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Deep Brain Stimulation of Subthalamic Nucleus
Improves Quality of Life in General and Mental
Health Domains in Parkinson’s Disease to the
Level of the General Population
Johannes Kähkölä, BMSc1,3; Jani Katisko, PhD1,2,3; Maija Lahtinen, MD1,2,3
www
ABSTRACT
Objectives: Parkinson’s disease (PD) leads to significant impairment in quality of life (QoL) across various domains. Deep brain
stimulation of the subthalamic nucleus (STN-DBS) is known to improve motor and nonmotor symptoms in PD. The aim was to
study whether STN-DBS could improve the QoL of patients with PD to the level of the general population, and to determine
factors predicting better motor outcomes.

Materials and Methods: The retrospective analysis included 43 patients who underwent either primary or revision STN-DBS.
Patients filled out a general QoL questionnaire (RAND 36-item health survey) before and 12 months after surgery, and scores
were compared with age- and sex-adjusted national population values. In addition, motor scores were calculated using Unified
Parkinson Disease Rating Scale part 3 (UPDRS 3) with the best PD medication. Levodopa equivalent daily dose (LEDD) was also
collected. Changes in the QoL were compared with operation age, disease duration, and preoperative QoL.

Results: Preoperatively, patients had significantly impaired QoL in all subsections compared with that of the general population.
The mean postoperative UPDRS 3 improvement was 50.0%, and reduction in LEDD was 69.0%. Statistically significant QoL
improvements were found in Physical Function, Mental Health, Social Function, Vitality, and Role Physical 12 months post-
operatively compared with baseline. The mean differences compared with a healthy population were not statistically significant in
General Health, Mental Health, Vitality, and Role Emotional. Furthermore, disease duration was found to be negatively correlated
with improvements in UPDRS 3 score, and worse preoperative QoL positively correlated with changes in Physical Function.

Conclusions: Patients experienced significant QoL improvements after STN-DBS. The General Health and Mental Health of
patients were postoperatively most comparable with age- and sex-adjusted population values. Moreover, earlier stimulation
predicted better motor improvements, which emphasizes the importance of earlier timing of STN-DBS surgery and minimizing
loss of function at a critical disease stage.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurogenerative disease
that results in a variety of motor and nonmotor symptoms. These
symptoms are known to cause significant reduction in patients’
quality of life (QoL), especially in physical function and mental health
domains.1 These changes in the QoL can be detected early in the
disease progression, often in the first visit to a neurological center.2

Although the motor symptoms, for example, tremor and rigidity,
may lead to the most visible impairments in PD, the most detri-
mental effect on the QoL may be due to nonmotor symptoms.3,4

Interestingly, depression has been found to be the most
frequently identified determinant of QoL in PD.5 This emphasizes
the widespread impact that PD can have on perceived health, and
the need for holistic treatment approaches.
Deep brain stimulation (DBS) is a well-established treatment for

advanced PD. The subthalamic nucleus (STN) is the most often used
.neuromodulationjournal.org © 2023 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
stimulation target in PD.6 Current literature states that both motor
symptoms and QoL can be improved with STN-DBS, and that it is
superior to medical treatment alone in an advanced disease state.7,8
y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).

Neuromodulation 2023; -: 1–8

Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:maija.lahtinen@fimnet.fi
https://www.elsevier.com/journals/neuromodulation-technology-at-the-neural-interface/1094-7159/guide-for-authors
https://doi.org/10.1016/j.neurom.2023.03.007
http://creativecommons.org/licenses/by/4.0/


KÄHKÖLÄ ET AL

2

Furthermore, STN-DBS is beneficial for early motor complications9

and could reduce the need for medication in the future.10

Factors that predict better improvement in QoL after STN-DBS
remain controversial.11 Some studies have stated that younger
age12 and shorter duration of PD13 could lead to better QoL out-
comes, but others have contradicted these results.14,15 Even the
traditional contraindications, such as cognitive impairment and
psychiatric dysfunction, have been questioned because evidence of
worse postoperative QoL is deficient.11 Worse baseline motor
score14 and QoL15 have been considered to predict greater post-
operative QoL improvement. Interestingly, it was recently proposed
that patients with predominantly left-sided motor symptoms could
experience less beneficial nonmotor outcomes from STN-DBS.16

Various methods have been used to evaluate the QoL of patients
with PD, including generic and PD-targeted measures. Disease-
specific questionnaires include more PD-related content, but
those results are not comparable with the general population. The
use of generic measures, such as the Short-Form Health Survey (SF-
36), have been studied in patients with PD and found to be
generally reliable.17 Moreover, the SF-36 has been found to be
more responsive than are PD-targeted measures.18

The QoL of patients with PD after STN-DBS has been compared
with that of the general population in a previous study.19 The study
indicated that patients with PD had preoperatively significantly
impaired QoL in every subsection studied, and similar results were
seen postoperatively, except for Vitality and Bodily Pain, in which
differences compared with general population values were not
significant. Furthermore, significant postoperative improvement
was seen only in Physical Functioning. General Health of patients
with PD fell significantly short of the control population levels.
In this study, the first aim was to determine QoL of patients with

PD preoperatively and 12 months after STN-DBS using the RAND-36
questionnaire, which has identical questions to those of the SF-36.
The QoL was compared with age- and sex-adjusted control popu-
lation values, with special interest in the subsections of General
Health, Physical Function, and Mental Health, which are the most
relevant domains for PD. We hypothesized that STN-DBS would
significantly increase the QoL of the patients and that the post-
operative QoL of some areas could be similar to that of the general
population. Thus, STN-DBS could normalize QoL of patients with PD
in some aspects. The second aim was to study whether age, disease
duration, or preoperative QoL were correlated with postoperative
changes in motor outcomes or QoL.
MATERIALS AND METHODS

A total of 43 patients with PD who underwent bilateral STN-DBS
were analyzed. Patients were operated on in the neurosurgical unit
of Oulu University Hospital (OUH) from 2016 to 2021. The data
included mainly primary operations, although six were revision
surgeries. The most common reason for revision was lead fracture
(three of six patients). The information on revision surgeries is
provided in Supplementary Data Table S1. STN was used as a target
for all the patients. Inclusion criteria for the operation were idio-
pathic PD diagnosed at least four years previously, medically
refractory motor fluctuations, no substantial decline in cognitive
functions or major psychiatric problems, and a good response to
levodopa test.
The clinical symptoms and QoL were documented preopera-

tively and 12 months postoperatively. Unified Parkinson’s Disease
www.neuromodulationjournal.org © 2023 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
Rating Scale, part 3, motor score (UPDRS 3) was used for clinical
evaluation of motor symptoms during the best medical response.
The daily use of levodopa-including medication was converted20 to
levodopa-equivalent daily dose (LEDD). UPDRS 3 scores were
available only from primary operations, but LEDD scores were
analyzed for both primary surgeries and revisions. All data were
collected retrospectively. The administration of OUH (number: 7/
2013) approved the register study, and the local Ethics Committee
was notified.

RAND-36
QoL was evaluated with the general QoL questionnaire RAND-36

1.0 (RAND Corporation), which is a widely used profile-based
questionnaire that comprises eight different subsections address-
ing General Health, Physical Function, Mental Health, Social Func-
tion, Vitality, Bodily Pain, physical role functioning (Role Physical),
and emotional role functioning (Role Emotional). The subsections
received scores ranging from 0 to 100, with higher scores indi-
cating better function. RAND-36 has identical questions to those of
the SF-36, which is the most widely used health-related QoL
measure. There are minor variations in the scoring of two sub-
segments (Bodily Pain and General Health) between the ques-
tionnaires. However, the correlation with both subsegments in
RAND-36 and SF-36 is 0.99.21

For this study, general QoL meter was chosen to compare
patients with age- and sex-adjusted population values. Therefore,
PD specific questionnaires such as the Parkinson’s Disease Ques-
tionnaire-39 (PDQ-39) were inadequate.

Pre- and postoperative RAND-36 scores of the patients with PD
were compared with the sex- and age-adjusted values based on
the Finnish population. Five-year age group values were used. For
those patients whose relative population values changed in the 12-
month follow-up (eg, shift from 55–59 to 60–64 years age group),
the new values were used in the postoperative analysis.

Surgery
Bilateral DBS surgery was performed in all patients. Before the

operation, the target nucleus was segmented manually from 3T-
magnetic resonance imaging (MRI) scans. The surgery was per-
formed in two phases. In the first phase, electrodes were implanted
under local anesthesia using a stereotactic frame (Leksell G-frame
or Vantage, Elekta, Stockholm, Sweden). Intraoperative stereotactic
head computed tomography (CT) scans (Toshiba Aquilion One
Vision Edition CT-scanner, Canon Medical Systems, Otawara,
Tochigi, Japan) were performed using a CT coordination indicator
box (Leksell, Elekta). Images were then fused with preoperative 3T-
MRI scans. During surgery, microelectrode recording was used to
verify the borders of the STN, and test stimulation was performed
to evaluate motor improvements and side-effect thresholds. Per-
manent leads (Model 3389, Medtronic, Minneapolis, MN or Vercise
Cartesia, Boston Scientific, Marlborough, MA) were placed. CT scan
and fluoroscopic imaging were performed to confirm lead loca-
tions. During the second phase, double extension wires (Model
37086–40 cm, Medtronic; 55 cm, Boston Scientific) and pulse
generator (Activa RC/PC, Medtronic; Vercise Gevia, Boston Scienti-
fic) were placed under general anesthesia. The surgical technique
has been described in depth in our previous publication.22

Follow-up visits were arranged one, three, six, and 12 months
postoperatively to adjust stimulation parameters and anti-
parkinsonian medication, if needed. Postoperative stereotactic
head CT scan was performed during the one-month follow-up visit.
y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).
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Table 1. Demographic Data of the Patients.

Variable Value Minimum Maximum

Number of patients 43
Sex, female:male 8:35
Mean age, y 62.0 (SD = 5.5) 46 70
Surgery, primary:revision 37:6
Mean disease duration before operation, y 11.4 (SD = 5.1) 4 26
Preoperative LEDD, mg 948 (SD = 381) 200 1895
Postoperative LEDD, mg 298 (SD = 227) 0 798
Preoperative UPDRS 3 36.2 (SD = 12.7) 10 64
Postoperative UPDRS 3 15.6 (SD = 6.9) 6 37

STN-DBS IMPROVES QOL
Statistical Methods
Statistical analysis was performed using SPSS (version 27.0, IBM,

New York, NY) and Excel 2016 (Microsoft, Redmond, WA). R Foun-
dation for Statistical Computing (version 4.2, Vienna, Austria) was
also used for data visualization. Data analysis was performed on a
per-patient basis to compare the QoL pre- and postoperatively but
also with the adjusted population values. Mean differences, SDs,
95% CIs, and two-tailed p values of the differences were calculated
using the paired samples t-test. p Value corrections for multiple
comparisons of pre- with postoperative change were performed for
RAND-36, and for comparison with population values individually
using Benjamini-Hochberg procedure with a false discovery rate of
0.05.23 p Value corrections are presented in Supplementary Data
Table S2.
Pre- and postoperative differences were also compared with

minimal clinically important differences (MCID), a threshold value of
change in QoL score thought to have clinical importance. Specific
MCID value for RAND-36 was found to be 3 to 5.24 Changes < 3 were
considered clinically unimportant differences, whereas changes ≥ 5
were considered clearly clinically important differences.
Spearman correlation analysis was performed to calculate cor-

relation coefficients (r) between operation age, disease duration,
changes in Physical Function, and changes in UPDRS 3 score.
UPDRS 3 analysis included only primary operations because scores
Figure 1. The mean improvements and 95% CIs of RAND-36 subsections 12 month
were achieved in Physical Function, Mental Health, Social Function, Vitality, and Rol

www.neuromodulationjournal.org © 2023 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
were not available for revision surgeries. Correlation analysis was
also performed between preoperative QoL and changes in QoL.
RESULTS

A total of 43 patients with PD were analyzed. There were 35
male and eight female patients. The mean patient age was 62.0
years, and the mean duration of PD was 11.4 years. Preoperatively,
88.4% of the patients answered the QoL questionnaire, whereas
postoperatively, 86.0% of the patients answered. In total, 74.4% of
the patients answered both pre- and postoperative questionnaires.
The mean UPDRS 3 improvement was 50.0%, and the mean
reduction in LEDD was 69.0%. Nine of the 43 patients were
completely without levodopa medication 12 months after the
surgery. Demographic data and clinical results are shown in
Table 1.

Patients’ QoL was improved 12 months after the operation.
Statistically significant improvements were found in Physical
Function, Mental Health, Social Function, Vitality, and Role Physical.
The mean differences were equal to or larger than RAND-36 spe-
cific MCID (≥ 5) in every subsection. Overall, QoL improvements
were equal to or larger than MCID for 50.0% of patients in General
Health, 56.2% of patients in Physical Function, and 59.4% of
s postoperatively compared with baseline. Statistically significant improvements
e Physical domains.

y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).
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Figure 2. QoL of patients with STN-DBS compared with that of general population. The mean values (horizontal line) for preoperative, postoperative, and population
QoL scores are presented for each RAND-36 subsection. The mean differences between preoperative values and general population values were statistically sig-
nificant in all subsections, whereas postoperative values and the general population values were not statistically significant in General Health, Mental Health, Vitality,
and Role Emotional subsections.
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patients in Mental Health. The postoperative improvements are
presented in Figure 1.
Preoperatively, patients had significantly lower mean QoL scores

in all subsections than the adjusted general population values.
Differences in Physical Function, Social Function, and Role Physical
Table 2. Pre- and Postoperative Quality of Life Scores.

RAND-36 subsections Pre-DBS Post-DBS Mean
difference

Mean (SD) Mean (SD)

General Health 43.0 (15.4) 49.0 (19.2) 6.0
Physical Function 52.8 (25.5) 63.8 (26.2) 11.0
Mental Health 66.2 (19.2) 73.9 (18.9) 7.7
Social Function 53.1 (24.4) 68.4 (26.2) 15.2
Vitality 51.6 (20.3) 60.1 (17.7) 8.5
Bodily Pain 51.0 (27.8) 59.6 (30.5) 8.5
Role Physical 14.2 (21.5) 37.5 (38.1) 23.3
Role Emotional 43.3 (39.3) 58.9 (42.6) 15.6

*CI of the difference.
**Postoperative (12 months) p value between before and after DBS operation (p
***Percentage of patients with change equal to or larger than MCID (5).
ⵜStatistically significant after controlling for multiple comparisons (Benjamini-Ho

www.neuromodulationjournal.org © 2023 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
were especially substantial. p Values were significant for all sub-
sections analyzed. Preoperatively, only a minority of the patients
had a QoL score that was comparable with that of the general
population, meaning that the difference was smaller than MCID (<
3), or patient QoL was better than QoL in the general population
95% CI* Significance
(2-tailed) p value**

Change ≥

MCID*** (%)
Lower Upper

−1.6 13.5 0.116 50.0
2.4 19.6 0.014ⵜ 56.2
1.8 13.6 0.012ⵜ 59.4
6.0 24.4 0.002ⵜ 56.2
1.3 15.6 0.022ⵜ 56.2

−1.2 18.4 0.083 56.2
6.2 40.5 0.009ⵜ 53.3

−1.0 32.1 0.065 50.0

aired samples t-test).

chberg procedure).

y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).
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(28.9% in General Health, 23.7% in Physical Function, and 42.1% in
Mental Health) (Fig. 2).

Although patients with PD experienced significant QoL
improvements after the surgery, there were still differences to the
adjusted general population values. However, the mean differences
to the general population were not statistically significant in Gen-
eral Health, Mental Health, Vitality, and Role Emotional (Fig. 2).
Notably, 51.4% of patients had a postoperative General Health
score that was comparable with that of the general population.
Similar results were found for 51.4% and 64.9% of patients in
Physical Function and Mental Health subsections, respectively. The
QoL scores are presented in Tables 2 and 3.

Factors Associated With QoL Improvement
The impact of disease duration, operation age, and baseline QoL

were studied using Spearman correlation coefficient (r). Disease
duration was negatively correlated with the improvement in UPDRS
3 score (r = −0.48, p = 0.004), but no statistical significance was
achieved with the improvements in Physical Function (r = −0.33,
p = 0.068). These results indicate that patients with longer disease
duration experience less motor benefit from DBS. Statistically sig-
nificant correlation was not found between operation age and
UPDRS 3 (r = −0.11, p = 0.558) or Physical Function (r = −0.28,
p = 0.124), which would conversely suggest motor outcome was
not associated with patient age. There were no similar correlations
when analyzing changes in General Health and Mental Health
(Fig. 3).

In analyzed subsections, the lower preoperative QoL was asso-
ciated with greater improvements in the domains of General Health
(r = −0.42, p = 0.016), Physical Function (r = −0.41, p = 0.021), and
Mental Health (r = −0.44, p = 0.012).

DISCUSSION

These results indicate that the QoL of patients receiving STN-DBS
can become closer to the general population in many domains, and
the differences between postoperative and population values were
not statistically significant for General Health and Mental Health 12
months after surgery. For over half of patients, postoperative QoL
was comparable with that of the general population at least in
General Health, Mental Health, and Physical Function subsections.
We also showed that STN-DBS improves the QoL not only in motor
but in nonmotor subsections, which have a major impact on total
QoL. Moreover, PD duration was found to be negatively correlated
with motor improvements, which emphasizes the importance of
earlier timing of STN-DBS surgery.

This study underlines the variety of motor and nonmotor
symptoms in PD and ways they affect QoL. Patients had preoper-
atively substantially lower QoL in various domains, which is
concordant with previous studies.3,4,19 Moreover, it was indicated
that STN-DBS can improve the QoL in most subsections compared
with the preoperative state with the best medical treatment
already in use.

Earlier timing of STN-DBS surgery appears to be beneficial. In this
study, disease duration was an even more important factor than
age at the time of operation for predicting motor improvement.
Previous studies have stated that older patients, especially with
shorter disease duration, can benefit from STN-DBS.25 The literature
on the risk of complications with older patients is controversial26

because there is also some evidence of complication rates with
y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).
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Figure 3. Physical function and UPDRS 3 score improvements compared with disease duration. Improvement in UPDRS 3 score was negatively correlated with
disease duration (r = −0.48, p = 0.004) (panel a), but no statistical significance was achieved between the improvements in Physical Function and disease duration
(r = −0.33, p = 0.068) (panel b). This implies that patients with longer disease duration experience less benefit. However, correlation was not found between operation
age and UPDRS 3 (r = −0.11, p = 0.558) (panel c) or Physical Function (r = −0.28, p = 0.124) (panel d).

KÄHKÖLÄ ET AL

6

older patients being similar to those of younger patients.27 Our
results suggest that besides patient age, disease duration should be
regarded in the patient selection for STN-DBS in the future.
Importantly, this study followed the inclusion criteria of age < 70
years and disease duration ≥ four years, and therefore, these results
should be interpreted with caution for patients outside these
criteria.
The QoL of patients with PD may be impaired owing to a

variety of reasons, some of which cannot be improved with
DBS. Comorbidities, such as musculoskeletal disorders, are likely
to persist after the surgery. Psychosocial environment and pre-
vious decline in motor skills may also affect the QoL. These
impaired functions may be the reason for modest improvements
in, for example, Bodily Pain. Furthermore, it is unlikely that QoL
comparable with that of the general population can be
www.neuromodulationjournal.org © 2023 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
achieved in all domains for patients with the most advanced
disease states because they might have already developed these
comorbidities.

Although the QoL of patients was significantly increased 12
months after the surgery, it remains unclear how long these ben-
efits will last. In the previous studies, the QoL was improved after
STN-DBS, but in three-year follow-up scores approached baseline in
many domains, however motor improvements were sustained28

and motor benefits seem to last for up to ten years.29 The loss of
benefits from STN-DBS is a consequence of the progressive nature
of PD, but some of this effect might be preventable with, for
example, stimulation adjustments.

Patients with longer disease duration were found to have worse
motor improvements, and in some cases, QoL was decreased.
These results differ from those of a previous study.15 However, the
y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).
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study comprised younger patients in early disease stage. Com-
parison, therefore, between different disease durations may not be
possible. Notably, impaired baseline QoL predicted greater QoL
improvements in both studies.
Further evidence on factors predicting stimulation outcome is

still needed. The aim should be to identify patients who will
experience the greatest benefits from stimulation, and then treat
these patients early in their disease progression. However, these
results suggest earlier stimulation to be independently predictive
of better treatment results. Furthermore, if the QoL after sub-
thalamic stimulation can be comparable with that of the general
population, even in some domains, DBS could reduce loss of
function for many patients in a critical stage of disease progression.
Limitations
The limitations of this study include the use of a generic QoL

questionnaire and the known shortcomings of self-assessed health
scores. The questionnaire used in this study has been found to be
reliable in PD,17 and it was chosen to allow comparison with the age-
and sex-adjusted general population. However, PD-targeted mea-
sures could be more sensitive to changes in specific symptoms of
PD. It is well known that in QoL questionnaires, patients may over-
estimate improvements in their health owing to the poor QoL that
some patients experience before the operation. Conversely, some
patients may have unrealistic expectations regarding the neurosur-
gical operation and thus be disappointed with the results. The data
set was not exclusive to the primary DBS because it also included
revision surgeries. Moreover, this study did not include patients aged
> 70 years because of common exclusion criteria. Evidence of
operation age is thereby limited. It should also be noted that
although lower preoperative QoL was correlated with better
improvements in QoL, there may be a ceiling effect in the higher
QoL scores. Further studies could be conducted using the PD-
specific questionnaire PDQ-39 alongside a general QoL survey.
7

CONCLUSIONS

Patients experienced significant QoL improvements after sub-
thalamic stimulation. The General Health and Mental Health scores
of patients were most comparable with age- and sex-adjusted
population values after STN-DBS. Moreover, earlier stimulation
predicted better motor improvements, which emphasizes the
importance of earlier timing of STN-DBS surgery to minimize loss of
function at a critical disease stage.
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In this manuscript by Johannes Kahkola et al, the authors describe the
change in multiple domains of QoL after STN-DBS in patients with PD
and compare the postoperative QoL with that of the general popula-
tion. The authors have a respectable cohort size and through their
primary outcome can assess changes in QoL and compare QoL mea-
sures with those of the age-matched general population. Their major
findings are that 1) STN-DBS improved QoL across multiple domains, 2)
postoperative QoL was similar to that of age-matched people without
PD, 3) shorter disease duration predicted greater QoL improvement,
and 4) age did not predict QoL improvement. These findings are largely
consistent with previous findings and add to the literature suggesting
that earlier DBS may be beneficial. However, these findings are limited
by the age of the study group (maximum age 70 years) and disease
duration (minimum disease duration of four years). Furthermore, the
cohort size of 43 patients is likely too small to identify risk factors for DBS
complications. Nonetheless, they provide an important contribution to
the literature describing predictors of DBS outcomes.
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PD. The study is a retrospective review but clearly shows improved
QoL in this population.
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