratified our analyses by disease 
and compared the two brain targets in both PD and dys-
tonia separately ( tables 2 ,  3 ). 

  Among those with PD, there was a nonstatistically sig-
nificant difference in median annual change in weight 
(0.93 kg/year, p = 0.071) but a statistically significant dif-
ference in change in BMI (0.53 points/year, p = 0.037) by 
target. Those treated with GPi DBS had a small, nonsta-
tistically significant decrease in weight (–0.04 kg/year, 
0%/year, p = 0.59) and BMI (–0.14 points/year, p = 0.32), 
while those treated with STN had a trend towards an in-
crease in weight (+0.89 kg/year, 1%/year, p = 0.079) and 
BMI (+0.39 points/year, p = 0.055). Dystonia patients 
treated with STN DBS had a greater increase in weight 
(6.10 kg/year, 7%/year, p = 0.028) and BMI (1.81 points/
year, p = 0.021), while those treated with GPi DBS showed 
only a small increase in weight (0.40 kg/year, 1%/year,
p = 0.68) and BMI (0.14 points/year, p = 0.56) with a sta-
tistically significant difference in median weight gain 
(median 5.70 kg/year, p = 0.027) and BMI increase (1.67 
points/year, p = 0.020) found between the two targets. Of 
the GPi DBS dystonia patients, 16 had an increase in BMI 
(range: 0.01–3.82 points/year) while 11 had a decrease in 
BMI (range: –0.04 to –1.47 points/year). In the dystonia 
patients with STN DBS, 7 had an increase in BMI (range: 
1.09–7.53 points/year) and only 2 saw a decrease in BMI 
(range: –0.085 to –0.93 points/year). In the dystonia pa-
tients who received GPi DBS, 71% of those with general-

ized dystonia gained weight, while 15% of those with fo-
cal or segmental (craniocervical) dystonia gained weight. 
In dystonia patients with STN DBS, 100% of the general-
ized dystonia patients gained weight while 71% of the seg-
mental (craniocervical) patients gained weight.

Table 1.  Baseline characteristics of subjects

Parameter PD Dystonia

GPi STN p value GPi STN p value

Subjects 30 31 27 9
Gender  

Female 4 (13) 9 (29) 0.21 13 (48) 5 (56) >0.99
Male 26 (87) 22 (71) 14 (52) 4 (44)

Age, years 60.587.8 61.589.5 0.69 44.6815.4 48.3813.2 0.77
Months at postoperative weight 37.5815.5 38.3814.7 0.83 27.189.6 18.489.2 0.023
Baseline weight, kg 83.8814.7 74.0813.2 0.0078 72.3820.2 83.5816.1 0.065
Baseline BMI 26.884.7 24.883.7 0.21 24.185.0 27.884.8 0.065
Change in LEDD –4528812 –3928580 0.36 – – –
Improvement in BFM-DRS subcategory Movement

Mean – – – 13.9812.6 8.11811.6 0.18
Percent – – – 47.24834.7 45.51857.7 0.67

Dat a are summarized as numbers with percentages in parentheses or means 8 SD. p values from Wilcoxon rank sum test for con-
tinuous parameters, and from Fisher’s exact test for categorical parameters. LEDD = Levodopa equivalent daily dose.
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  Fig. 1.  Annual change in BMI after DBS surgery, stratified by dis-
ease and surgical target. Disease-specific differences in median 
annual BMI change between targets were evaluated with the Wil-
coxon rank sum test ( *  p = 0.037,  *  *  p = 0.020). The median is in-
dicated by the black center line, and the interquartile ranges (first 
and third quartiles) are the edges of the box. Whiskers denote 1.5 
times the interquartile range from the nearest quartile.   
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  Multivariable median regression analyses, stratified 
by disease, were performed to control for potentially con-
founding factors ( table 4 ). Among those with PD, baseline 
BMI was negatively associated with annual change in 
BMI (–0.78 kg per baseline BMI per year, p = 0.009), dem-
onstrating that those with lower BMI at baseline were 
more likely to gain weight after surgery. There were no 
significant associations with other factors in the model 
(age, time to follow-up, gender, or change in levodopa 
equivalent daily dose; p = 0.99) in PD patients. The STN 
target was associated with slightly greater weight gain 
compared with the GPi target, although the difference 
between targets did not reach statistical significance 
(+3.09 kg, p = 0.26). In the patients with dystonia, those 
treated with STN DBS gained a median of 7.99 kg more 
than those treated with GPi DBS (95% CI: 1.87–14.11, p = 
0.012). Baseline BMI in dystonia showed a trend toward a 
negative association with weight gain (–0.39 kg per pre-
operative BMI point, p = 0.15), but the effect size was 
small and the association did not reach statistical signifi-
cance. Dystonia patients also showed a trend toward 
more weight gain in women (2.03 kg more than men, p = 
0.38). Percent improvement in BFM-DRS showed a trend 
toward having a small positive relationship with annual 
change in BMI (0.034 kg per 1% improvement, 95% CI: 
–0.025 to 0.094, p = 0.25). Even with a reasonable clinical 
improvement of 50% in BFM-DRS after DBS, this would 
only give an effect size of 1.7 kg, which is still overshad-
owed by the effect size of target. 

  Discussion 

 This is the first study to look at change in weight fol-
lowing treatment with two different DBS targets (STN 
and GPi) and in two different patient populations (PD 

and dystonia). While previous studies have described 
weight change following DBS for PD, no previous studies 
have evaluated weight change in dystonia patients with 
DBS as a separate group.

  Weight Gain in PD 
 In this study, as has been shown previously, PD pa-

tients receiving bilateral DBS (regardless of target) showed 
a significant increase in BMI per year after surgery. The 
relative change in BMI was not as great as reported in 
other studies  [9, 10, 13, 16, 21]  with the exception of that 
of Strowd et al.  [26]  which showed a similar modest 
weight gain. When weight change was compared between 
STN and GPi patients in another prospective study, there 
was weight gain seen in both groups (mean of 5.7 kg in 6 
months in the STN group and a mean of 1.7 kg in 6 
months in the GPi group  [21] ), which was almost 10-fold 
of that seen in our study when these values are converted 

Table 2.  Median change in weight (kg) per year in DBS patients after surgery

Disease Target Median change in weight Difference between targets in
median annual weight change

Total weight
gain >10 kg

PD GPi –0.045 [–1.17, 0.78] (0.59)1 0.93 (0.071)2 1 (3%)
STN 0.89 [–0.47, 1.70] (0.079) 1 6 (19%)

Dystonia GPi 0.40 [–1.31, 1.09] (0.68) 1 5.70 (0.027)2 2 (7%)
STN 6.10 [–2.02, 11.44] (0.028) 1 4 (44%)

F igures in square brackets indicate 95% confidence limits, those in parentheses p values. 
1 p value from Wilcoxon signed-rank test.
2 p value from rank sum test.

Table 3.  Median change in BMI per year in DBS patients after 
surgery

Disease Target Median change in BMI Difference between 
targets in median 
annual BMI 
change

PD GPi –0.14 [–0.53, 0.21] (0.32)1 0.53 (0.037)2

STN 0.39 [–0.18, 0.64] (0.055)1

Dystonia GPi 0.14 [–0.38, 0.42] (0.56)1 1.67 (0.020)2

STN 1.81 [–0.69, 4.39] (0.021)1

F igures in square brackets indicate 95% confidence limits, 
those in parentheses p values. 

1 p value from Wilcoxon signed-rank test.
2 p value from rank sum test.
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to annual weight change. However, this group reported 
weight gain  1 10 kg in 4 of 32 (12.5%) STN patients and 1 
of 14 (7%) GPi patients, which was similar to the 5 of 31 
(19%) and 1 of 30 (3.3%) in our STN and GPi patients, re-
spectively. In another study which reported weight gain 
in both targets 1 year after surgery, there was a weight 
gain of  1 10 kg in 6 out of 16 (38%) STN patients and 3 of 
11 (27%) GPi patients  [20] . In comparison to the studies 
with more weight gain, our sample of PD patients ap-
peared to have a greater proportion of males and a slight-
ly higher baseline weight.

  Weight Gain in PD (STN vs. GPi) 
 Interestingly, even though PD patients receiving STN 

DBS had a higher median weight gain compared to those 
treated with GPi DBS, the effect of target did not meet 
statistical significance using a multivariable regression 
analysis when baseline BMI was considered as a predictor 
of weight gain. The weak effect of brain target on the de-
gree of weight gain in PD patients was also found in a 
similar study when PD patients were randomized to re-
ceive unilateral DBS in either target (GPi or STN) and 
showed no difference in weight gain between the two 
brain targets  [22] . This finding conflicts with the study 
by Sauleau et al.  [21] , where PD patients were not random-
ized to DBS target but were preferentially treated with 
GPi DBS rather than STN DBS if ‘cognitive impairment’ 
was present. They found a statistically significant weight 
gain (mean of 5.7 kg in 6 months, p  !  0.0001) in the bi-
lateral STN group, while there was a nonstatistically sig-
nificant trend toward mild weight gain (mean of 1.7 kg in 
6 months, p = 0.384) in the bilateral GPi group  [21] . As 
mentioned previously, the study of Volkmann et al.  [20]  
reported a difference in the number of patients in each 

target group who gained  1 10 kg that was similar to that 
seen in our study as well as the study by Sauleau et al.  [21] . 
Considering the number of patients with a large amount 
of weight gain in each group leads us to conclude that de-
spite the lower median amount of weight gain seen in our 
study population, the target-specific weight gain after 
DBS for PD is similar to that which has been reported by 
other authors.

  Multivariable quantile regression analysis in PD pa-
tients revealed trends toward a moderate effect of target 
and an even smaller effect of sex on the degree of weight 
gain, with the STN target and female sex promoted more 
weight gain. Baseline (pre-DBS) BMI was the only vari-
able to show a statistically significant (but small) effect on 
weight gain in this model. When baseline BMI is removed 
from the regression analysis, the effect of target becomes 
stronger (4.18 kg greater in STN, 95% CI: 0.75–7.62, p = 
0.018), suggesting that this difference might be explained 
by the effect of preoperative BMI. Since our STN and GPi 
DBS PD patients had a similar preoperative BMI, it may 
be that underweight patients receiving STN DBS are 
more likely to gain weight than underweight patients re-
ceiving GPi DBS. Alternatively, the difference between 
targets in median baseline BMI (by 2 points, p = 0.21) 
may have been statistically significant in a larger sample, 
in which case the contribution of the ‘baseline BMI effect’ 
to the ‘target effect’ could be explained by a difference 
between the two target groups in baseline BMI.

  Weight Change in Dystonia 
 Dystonia patients treated with STN DBS also experi-

enced a statistically significant weight gain after DBS 
which was not found in the dystonia patients treated with 
GPi DBS. This target-dependent difference in annual in-

Table 4.  Results of median regression analyses for each disease with total weight change (kg) as the primary outcome

Parameters PD (n = 61) D ystonia (n = 35)

estimate p value estimate p value

Male vs. female –1.35 (–7.40, 4.69) 0.65 –2.03 (–6.72, 2.65) 0.38
Age (per year) –0.103 (–0.40, 0.19) 0.49 –0.011 (–0.20, 0.17) 0.9
Target (STN vs. GPi) 3.09 (–2.25, 8.44 ) 0.26 7.99 (1.87, 14.11) 0.012*
Pre-DBS BMI –0.78 (–1.35, –1.98 ) 0.009* –0.39 (–0.95, 0.16) 0.15
Months between weights –0.002 (–0.19, 0.18) 0.98 0.031 (–0.21, 0.28) 0.8
Change in LEDD (per 100-mg increase) –0.00003 (–0.0038, 0.0037) 0.99 – –
Percent change in BFM-DRS subcategory 

Movement – – 0.034 (–0.025, 0.094) 0.25

Fi gures in parentheses indicate 95% confidence limits. * p < 0.05: statistically significant value.
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crease in BMI was much larger in the dystonia patients 
than in the PD patients, and remained large and statisti-
cally significant even after accounting for variability in 
patient age, gender, percent improvement in BFM-DRS, 
length to follow-up, and baseline BMI between the two 
groups ( table 4 ). Only one other study included dystonia 
patients treated with GPi DBS in their report of weight 
gain after surgery, and while their DBS population as a 
whole gained weight, the number of dystonia patients was 
not large enough to analyze as a separate group  [26] . To 
our knowledge, this study is the first to evaluate weight 
change following both GPi DBS and STN DBS in dysto-
nia. 

  Mechanism for Weight Gain after DBS 
 The mechanism for weight gain seen after DBS is still 

debated  [13, 15, 22] . Most studies have focused on the PD 
population with proposed explanations for this effect af-
ter STN DBS including: decreased dosage of PD medica-
tions, an increase in dietary energy intake, a decrease in 
muscle activity as tremor or muscle rigidity, a decrease in 
dyskinesias  [9] , a central mechanism of alteration in me-
tabolism mitigated by the direct effects of stimulation on 
nearby brain structures  [15, 16, 27] , and/or a decrease in 
energy expenditure related to improvement in motor 
fluctuations  [15] . The latter of these hypotheses has been 
promoted by Montaurier et al.  [15] , where PD patients 
underwent highly controlled calorimetry to measure EE 
before and after STN DBS surgery. Daily EE was signifi-
cantly lower after STN DBS; however, a high preoperative 
UPDRS III score was associated with less change in daily 
EE. The drop in EE following DBS was not found to be 
predictive of postoperative weight gain. There was no 
correlation between weight gain and reduction of PD 
medications or with improvement in UPDRS IV score 
(measures severity of dyskinesias and motor fluctua-
tions). While it has been proposed that an improvement 
in motor symptoms correcting EE  [28]  allows for weight 
gain  [15] , this has not necessarily been shown in the Mon-
taurier study or other studies assessing a correlation be-
tween motor improvement and weight change  [9, 10] . 
This led the authors to conclude that post-DBS weight 
gain may be due to improvement in spontaneous motor 
fluctuations, but that they could not rule out the possibil-
ity of an effect on central regulation of energy expendi-
ture, possibly through stimulation of the nearby thala-
mus. This study only used STN DBS patients, so it is un-
clear whether or not this decrease in EE would also be 
seen in GPi DBS.

  The observation from our study that weight gain 
seems relatively site specific in dystonia supports a hy-
pothesis of a centrally mediated change in energy me-
tabolism as a result of DBS, especially given the similar 
motor outcomes in both targets (47.2 vs. 45.5% improve-
ment in BFM-DRS in GPi and STN, respectively). Be-
cause dystonia patients are not generally known to expe-
rience chronic wasting, the effect of subthalamic stimula-
tion on weight occurs even without the presence of 
chronic weight loss that is typical of PD  [7, 8, 29] . This 
suggests that the effect of STN DBS may be a stimulation-
induced side effect rather than a ‘regression toward the 
mean’ as it is considered in PD. This idea is also support-
ed by a recent study showing a significant change in hy-
pothalamic hormonal function following STN DBS  [27] . 
It is also possible that the weight gain seen in dystonia 
patients may be due to site-specific changes in impulse 
control  [30, 31]  and have an effect on eating habits, al-
though multiple studies have not shown an association 
between increase in energy (dietary) intake and post-DBS 
weight gain in PD  [15, 21] .

  Limitations of the Study 

 Weaknesses of this study include the retrospective 
study design, the lack of randomization of brain target in 
the dystonia population, the relatively small sample size 
of dystonia patients treated with STN DBS, and the lack 
of prospectively collected weights at multiple predefined 
time points. While we do not have other time points to 
evaluate this possibility given the retrospective nature, 
other studies have reported sustained weight gain 
throughout the 1–2 years of prospective follow-up  [9, 13, 
26] , highlighting that changes in weight after DBS are 
typically stable. Also, the mean total change in weight (ir-
respective of time to follow-up) in the GPi dystonia group 
was 0.56 kg while it was 8.62 kg in the STN dystonia 
group, indicating that unless the GPi dystonia patients 
lost weight during their increased length of follow-up, the 
yearly rate likely represents a consistent trend describing 
weight fluctuations in both sets of patients. To further 
address the difference in follow-up time between the GPi 
and STN dystonia groups, the time between pre- and 
postoperative weight recordings was evaluated as an in-
dependent variable in a multivariable quantile regression 
analysis and did not have a significant effect on the 
amount of weight gain in either brain target group ( ta-
ble 4 ). Our dystonia patients were also younger and more 
often female than our PD patients; however, results were 
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similar in unadjusted and adjusted analyses, and there 
was no association of gender or age with weight gain in 
multivariable analysis. Another weakness is the lack of 
information of daily energy intake, which could be al-
tered in either PD or dystonia. Several studies have shown 
no increase in daily energy intake after STN DBS for PD 
 [9, 10, 12, 15, 19] , but there is no data confirming that this 
is also the case in dystonia. 

  Conclusion 

 While the retrospective design and small sample size 
of this study should be taken into consideration when in-
terpreting the study’s findings, the potential for target-
specific effects on weight introduces another important 
variable (along with many other factors) to consider when 
making a decision about the most appropriate DBS brain 
target. PD and dystonia patients should be counseled that 
STN DBS may result in some weight gain after surgery, 
though the impact of this weight gain on overall health is 
unknown in these patients. Future prospective DBS stud-
ies using alternative brain targets for dystonia should in-
clude weight as a variable to better understand the short 
and long-term impact it may have on health. 
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