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Abstract
Background This study was designed to detect and assess the frequency and severity of nonmotor symptoms (NMSs) in
advanced Parkinson’s disease (PD) and to investigate the effects of subthalamic nucleus deep brain stimulation (STN-DBS)
on NMSs.
Methods We developed an online PC–based questionnaire program to assess NMSs in PD. Twenty-six PD patients who
underwent bilateral STN-DBS were assessed. The NMS questionnaire consisted of 54 NMSs in three categories, based on
Witjas et al. (2002). For each NMS, the patients were asked whether or not it was present, whether or not the fluctuating
manifestations correlated with the timing of levodopa-induced motor fluctuations, and how severe the NMS was. Patients were
assessed by this system before surgery and at the follow-up visit, 3 to 6 months after surgery. At the postoperative assessment,
patients were also assessed on preoperative NMSs using recall.
Results The most frequent preoperative NMSs were constipation and visual disorders, while the most frequent postoperative
NMSs were difficulty in memorizing and pollakiuria. The ranking of most frequent NMSs changed from before to after surgery.
NMSs of drenching sweats, dysphagia, and constipation were significantly ameliorated, while NMSs of dyspnea and slowness of
thinking were significantly deteriorated after surgery. The preoperative assessment by postoperative recall gave very different
results from that of the preoperative assessment.
Conclusion An online questionnaire system to assess NMSs in patients with advanced PD suggested that STN-DBS might
influence the frequencies of some kinds of NMSs.
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Introduction

Parkinson’s disease (PD) is one of the most common neuro-
degenerative disorders, with a prevalence generally estimated
at 0.3% of the population in industrialized countries [7]. It is
the second most common neurodegenerative disorder after
Alzheimer’s disease, and its prevalence increases with age,
reaching 1% in people over 60 years of age [7]. One of the
main pathological features of PD is the degeneration of dopa-
minergic neurons in the substantia nigra pars compacta (SNc),
which gives rise to the four major motor symptoms of this
disease: bradykinesia, tremor at rest, rigidity, and postural in-
stability [8].

There are also many nonmotor symptoms (NMSs) that
are common features of PD [11], such as dysautonomic,
psychiatric and cognitive, and sensory symptoms [28, 29].
These problems, together with the chronic and progressive
nature of the illness itself, may seriously hamper patients’
physical and mental health [6]. Similar to the motor
symptoms of PD, NMSs significantly disable daily activ-
ity and negatively affect quality of life in PD patients.
Some NMSs are alleviated by dopaminergic treatment.
Subthalamic nucleus deep brain stimulation (STN-DBS)
is a well-established surgical option for motor symptoms
in PD patients [15]. This surgery dramatically alleviates
the cardinal motor symptoms and allows for a reduction in
antiparkinsonian drugs. There are some previous reports
about the effects of STN-DBS on NMSs. In a study by
Witjas et al. [29], STN-DBS was effective against NMSs
such as drenching sweats, anxiety, fatigue, akathisia, and
slowness of thinking. However, a rapid development of
extreme apathy or abulia shortly after surgery was also
described, especially in patients with very high doses of
dopaminergic drugs that were drastically reduced after
surgery [14]. Transient confusion has also been observed
in some patients, possibly as a result of the long duration
of brain surgery and the withdrawal of dopaminergic
drugs [18]. In another study, night sleep was reported to
improve in all patients [20]. However, because there are
many types of NMSs, it can be very difficult to categorize
and evaluate these types of symptoms. Some NMSs are
subjective only, and other NMSs may be influenced by
the effects of either STN-DBS or medication levels. To
detect and evaluate NMSs in PD patients, we developed
an online questionnaire system for NMSs. Compared with
other reports of NMSs, this study is novel in that the
questionnaire was conducted to investigate not only the
presence and severity of symptoms, but also the onset of
symptoms. An online system is useful because the ac-
quired data can be categorized and anonymized, and mul-
tiple researchers can then use the data simultaneously. We
used this system when speech-language-hearing therapists
(STs) performed higher brain function tests both before

and after surgery, and assessed the changing NMSs in
PD patients after STN-DBS.

Methods and materials

We used the questionnaire proposed by Witjas et al. [28] be-
cause this classification includes many NMSs in detail in each
category, and we wanted to cover as many NMSs as possible
in our study. The NMS questionnaire consisted of 54 NMSs in
three categories (26 dysautonomic, 21 psychiatric/cognitive,
and 7 sensory symptoms), and was used with some modifica-
tions to adapt the questionnaire to the Japanese language. For
the patients’ comfort, the questionnaire was completed during
“on-time” (on-drug condition preoperatively, and on-
stimulation and on-drug conditions postoperatively). The ini-
tial postoperative DBS programming in all patients was per-
formed using unipolar stimulation of the contact located at the
dorsal STN. The stimulation parameters were reevaluated and
adjusted as required during hospital visits to achieve maximal
therapeutic effect against Parkinson’s disease symptoms.

The questionnaire program was administrated on a PC to
reduce the burden on patients and raters, to shorten the inter-
view time, and to ensure the same questionnaire for all symp-
toms. The questionnaire program ran on a web browser and
had graphical interfaces (Fig. 1). The patients were able to
select the answer of the question by clicking on it, and their
data were encrypted and password-locked to protect personal
data. Figure 1 a shows the start page. On the second page (Fig.
1b), for each NMS, patients were asked if the symptom was
present or absent. On the third page (Fig. 1c), for each NMS,
patients were asked whether the fluctuating manifestations
were correlated with the timing of “just before on-drug” (“just
before on-time”), “on-drug” (“on-time”), “just before off-
drug” (“just before off-time”), “off-drug” (“off-time”), “dys-
kinetic state,” or “unrelated to either on- or off-drug” (“on/off-
unrelated time”). Before the questionnaire began, the defini-
tions of “on,” “off,” and “dyskinetic state” were explained to
patients. At the end of each NMS questionnaire (Fig. 1d), the
patients were asked to rate the severity of each NMS with a
scale ranging from 0 to 4 (0: no discomfort, 1: slight, 2: mod-
erate, 3: marked, 4: maximum disability).

Twenty-six PD patients (seven men and nineteen women)
who underwent bilateral STN-DBS in Kyushu University
Hospital between June 2006 and May 2010 were assessed by
this program. All patients were assessed before and after sur-
gery and gave written informed consent for the collection and
publication of their data. All experimental procedures were ap-
proved by the Ethics Committee of the Kyushu University
Hospital. Inclusion criteria were responsiveness to levodopa
and disabling motor fluctuations and/or levodopa-induced dys-
kinesia that was refractory to the adjustment of antiparkinsonian
medication. Exclusion criteria were atypical parkinsonism,
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noticeable brain atrophy, age (> 75 years), dementia (MMSE <
20), or unstable psychiatric impairments. Subjects underwent
contemporaneous bilateral STN-DBS implantation using MRI-
guided indirect targeting and amultitrackmicrorecordingmeth-
od [32]. Using our online questionnaire, we investigated which
symptoms were ranked highest before and after surgery, and the
changes in severity of each NMS. The severity of symptoms in
each parameter was evaluated using five levels (from 0 to 4)
both before surgery and at 3 to 6 months after surgery.
Statistical analysis was performed using a Wilcoxon signed-
rank test to determine the relative difference between the pre-
operative and postoperative states. We used correlation coeffi-
cients and regression analysis to measure the strengths of the
relationships between LEDD reduction after surgery and symp-
tom improvement or worsening. P values < 0.05 were consid-
ered significant. We interpreted correlation coefficient sizes as
follows: 0.0 ≤ |r| < 0.2: almost no correlation; 0.2 ≤ |r| < 0.4:

weak correlation; 0.4 ≤ |r| < 0.7: moderately strong correlation;
and 0.7 ≤ |r| ≤ 1.0: strong correlation. At the postoperative ex-
amination, patients were asked to recall which symptoms
existed before surgery. In the recall study, one case was exclud-
ed because of insufficient data (n = 25). Patients also completed
the unified Parkinson’s disease rating scale (UPDRS) with ac-
tivity of daily living score (UPDRS part II) and motor score
(UPDRS part III), and the Mini-Mental State Examination
(MMSE), both before and after surgery. The levodopa-
equivalent daily dose (LEDD) was calculated according to the
conversion formula proposed by Tomlinson et al. [26]

Results

Mean patient age was 61.9 years, mean age at disease onset
was 48.3 years, and mean disease duration was 13.7 years.

Fig. 1 The online questionnaire program system. The questionnaire
program was administrated on a PC and ran on a web browser. It had
graphical interfaces, and patients were able to select the answer to the
question by clicking on it. a Start page. b Second page: the patients were
asked if each NMS was present or absent. c Third page: for each NMS,
the patients were asked whether the fluctuating manifestations correlated

with the timing of “just before on-drug” (“just before on-time”), “on-
drug” (“on-time”), “just before off-drug” (“just before off-time”), “off-
drug” (“off-time”), “dyskinetic state,” or not with motor symptoms (“on/
off-unrelated time”). d Last page: the patients were asked to rate the
severity of each NMS on a scale ranging from 0 to 4 (0: no discomfort,
1: slight, 2: moderate, 3: marked, 4: maximum disability
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The maximum age of the patients was 74 years and the lowest
MMSE score was 21. The mean interview duration was
20 min. Using an online questionnaire program, all patients
were able to answer questions without any problems. Table 1
summarizes patient profiles and surgical outcomes. All pa-
tients had some NMSs. After surgery, UPDRS part II and III
scores in “off-time” significantly improved by 64% and 74%,
respectively (p < 0.01). In addition, the LEDD and LDD
(levodopa daily dose) were significantly reduced by 59.3%
and 70.0%, respectively (p < 0.01). Table 2 gives the ten most
frequent NMSs. Preoperatively, the most frequent NMSs were
constipation (88%), visual disorders (69%), flatulence (65%),
and difficulty in memorizing (65%), which all fall into the
categories of dysautonomic or psychiatric and cognitive
symptoms. Postoperatively, the most frequent NMSs were
difficulty in memorizing (58%), pollakiuria (46%), visual dis-
orders (42%), oral dryness (38%), flatulence (38%), anxiety
(38%), irritability (38%), and slowness of thinking (38%).
These also fall into the categories of dysautonomic or psychi-
atric and cognitive symptoms. There were no sensory symp-
toms in the top 10 most frequent preoperative and postopera-
tive NMSs.

Next, we investigated the changes in severity of each
NMS after surgery in the “off-time” and “on/off-unrelated
time.” NMSs in the “just before on-time,” “on-time,” “just
before off-time,” and “dyskinetic state” were excluded
because they were very rarely reported. The NMSs that
were ameliorated or deteriorated in the postoperative state
were examined further. Tables 3, 4, and 5 show the p-
values for postoperative changes in severity in three cat-
egories (Table 3: dysautonomic symptoms; Table 4:

psychiatric and cognitive symptoms; Table 5: sensory
symptoms). In the dysautonomic symptom category in
Table 3, drenching sweats (p = 0.026) and dysphagia
(p = 0.031) during “off-time,” and constipation (p =
0.010) during “on/off-unrelated time,” were ameliorated
following STN-DBS. In contrast, dyspnea (p = 0.032) dur-
ing “on/off-unrelated time” was deteriorated postopera-
t ively. For psychiatr ic and cognit ive symptoms
(Table 4), only slowness of thinking (p = 0.029) was sig-
nificantly deteriorated during “on/off-unrelated time.” No
sensory symptoms showed significant changes between
preoperative and postoperative states (Table 5). From the
correlation analysis between LEDD reduction after sur-
gery and the improvement or worsening of symptoms,
“dysphagia” was weakly correlated with LEDD reduction
after surgery, but this result did not reach statistical sig-
nificance (r = 0.384, p = 0.052). No other symptoms
showed any correlation with LEDD reduction after
surgery.

Table 2 The tenmost frequent nonmotor symptoms in preoperative and
postoperative state.

Order Symptom Category Frequency (%)

Preop

1 Constipation D 88

2 Visual disorders D 69

3 Flatulence D 65

3 Difficulty in memorizing P 65

5 Oral dryness D 62

6 Pollakiuria D 58

6 Anxiety P 58

8 Irritability P 54

9 Urinary urgency D 46

9 Slowness of thinking P 46

Postop

1 Difficulty in memorizing P 58

2 Pollakiuria D 46

3 Visual disorders D 42

4 Oral dryness D 38

4 Flatulence D 38

4 Anxiety P 38

4 Irritability P 38

4 Slowness of thinking P 38

8 Mutism P 35

9 Constipation D 31

9 Urinary urgency D 31

(Values are percentages)

D dysautonomic symptoms, P psychiatric and cognitive symptoms

Table 1 Patient profile (male = 7: female = 19)

Characteristics Mean ± SD

Age (y) 61.9 ± 9.3

Disease onset (y) 48.3 ± 10.9

Disease duration (y) 13.7 ± 6.1

Preop Postop

Mean ± SD Mean ± SD

UPDRS II (on) 10.2 ±7.2 7.0 ± 7.4

UPDRS II (off) 23.5 ±9.1 8.4 ± 7.4

UPDRS III (on) 14.6 ± 10.2 9.2 ± 9.3

UPDRS III (off) 41.3 ± 18.7 10.8 ± 8.6

Hoehn & Yahr stage (on) 2.5 ± 1.0 2.6 ± 1.0

Hoehn & Yahr stage (off) 3.8 ± 0.9 2.6 ± 1.0

LEDD (mg/day) 762.8 ± 384.4 310.5 ± 160.0

LDD (mg/day) 456.9 ± 205.0 138.5 ± 135.1

MMSE 27.2 ± 2.5 26.7 ± 3.4

UPDRS Unified Parkinson’s Disease Rating Scale, LEDD levodopa-
equivalent daily dose, LDD levodopa daily dose, MMSE Mini-Mental
State Examination
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Table 6 shows the reported preoperative NMSs before
and after surgery. Table 6 (A) gives the 10 most frequent
preoperative NMSs by recall after surgery, while Table 6
(B) shows the top 10 preoperative NMSs that the patients
stated they did not have when asked to recall preoperative
NMSs after surgery. Pollakiuria (36%), flatulence (32%),
facial flushing (28%), and constipation (28%) were the
top-ranked symptoms in Table 6 (B). Moreover, many
dysautonomic NMSs were ranked highly. Table 6 (C)
shows the top 10 NMSs that the patients reported as pre-
operative symptoms by recall after surgery, but that they
did not report before surgery. Drenching sweats (32%),
fatigue (32%), akathisia (32%), and mental hyperactivity
(28%) were ranked top in Table 6 (C). Some sensory and
psychiatric and cognitive symptoms were ranked highly
here, as well as dysautonomic symptoms. Importantly,
the results were quite different depending on the time of
evaluation; that is, preoperative NMSs reported by recall
after surgery were quite different from the preoperative
NMSs that were reported prior to surgery.

Discussion

Regarding the development of an online questionnaire
program for NMSs, two points should be noted. The first
point is that recall is not reliable; our results were quite
different depending on the timing of the evaluation.
Reporting of NMSs in PD is easily influenced by feelings
at the timing of the questionnaire. In Table 6, the preop-
erative NMSs are completely different from those that
were recalled postoperatively. It is therefore impossible
to obtain accurate results if patients are not assessed pre-
operatively. The second point is that a long examination
time might exhaust patients [12]. Our interview system
addressed this point by enabling us to relatively easily
evaluate NMSs in PD patients with minimum stress for
the subjects involved. However, because the preoperative
questionnaire was completed during “on-time,” the “on”
medication state might have meant that patients were
more optimistic (or hypomanic), and this may have affect-
ed or compromised the subjective evaluation of NMSs.

Table 3 The p values of
postoperative change in severity
of dysautonomic symptoms

Ameliorated Dysautonomic symptoms Deteriorated

Off-time On/off-unrelated time Off-time On/off-unrelated time

0.026* 0.785 Drenching sweats

0.346 Sensation of being hot 0.268

0.272 Facial flushing 0.346

0.719 Oral dryness

Dyspnea 0.858 0.032*

0.031* Dysphagia 0.066

0.010* Constipation 0.174

0.129 Distal cold sensations

0.850 Excessive salivation 0.524

Urinary urgency 0.672 1.000

Visual disorders 0.410 0.916

Palpitation 0.507

0.789 Abdominal bloating

0.346 Dysuria

Precordialgia 1.000

0.847 Flatulence 0.789

0.346 0.586 Stridor

Facial pallor 1.000

0.371 Abdominal pain 0.269

Paroxysmal hunger 1.000

0.586 Pollakiuria 0.247

0.495 Pyrosis 0.181

1.000 Nausea 1.000

0.789 0.943 Leg edema

0.480 Belching

1.000 0.660 Coughing

*p value < 0.05
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Several questionnaires have been developed for the as-
sessment of NMSs observed in PD, including the
nonmotor symptom scale (NMSS) [4], NMSQuest [3,
19], and PDQ-39 [21]. Our questionnaire system had a
graphical interface, meaning that even older patients and
hearing-impaired patients could operate the program, and
the mean duration for the interview was only 20 min. In
the present study, STs used this system to efficiently as-
sess NMSs, but we believe that accurate test results can be
obtained even if this system is used by clinicians and
other medical staff who do not regularly perform this kind
of questionnaire. There is, however, one potential problem
when considering the generalization of this questionnaire:
the meaning of words may change depending on the lan-
guage that is used. Translating questions into different
languages may affect the results of the study. Although
we referred to Witjas et al. [28, 29] in this study, it may
not have always been possible to ask questions with ex-
actly the same nuances, because we did not verify the
back translations of the questions. It is therefore not ap-
propriate to directly compare the results of the current
study with the results of studies by Witjas et al.

With regard to the results from the present study, there
is also a possibility that STN-DBS influences NMSs. In
Table 2, there is a difference between the highest ranked

NMSs before and after surgery. There are two possible
factors that may influence changes in NMSs after an
STN-DBS operation. One is that STN-DBS directly influ-
ences NMSs, and the other is that the reduction in LEDD,
caused by the positive effects of STN-DBS on motor
symptoms, has a modulatory effect on NMSs. The afore-
mentioned reports suggest that STN-DBS affects some
parts of NMSs, but it is not clear whether symptom
changes are a direct or indirect effect of chronic stimula-
tion of the STN. Our study had similar findings to a pre-
vious study by Witjas [29] in that the most frequent pre-
operative NMSs were anxiety, slowness of thinking, and
irritability, and that many dysautonomic NMSs, especially
drenching sweats, were markedly improved by STN-DBS.
In addition, to ensure the reliability of results, it was nec-
essary to ask patients to evaluate their symptoms at the
present time, and not to recall symptoms that existed at a
previous time point.

In the current study, drenching sweats and dysphagia
during “off-time” and constipation during “on/off-unrelat-
ed time” were ameliorated following STN-DBS, and dys-
pnea and slowness of thinking were significantly deterio-
rated postoperatively during “on/off-unrelated time.”
Using correlation analysis, no symptoms were significant-
ly correlated with postoperative LEDD reduction;

Table 4 The p values of
postoperative change in severity
of psychiatric/cognitive
symptoms

Ameliorated Psychiatric/cognitive symptoms Deteriorated

Off-time On/off-unrelated time Off-time On/off-unrelated time

0.850 Anxiety 0.602

0.432 Fatigue

0.494 Irritability 0.177

Hallucinations 1.000 0.904

Self-withdrawal 1.000 0.437

0.773 Euphoria 0.824

0.892 Lassitude/weariness 0.494

Sadness 1.000

0.797 Hyperactivity 0.666

1.000 Sensation of imminent death

0.304 Abulia 0.098

Mutism 0.429 0.060

0.526 1.000 Panic attack

Aggressive behavior 1.000 0.345

Sensation of injustice 1.000 0.572

0.710 Sexual disorders

Guilty feelings 1.000 0.854

0.463 Slowness of thinking 0.029*

0.914 Difficulty in memorizing 0.056

Mental emptiness 0.914 0.168

Mental hyperactivity 0.669

*p value < 0.05
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however, the low number of patients in the present study
may have affected these results. Constipation was one of
the most common preoperative symptoms, reported in
88% of patients before surgery, but just 31% of patients
reported this symptom after surgery (Table 2). There are
three possibilities to explain the amelioration of constipa-
tion in the current study. The first possibility involves the
postoperative LEDD reduction that occurs as a result of
STN-DBS. Zibetti et al. first suggested this mechanism
[33]. Dopaminergic medications are known to influence
anorectal function, with an improvement in manometric
and electromyographic measures of anorectal function
during “on” periods and a deterioration during “off” epi-
sodes [2]. The second possibility to explain the improve-
ment in constipation is that STN-DBS has a direct effect
on extrapyramidal motor dysfunction. For example, Abott
et al. [1] suggested that increased colonic transit time may
be a manifestation of the same processes that cause the
motor symptoms of PD. The third possibility relates to the
increase in physical activity of PD patients after STN-
DBS. Studies focusing on the general population and on
older patients have shown that immobility or insufficient
physical activity is linked to constipation [9, 24]. An ame-
lioration of motor symptoms in PD patients after surgery
might improve their mobility and physical activity levels,
thus improving their constipation. For these reasons,
STN-DBS might improve constipation both directly and
indirectly. Drenching sweats were also reported by more
than 87% of preoperative patients [25, 28]. Krack et al.
reported that the alleviation of drenching sweats after
STN-DBS is because of stimulation of the descending
sympathetic fibers in the zona incerta [14], while Witjas
et al. [29] reported that this alleviation is probably due to
STN-DBS-induced improvements in motor complications.
Although the relationship between drenching sweats and
dyskinesia was not clear in our study, STN-DBS treatment
resulted in a significant improvement of drenching sweats.
Dysphagia during “off-time” was also significantly im-
proved in the present study. Although clinically

significant improvements in swallowing function were
not identified in one previous report [27], many reports
have shown functional improvement in the tongue, phar-
ynx, and larynx after STN-DBS [5, 13, 16, 17, 23, 31,
33]; therefore, STN-DBS may be related to the improve-
ment in this symptom.

Because dyspnea and slowness of thinking deteriorated
postoperatively during “on/off-unrelated time” in the pres-
ent study, these symptoms may be affected not only by
stimulation parameters but also by other factors such as
drug treatment or disease progression. The effect of STN-
DBS on dyspnea has not been previously reported and
requires further clinical study. Regarding slowness of
thinking, there are reports that cognitive tasks that rely
on working memory are ameliorated by STN-DBS,
whereas performance in other cognitive tasks is deterio-
rated [10, 22]. STN-DBS did not reduce overall cognition,
but there was a selective postoperative decrease in frontal
cognitive functions [30]. However, because slowness of
thinking is a subjective symptom, it may be difficult to
identify the damaged subfunction in detail and to under-
stand how it affects patients’ quality of life.

There are several important possible outcomes from the re-
sults of this study. If it becomes clear how STN-DBS affects
NMSs, a new research field may be developed that pursues the
physiological and pathological mechanisms of the interactions
between brain stimulation and systemic responses that are de-
rived from peripheral autonomic nerves or other nonmotor neural
networks. In addition, the effect of DBS methodology, such as
proximity to limbic part of STN, caudate involvement in lead
trajectory, and stimulation frequencies may be explored. There is
also a possibility that drug reduction methods will be able to be
customized depending on individual patients and their specific
NMSs. In addition, information about possible worsening or
amelioration of NMSs can be disclosed to patients who are con-
sidering DBS and other device-aided therapies.

Study limitations This study has some limitations. Because
only a small number of patients were included in this study,

Table 5 The p values of
postoperative change in severity
of sensory symptoms

Ameliorated Sensory symptoms Deteriorated

Off-time On/off-unrelated time Off-time On/off-unrelated time

0.177 Akathisia 0.172

Tightening sensation 0.174

0.134 Tingling sensation 0.414

0.072 Diffuse pain 1.000

0.854 Restlessness 0.189

0.394 Neuralgic pain 0.099

1.000 Burning sensation

*p value < 0.05
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the statistical power was low. We must also acknowledge that
this questionnaire program only states a preliminary measure-
ment, and that it is difficult to test the reliability and construct

validity of this questionnaire program because there were a
limited number of cases available.

Conclusion

We presented an online questionnaire system for NMSs in
patients with advanced PD. This interview system enabled
us to evaluate NMSs in PD patients easily, in detail, and with
minimum stress for patients. With this program, comprehen-
sive test results can be obtained not only by STs but also by
people who are not used to performing desk inspections. It
should be noted that STN-DBS affects not only motor symp-
toms but also some NMSs. Questionnaire studies should be
performed at the time that symptoms are present, because
answer by recall is not reliable.
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Comments

This is a very practical work showing how the internet can be used to ease
the fulfilment of clinical questionnaires. Although some issues related to
the self-administration of tests still hold, it improves the easiness to obtain
preoperative data at the preoperative stage, and highlights the possible
bias of retrieving preoperative data postoperatively.
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