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A closer look at Balance in Parkinson’s disease for those with and without Deep
Brain Stimulation: The patient’s perspective

INTRODUCTION

Among the cardinal features of Parkinson Disease (PD), including bradykinesia, rigidity, resting
tremor, abnormal postural reflexes and gait disturbance, gait and balance disturbances as well as
falls are a leading cause of disability and dependence on others (Muslimovic et al., 2008). The
inability to move around due to gait and balance problems is one of the most important causes of
decreased quality of life, morbidity, and mortality in patients with PD (Forsaa, et al., 2008;
Muslimovic et al., 2008; Pickering, et al., 2007; Rahman et al., 2008). It is known that falls
represent a major threat to health status and independence, causing pain and cessation of physical
activities, whether due to fear of falling, declining mobility, or balance. In fact, PD patients have 3
times the falls and 5 times the injuries when compared to age-matched individuals who do not have
PD (Horak, 2005). Furthermore, there is some indication that Deep Brain Stimulation (DBS) of the
subthalamic neucleus (STN) or globus pallidus interna (GPi) can improve gait and balance (e.g.,
such as speed of walking, as cited in Hausdorff, et al., 2009), while other studies have found that
DBS of the STN made gait and balance worse, (e.g., as evidenced by the increased number of falls
reported in those patients with DBS as compared to those with medication management only;
Weaver et al, 2009).

In addition to motor dysfunction that impacts balance, one must consider some relevant non-motor
symptoms. More specifically, it is important to consider the relationship between psychological
factors and disturbances of balance. Some research has found that one’s belief system (balance
confidence, which is the amount of confidence individuals have in doing specific activities where
balance may be challenged; emotional well-being, etc.) can impact balance. For example, Adkin
and colleagues (2003) stated that the greater degree of fear of falling may be an independent risk
factor for postural stability. Mak and Pang (2008) found that balance self-efficacy (a person’s
belief about his or her ability to maintain good balance) is indeed an important determinant of
functional walking capability in patients with PD. They believe that improving balance confidence
could be crucial in promoting better walking capability. Other research has found that depression is
one of the variables that may impact balance disturbance (e.g., Gassmann & Rupprecht 2009;
Gassmann, Rupprecht & Freiberger, 2009). Since depression is common in PD (e.g., with several
studies identifying 20 to 40% of PD patients meeting criteria for depression; Allain et al., 2000;
Cummings, 1992; Menza and Marsh, 2006), it is important to keep this variable in mind when
conceptualizing balance confidence in the PD population.

Other non-motor symptoms to consider as it relates to balance disturbance is difficulty with
cognition (thinking skills) and sleep disturbance. Some research has found that one’s cognitive
capability can impact balance (e.g., impaired cognition can adversely impact balance). Moreover,
in the PD population, as the brain has more to process, gait speed is slowed down and gait rhythm is
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disturbed, which can adversely impact balance. Hausdorff and colleagues (2005) indicated that
routine walking relies upon higher levels of cognitive abilities called executive functioning (such as
attention, planning, sequencing, organizing, initiating activity, solving problems, etc.). In fact, as
these higher-order functions become dysfunctional, gait and balance disturbance and fall risk are
likely to result. For example, Bernal and co-investigators (2005) found that as the demands on
attention increase on PD patients, increased likelihood of gait disturbance ensues, which could in
turn impact balance. Furthermore, sleep disturbance, which is another common non-motor symptom
in PD (Menza and Marsh, 2006), has been found to adversely impact thinking skills as well
(Meguro et al., 1990). Thus, whether depression and/or sleep disturbance adversely impacts
cognitive functions directly or, at a minimum, influences one’s balance confidence (as indicated
above), it is understandable that symptoms of depression and sleep disturbance may indeed
adversely impact balance indirectly.

OBJECTIVE

The goal of this project was to learn more about balance in people with Parkinson’s disease (PWP)
and specific variables that are related with balance confidence, such as depression, reported
cognitive capability, and sleep. We also wanted to compare individuals with Parkinson’s disease
who have and have not undergone DBS-STN.

METHODS

The participants were recruited from a variety of sources. Some had participated in previous
surveys conducted by The Parkinson Alliance; others responded to study announcements in medical
clinics around the country, and still others found out about the study through their participation in
local PD support groups, The Parkinson Alliance website (www.parkinsonalliance.org), or our
affiliate website devoted to DBS (www.dbs-stn.org). Participants came from around the United
States, Canada, India, and South Africa. The participants in this report included 130 individuals
with PD who underwent DBS and 163 individuals with PD without DBS (hon-DBS).

The participants in this study completed a demographics questionnaire, the Activities-Specific
Balance Confidence Scale (ABC), and the Geriatric Depression Scale-Short Form (GDS-SF) each
of which will be explained below.

The Demographic Questionnaire:

The demographic questionnaire included questions related to background information of the
participants as well as questions related to one’s opinion about their balance, amount of falls, and
utilization as well as efficacy of assistive devices for balance/walking. Additional questions were
asked regarding other difficulties that may be related to or affect one’s balance such as amount of
sleep, fatigue, cognitive functioning, and co-existing medical conditions.

Activities-Specific Balance Confidence Scale (ABC):
The Activities-Specific and Balance Confidence (ABC) Scale is a questionnaire developed to

measure an aspect of the psychological impact of balance impairment and/or falls. The ABC was
developed to include a wider variety of activities that makes it more sensitive to detecting loss of
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confidence among lower and higher functioning individuals (McAuley et al., 1997; Powell &
Myers, 1995). There are 16 ABC items that are rated on a 0 to 100% scale (i.e., 0% = no confidence
to 100% = complete confidence in performing the specified activity) and are averaged to produce a
total ABC score that ranges from 0 to 100. Total ABC scores are operationalized so that higher
scores reflect higher balance confidence. Also, significantly lower ABC scores were associated with
lower levels of mobility (Powell and Myers, 1995) and falls (Lajoie and Gallagher, 2004).

The Geriatric Depression Scale-Short Form (GDS-SF):

The GDS-SF is a subjective depression screening inventory that looks at 15 commonly endorsed
symptoms related to depression. The test is typically used for older adults but has been shown to be
efficacious in younger adults (Ferraro, 1996) as well as individuals with medical ailments (Cully,
2009) as the test minimizes physical symptoms of depression that are often seen in a medically-ill
population without depression. The higher the score on this 15 item questionnaire, the more
depressive symptoms a person is endorsing.  This measure is often used to get a better
understanding of symptoms of depression that may impact an individual’s outlook on life.

RESULTS

The summary of the demographic information for this study can be found in Table 1. The average
age of PD onset was 47 years for the DBS group and 62 years for the Non-DBS group. Male and
female participants were equally represented for each group and most of the patients had some
college education or higher. The DBS group was younger, had an earlier age of onset of PD, and
had longer duration of PD than the Non-DBS group.

Table 1. Demographics and clinical features of the sample

Variable DBS Non-DBS
(n=130) (n=162)

Mean Age in years* 62 70
Duration of PD in years * 154 8.0
Percent Male 59% 57%
Percent Female 41% 43%
Mean Age of PD onset (in years)* 47 62

Age at Time of DBS 57 nla
Average Time since DBS-STN (in years) 4.6 nla
DBS Target STN 92% n/a
DBS Target GPi 5% n/a
DBS Target Thalamus 3% n/a
Percentage with Initial Bilateral Stimulation 87% n/a

* Denotes significant differences between the groups
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Age and Duration of PD within the two groups:

There was a significant difference in age as well as duration of PD between the two groups
(DBS>Non-DBS; see Figures 1 and 2). The majority of Non-DBS participants were 70 years of
age or older and their duration of PD has been shorter than the DBS group. The majority of the
DBS group was in the 50-69 years of age cohort, and they have had PD for a longer period of time
when compared to the Non-DBS group. For research purposes it is important to take age and
duration of PD into consideration, which was done for all of the results reported below.

Figure 1. Age Categories for DBS and Non-DBS groups
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Figure 2. Disease Duration Categories (in Years) for DBS and Non-DBS groups
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Demographic Questionnaire:
DBS Effect on Balance

The summary of individuals reporting improvement in balance-related activities is reported in Table
2. It is notable that the majority of individuals who underwent DBS reported improvement with
balance, walking straight ahead, and ability to turn directions. Since there was a large range of ages
represented in the DBS group, we also looked at differences between different age groups (<50, 50-
69, and 70+).

As it relates specifically to balance:
= The younger group (<50) did not find DBS as helpful as the mid range group (50-69)
= There was no difference in age with regard to walking in a straight line.
= With turning or changing direction, the older group (70+) did not find DBS as beneficial as
the mid range group (50-69).

Table 2. Demographic Questionnaire

Variable DBS (n=125)
Yes No

Do you believe DBS has helped with your balance? 59% 41%

Do you believe that DBS has helped your walking in

a straight ahead direction? 67% 33%

Do you believe that DBS has helped your ability to turn

or change direction when you are walking? 62% 38%

Co-existing medical problems that can interfere with balance

It is important to consider other medical conditions that could impact balance when looking at this
data. For example, Table 3 illustrates other medical problems that were reported to co-exist with PD
participants in this study. Since the vast majority of the individuals in this study had co-existing
medical conditions that could account for some of the difficulties in balance (87%), it was not
statistically appropriate to compare those without additional medical conditions to those who have
additional medical conditions that could interfere with balance. Although we did not analyze the
significance of co-existing medical conditions on balance confidence for the two groups, the
important point is that the vast majority of individuals with PD are contending with both PD and a
co-existing medical condition that can impact balance and balance confidence. Moreover, it is likely
very common for individuals with PD to also experience other medical problems that may interfere
with balance, and this data likely expresses the voice of many individuals with similar difficulties.
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Table 3. Percentage of participants reporting co-existing medical conditions

Medical Conditions Reported DBS Non-DBS
(n=96) (n=133)

Musculoskeletal/Orthopedic Problems 46% 47%
Cardiovascular Problems 23% 38%
Stroke 2% 4%
Seizures 0% 3%
Neuropathy 25% 22%
Respiratory Problems 9% 8%
Metabolic Problems 4% 6%
Visual Disturbance 21% 27%
Sleep Apnea 13% 15%
Vertigo 14% 17%
Falls

The summary of frequency of falls is listed in Table 4. The DBS group reported falls in greater
frequency than the Non-DBS group, when considering that only 12.5% of the DBS group reported
having falls less than 1 time per year or not at all as compared to the 38.2% of the Non-DBS group
who reported fall frequency in the same time period. In other words, 87.5 % of the DBS group
reported having falls ranging between greater than 4 times per week to one time per year, while
61.8% of the Non-DBS group reported having falls in the same time frame.
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Table 4. Reported falls

Variable DBS Non-DBS
(n=128) (n=157)

How often do you experience a fall?

Greater than 4x per week 7.8% 1.9%
2-4x per week 5.5% 6.4%
1x per week 7.0% 1.3%
2-3 x per month 14.8% 12.7%
1x per month 11.7% 10.2%
1x every few months 28.9% 15.3%
1x per year 11.7% 14.0%
Less than 1x per year or not at all 12.5% 38.2%**

** Significant difference between groups
Utilization of Assistive Devices

The summary of utilization of assistive devices is listed in Table 5. Approximately half of each
group identified that they used assistive devices. There was no difference between the DBS and
Non-DBS groups in using a cane, wheelchair, or scooter. Although, in those that endorsed using
an electric scooter the Non-DBS aged 70+ group used the scooter with more frequency than the
comparably aged DBS group.

The DBS group was more likely to use a walker when younger (<50 and 50-69) than the Non-DBS
group of comparable ages. In regard to frequency of using a walker, the <50 aged DBS group was
more likely to use a walker at least sometimes as compared to none of the Non-DBS group.

The majority of both groups found the assistive devices helpful. Other devices noted to assist with

walking/standing/turning included walking sticks (trekking pole/walking staff), handrails, chair
lifts, and a wheeled suitcase as a purse.
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Table 5. Percentage of participants using the specific assistive devices

Variable DBS Non-DBS
(n=130) (n=158)
Use of an Assistive Device 41% 46%
Cane 42% 33%
Walker * 40% 28%
Wheelchair 23% 22%
Electric Scooter 23% 15%
Person to help stand 34% 34%
Helpfulness of Devices
Not helpful 8% 0%
A little bit helpful 14% 19%
Moderately helpful 21% 14%
Quite a bit helpful 26% 31%
Extremely helpful 31% 35%

*Significantly different at the .05 level

Sleep

The summary of average amounts of sleep for each group is listed in Table 6. There were no
significant differences between the groups in average amount of hours slept per night without
waking or total number of hours slept. When broken into the age groups, it was found that DBS
group aged 70+ did have a higher average of hours slept without waking as compared to the Non-
DBS group (5.8 vs. 4.9 hours). Both groups also reported feeling fatigued or tired throughout the
day. There were no other age or duration differences within the groups.

Not surprisingly, sleep disturbance had a significant, but modest, relationship to one’s balance
confidence. In other words, the less sleep on average that individuals in this study get per night, the
less balance confidence they had as well.

Table 6. Reported sleep related issues in the participants

Variable DBS Non-DBS
(n=127-129)  (n=155-157)

Avg. hours of sleep w/o waking per night 4.95 4.82

Avg. hours of sleep per night 7.13 6.98

Do you feel tired/fatigued during the day 81% 72%
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Activities-Specific Balance Confidence Scale (ABC Scale):

As can be seen in Table 7, there was a statistically significant difference, but modest, between
overall ratings of balance confidence between the DBS and Non-DBS groups, where the Non-DBS
group reported greater levels of balance confidence in the scenarios presented within the ABC
scale.

A list of all of the scenarios and the participants’ confidence levels are also found in Table 7. For
example, for the majority of the participants in both the DBS and Non-DBS groups, “Reaching at
your eye level” was the scenario in which they have the highest degree of confidence. Moreover,
85% of the DBS group and 83% of the Non-DBS group indicated that they have a high degree of
confidence performing this function, whereas 9% and 11% reported that they had an average rating
of confidence for the DBS and Non-DBS groups, respectively. And, six percent of both groups
reported that they have a low degree of confidence when reaching at their eye level.

As for the DBS group, the top three scenarios where the majority of the participants rated their
confidence as the highest included (from higher levels of confidence to lower levels of confidence):
1. Reaching at your eye level
2. Walking outside to a nearby car
3. Getting in/out of a car/transport

Conversely, the three scenarios where the majority of participants rated their confidence as the
lowest included (from lower to higher levels of confidence):

1. Walking on slippery floors

2. Reaching while standing on a chair

3. Using an escalator without holding the railing

As for the Non-DBS group, the top three scenarios where the majority of the participants rated their
confidence as the highest included (from higher levels of confidence to lower levels of confidence):
1. Reaching at your eye level
2. Walking around the house
3. Sweeping the floor

Conversely, the three scenarios where the majority of participants rated their confidence as the
lowest included (from lower to higher levels of confidence):

1. Reaching while standing on a chair

2. Walking on slippery floors

3. Using an escalator without holding the railing
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On several of the individual items noted in Table 7 and Figure 3, there were statistically significant
differences between the two groups. The DBS group reported less confidence than the Non-DBS

group on the following items:

=  Walking around the house
= Picking up a slipper or something from the floor
= Reaching at your eye level

= Reaching while on your tiptoes

= Sweeping the floor

= Walking outside to a nearby car
= Getting in/out of a car/transport
=  Walking across a parking lot

=  Walking up and down a ramp

= Walking in a crowded mall

= Being bumped while walking in a crowd

That being said, however, the patterns between the two groups are very similar (as can be seen in
Figure 3), and overall, there does not appear to be a clinically meaningful difference between the
two groups. In other words, balance confidence is actually similar between the two groups, and the
findings do not reflect a need to approach treatment for one group any differently than the other

group.

Table 7. Balance confidence ratings for specific situations in the ABC Scale

Variable Level of Confidence % of DBS % of Non-DBS
(n=124-129) (n=154-159)
Total Score* 61% 69%
Reaching at your eye level* Low 6% 6%
Average 9% 11%
High 85% 83%
Walking outside to a nearby car* Low 7% 12%
Average 18% 14%
High 75% 74%
Getting in/out of a car/transport*  Low 9% 10%
Average 19% 16%
High 72% 74%
Walking around the house* Low 5% 8%
Average 26% 10%
High 69% 82%
Walking across a parking lot Low 11% 11%
Average 22% 13%
High 67% 76%
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Table 7. Balance confidence ratings for specific situations in the ABC Scale (continued)...

Variable Level of Confidence % of DBS % of Non-DBS
(n=124-129) (n=154-159)

Using an escalator while holding

the railing Low 10% 17%
Average 25% 14%
High 65% 69%

Sweeping the floor* Low 16% 15%
Average 19% 9%
High 65% 76%

Picking up a slipper or something

from the floor Low 13% 13%
Average 28% 17%
High 59% 70%

Walking up and down a ramp* Low 17% 15%
Average 24% 16%
High 59% 69%

Walking up and down stair Low 14% 20%
Average 32% 16%
High 54% 64%

Reaching while on your tiptoes* Low 24% 22%
Average 31% 17%
High 45% 61%

Walking in a crowded mall* Low 27% 21%
Average 33% 17%
High 40% 62%

Being bumped while walking

in a crowd* Low 34% 27%
Average 29% 18%
High 37% 55%

Using an escalator without holding

the railing Low 38% 36%
Average 27% 26%
High 35% 38%

Reaching while standing on a

chair Low 46% 39%
Average 28% 22%
High 26% 39%
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Table 7. Balance confidence ratings for specific situations in the ABC Scale (continued)...

Variable Level of Confidence % of DBS % of Non-DBS
(n=124-129) (n=154-159)

Walking on slippery floors Low 48% 38%
Average 27% 24%
High 25% 38%

* Statistically significant difference between the two groups

Low =0 to 33% of the participants fell in this range of level of confidence
Average = 34 to 66% of the participants fell in this range of level of confidence
High = 67 to 100% of the participants fell in this range of level of confidence

Figure 3. Reported balance confidence for each of the 16 activities composing the ABC scale
for the DBS and the Non-DBS groups.
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ABC Scale Activities: 1. Walking around the house. 2. Walking up and down stairs.
3. Picking up a slipper or something from the floor. 4. Reaching at your eye level.
5. Reaching while on your tiptoes. 6. Reaching while standing on a chair. 7. Sweeping
the floor. 8. Walking outside to a nearby car. 9. Getting in/out of a car/transport. 10.
Walking across a parking lot. 11. Walking up and down a ramp. 12. Walking in a
crowded mall. 13. Being bumped while walking in a crowd. 14. Using an escalator
while holding the railing. 15. Using an escalator without holding the railing. 16.
Walking on slippery floors.
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Geriatric Depression Scale-Short Form (GDS-SF)

The summary of the GDS-SF information for this study can be found in Table 8. The DBS group
had a higher score than the Non-DBS group for the total score on the GDS-SF. It should be noted
though that both group means were slightly below clinical cut off for significant depressive
symptoms. The DBS group (44%) was more likely to endorse clinically significant symptoms of
depression as compared to 29% of the Non-DBS group.

Table 8. Depression ratings using the GDS-SF

Variable DBS Non-DBS
(n=129) (n=163)

GDS-SF Total Score* 5.3 (3.9) 43(3.7)

% meeting clinical significance* 44% 29%

*  Denotes significant differences between the groups
Depression and Cognition and their relationship with Balance Confidence:

As for depression and balance confidence, there was a significant relationship between them.
Specifically, as one may expect, the greater the reported level of depression based on the scale used
in this study, the less confidence a participant had with regard to balance. Conversely, the less
depression the participants endorsed, the more confidence the participant appeared to have. In
another analysis looking at variables that can impact balance confidence, depression was found to
be a primary determinant for the level of balance confidence for both the DBS group and the Non-
DBS group. Furthermore, it is worth noting that depression was significantly related to the
cognitive functions addressed in this report. Moreover, the greater the reported level of depression,
the greater the perceived difficulties with attention, focus, transitioning, planning, initiating,
organizing, and problem solving.

Specific cognitive functions about which this survey inquired were also assessed to see if there were
factors in determining balance confidence. For the DBS group, difficulties with focusing,
transitioning, planning, organizing, multi-tasking, and problem solving (aspects of higher order
thinking — executive control) were related to one’s level of balance confidence. Moreover, when
individuals endorsed experiencing difficulties with these functions, they reported less balance
confidence. Out of these cognitive functions, perceived difficulties with attention and focus were
found to be predominant factors in determining balance confidence.

For the Non-DBS group, however, there was no significant relationship between the perceived
difficulties with thinking skills and their report of balance confidence. This is an interesting
finding, with the implication that DBS may have a significant impact on one’s perception of
cognitive capabilities and consequently having an impact on balance confidence.

*1t is important to note that the levels and types of medication that the participants in this study are
taking were not investigated in this study. Thus, interpretation of our findings (e.g., as it relates to
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depression, cognition, and balance within and between the DBS and Non-DBS groups) needs to be
done so with this factor in mind.

DISCUSSION

e The majority of individuals that underwent DBS believe that they have noticed improvement
with balance, walking straight ahead, and ability to turn directions. When looking at specific
age groups, however, (<50, 50-69, and 70+), DBS was reported to be the most helpful for
the middle age group (ages 50 to 69).

e Even though the DBS group reported improvement with balance-related functions, the DBS
group reported more falls than the Non-DBS group within a year’s time period (refer to
Table 4).

e |t is important to note that the DBS group had a disease duration that was almost double that
of the Non-DBS group. With that in mind, and knowing that balance and gait abnormalities
are strongly related with progression of disease, it is important to note that the two groups
were virtually indistinguishable in terms of balance and gait. Thus, DBS may indeed be
having a positive effect.

e Approximately half of each group (DBS and Non-DBS groups) identified that they used
assistive devices, and the majority of both groups found the devices helpful.

e There was a statistically significant difference, although modest, between balance
confidence as it relates to the overall ratings and some individual activities between the DBS
and Non-DBS groups. Specifically, the Non-DBS group reported greater levels of balance
confidence in some of the scenarios presented within the ABC scale. In general, however,
both groups had similar balance confidence ratings. Thus, it can be concluded that there is
not a clinically meaningful difference between the two groups as it relates to balance
confidence. In other words, balance confidence is actually similar between the two groups,
and the findings do not reflect a need to approach treatment for one group any differently
than the other group.

e Symptoms of depression were endorsed by a significant portion of the participants in both
the DBS and Non-DBS groups, which is generally consistent with previous research on
this topic.

e Balance confidence is clearly impacted by symptoms of depression for both the DBS group
and Non-DBS group. Depression was found to be a determinant for the reported level of
balance confidence. In other words, depression led to lower levels of balance confidence for
both groups. ldentifying the role of depression in the lives of individuals with PD has broad
implications, both psychologically and physically. Thus, exploring the PD patient’s
worldview and identifying and treating symptoms of depression is important, as addressing
the psychological well-being of this population can assist in improving mental health and
likely physical functionality (e.g., through improving confidence when engaging in
activities).

e Balance confidence is related to perceived cognitive capability in the DBS group,
particularly as it relates to functions within the domain of executive control (e.g., focusing,
transitioning, planning, organizing, multi-tasking, and problem solving). Difficulties with
attention and focus, in particular, were determinants in the level of one’s report of balance
confidence. Thus, understanding the PD patient’s cognitive capability and related perception
of cognitive capability in the DBS population is critical for understanding reasons for a
specific level of balance confidence. A greater understanding in this context could in turn
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help with treatment intervention and possibly improve quality of life and possibly even
general function.

e Sleep disturbance had a significant relationship to the participants’ balance confidence. In
other words, the less sleep on average that individuals in this study get per night, the less
balance confidence they had as well. Sleep disturbance is very prevalent in PD (Menza and
Marsh, 2006), and understanding the impact of sleep disturbance on balance problems is of
importance.

e Although this study did not analyze the significance of co-existing medical conditions on
balance confidence for the DBS and Non-DBS groups, the important point is that the vast
majority of individuals with PD in both groups reported that they were contending with both
PD and a co-existing medical condition that can impact balance and balance confidence.
Further research regarding balance confidence as it relates to the co-existing conditions with
PD is warranted.

e The levels and types of medication that the participants in this study are taking were not
investigated in this study. Thus, interpretation of our findings (e.g., as it relates to
depression, cognition, and balance within and between the DBS and Non-DBS groups)
needs to be done so with this factor in mind.
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