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Introduction
As our population ages, there is an increasing incidence and 

prevalence of Parkinson’s disease (PD). In the United States, 
the number of persons with Parkinson’s disease is expected to 
increase from the approximately 340,000 in 2005 to 610,000 in 
2030.1–4 Parkinson’s disease is a neurodegenerative condition 
related to a decrease in dopamine neurons in the substantia nigra.5,6 
By the time a diagnosis is made, there is a loss of up to 50-80% 
of striatal dopaminergic innervation.7–10 The underlying disease 
process of Parkinson’s disease involves destruction of neurons as a 
consequence of accumulation of protein alpha-synuclein.9 There is 
progressive damage to the neural networks in the locus coeruleus, 
pedunculopontine nucleus (PNN), amygdala, cortical grey matter, 
peripheral autonomic nerves, as well as the substantia nigra pars 
compacta.7,9 This neuroanatomical complexity leads to considerable 
challenges for effective management.11

PD is primarily a clinical diagnosis based on a range of motor and 
non-motor signs and symptoms. Motor signs range from imbalance, 
festinating gait, asymmetrical arm swing, resting tremor and self-
reported stiffness, freezing, falling and loss of balance confidence.12–14 
Individuals also self-report many non-motor symptoms ranging from 
sleep disturbance, gastro intestinal discomfort, depression, anxiety, 
apathy, autonomic dysfunction, cognitive decline, behavioural changes, 
and loss of sense of smell to name among a few.15 The impairments 
are difficult to manage13 leading to higher mortality, disability and 
dementia than in age matched controls.16,17 The lack of clear clinical 
biomarkers for PD has made it difficult to make an early diagnosis, 
objectively monitor response to treatment and minimize secondary 
complications such as falling, physical immobility, depression , loss 
of community independence and cognitive decline.18,19

Today, the diagnosis of PD is made clinically.20–22 The diagnosis is 
based on a combination of objective and self-reported motor and non-
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Abstract

Background: As the population ages, an increasing number of individuals are 
diagnosed with Parkinson’s Disease (PD), a complex, progressive, neurodegenerative 
motor and nonmotor disorder which can compromise quality of life/ independence. 
Given there are no laboratory tests to rule in the disorder, the diagnosis may be 
delayed until 85% of the dopamine neurons are degenerated. Could the clinical Timed 
Up and Go (TUG) test serve as an inexpensive, clinical biomarker to help physicians 
make a diagnosis of PD?

Methods: This descriptive, cross sectional evaluation study included 30 participants 
(15 with mild to moderate PD [Hoehn and Yahr I-II] and 15 age matched controls. 
Dependent variables included gender, age, self-reported motor and non-motor 
impairments paired with standardized measurements of mobility, balance (TUG) and 
cognition. Seventy percent of participants returned to be tested with the instrumental, 
dual task TUG (i TUG), the Five Times Sit to Stand Test (FTSTS) and 360o turning. 
Dependent variables were described (mean and standard deviation) and group 
differences tested for significance with the Two Sample T Test (P<0.05).

Results: TUG performance was within normal limits with no significant differences 
between the two groups (7.28 seconds age matched controls and 7.60 seconds PD). 
In addition, no significant differences were found between the two groups relative 
to gender, age, pain, fall history or gait speed. However, age matched controls were 
significantly less depressed, had better balance confidence but reported significantly 
less physical activity, more medical problems and more prescription medications.

Discussion & conclusion: The TUG was not a clinically sensitive biomarker to 
distinguish age matched healthy participants from those with mild-moderate PD who 
exercised aggressively. The dual task instrumental iTUG variant of the TUG may be 
more sensitive as a clinical biomarker for distinguishing individuals with early PD 
from age matched controls.

Keywords: diagnosis of Parkinson’s disease, timed up and go, clinical biomarker 
of pd
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motor factors.23 Some clinicians and scientists propose by integrating 
neural biomarkers and genetics, an earlier and more accurate 
diagnosis of PD could be made in elders and high risk populations.24 
It is possible; an early diagnosis could lead to more effective non-
pharmacological management strategies as well as delay the need for 
medications and possibly deep brain stimulation.25–27 For example, 
there is increasing evidence that life style modifications (e.g. 
nutrition, hydration, physical exercise, sleep, stress management, 
social interactions, cognitive learning) can minimize the degenerative 
effects associated with aging and the risk of Alzheimer ’s disease 
and PD.28–35 Preventive broad based intervention strategies may also 
be able to reduce excessive weight, metabolic disease, organ failure 
and cancer as well as maintain cardiopulmonary and musculoskeletal 
health, up regulate BDNF, excite dopamine neurons, increase oxygen 
delivery, minimize plaque deposition, maintain the length of our 
telomeres and stimulate adaptive cortical synaptic connections to 
drive positive neural plasticity and responsiveness of the nervous 
system in our aging population.36–41

When the diagnosis of PD is confirmed, the primary intervention 
includes a prescription of dopaminergic medications. The objective 
of treatment is to minimize the motor and non-motor signs/symptoms 
of PD, prevent physical inactivity, decrease falls, provide neuro 
protection and maintain functional independence despite potential 
disease progression. While medications address some of the motor and 
non-motor symptoms of the disease, these medications can become 
addictive42 and they do not predictably produce disease modifying 
effects.43 In fact, while some of the motor and non-motor symptoms of 
Parkinson’s disease are improved with dopaminergic therapy, others 
are minimally altered (e.g. depression, gastrointestinal dysfunction, 
orthostatic hypotension, cognitive dysfunction, freezing of gait, 
balance).44 Further, over time, some of these medications can lead to 
new impairments such as dyskinesias and dystonic movements.45,46

While there is increasing evidence PD is associated with early 
changes in neural structure, at this time, bio imaging is not considered 
a traditional diagnostic test for PD. Although informative structural 
information can be obtained from magnetic resonance imaging and 
F=dopa PE, it is not clear which imaging markers are most reliable 
for assessing clinical severity and rate of progression for PD.47–51 
Consequently, clinicians are left making the diagnosis of PD based 
on a thorough history, a detailed physical examination and clinical 
measurements.

Clinical measurements of balance are usually administered as part 
of the diagnostic procedures for PD. These measurements are also 
used to monitor the effectiveness of different intervention strategies. 
Thus, clinicians need reliable and sensitive clinical diagnostic PD 
measurements to facilitate the ability to make an early diagnosis of 
PD. The question is whether a common, standardized clinical balance 
test, the Timed Up and Go Test (TUG),52–54 is sensitive to discriminate 
individuals with mild to moderate PD (on dopaminergic medications) 
from healthy age matched controls. For this small pilot study, the 
null hypothesis was there would be no significant differences in 
performance on the TUG for age matched controls and individuals 
with mild to moderate PD managed with dopamine medications.

Methods
Participants

Individuals with mild to moderate PD were referred to participate in 

this pilot study from a neurologist in the private practice of Neurology, 
physical therapists in the Faculty Physical Therapy Practice and the 
Health and Wellness Center, University of California, San Francisco, 
School of Medicine (UCSF) and neurologists caring for patients in the 
UCSF Department of Neurology, Movement Disorders Clinic. The 
inclusion criteria were individuals: 

a.	 Diagnosed by a neurologist with mild to moderate PD (Hoehn and 
Yahr I-III) managed with dopaminergic medications.

b.	 21- 80 years of age.

c.	 Male or female.

d.	 Able to come to UCSF for testing.

e.	 Able to understand and carry out instructions in English or come 
with an interpreter.

f.	 Walk independently with or without an assistive device.

g.	 Were considered medically stable relative to other health problems.

h.	 Did not suffer any other neurological disease. 

The exclusionary criteria included individuals: 

i.	 With a neurological disease other than PD.

ii.	 Medically unstable cardiovascular, pulmonary, psychiatric or 
medical illnesses.

iii.	 Unable to walk independently (with or without an assistive device). 

iv.	 Unable to communicate in English or come with an interpreter. 

Age matched control subjects were recruited from family 
members of participants with PD, UCSF faculty members and staff 
and community members who heard about the study.

This study was approved by the UCSF Committee on Human 
Research. Seventeen participants with mild to moderate PD and17 
healthy, age matched controls provided signed consent to participate 
prior to baseline testing.

Measurements

Each participant completed a series of measurements based on 
scales, questionnaires and a self-reported medical history. The medical 
history included the self-report measures including Beck Depression 
Scale (BDI), Activity Balance Confidence Scale (ABC), Freezing of 
Gait Questionnaire, (FOG) Visual Analog Scale for Pain (VAS),55 fall 
history in the last 3 months and the Physical Performance Test (PPT).43 
In addition, standardized, performance based clinical tests of balance 
were administered (Timed up and Go [TUG]; selected components 
of the Berg Balance Scale [Functional Reach, 360o turning time, 
alternating foot to step, tandem standing and one foot standing with 
eyes open]), mobility (10 Meter Walk and Tinetti Gait Assessment.43,56 
The performance tests were administered by a blinded evaluator. All 
participants with PD were tested “on medication”. On the Tinetti 
Gait Assessment, one criterion was added: Symmetry of Arm Swing 
(2=symmetric; 1.0 near symmetric; and 0= absent symmetric arm 
swing [unilateral arm swing] bringing the total score to 14). The 
participants were asked to return for a second visit to complete the 
instrumental, dual task Timed up and Go (iTUG)57 and Five Times Sit 
to Stand (FTSTS).58

The blinded evaluator was a physical therapist or a research 
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assistant trained by the physical therapist and blinded to group 
assignment. Defined procedures were followed for each of the 
standardized tests. Participants were video-taped while walking 
during the 10 meter walk. The videotaped evaluation was used as a 
reference for the evaluator and the research assistant to administer the 
Tinetti Gait Inventory. Each rater independently applied the Tinetti 
criteria for gait quality with the two scores averaged for data analysis.

Each participant who returned for additional balance testing 
was videotaped while performing the Itug57 with and without dual 
tasking (e.g. carrying a cup of water and then counting backwards). 
Using a lap stopwatch (Ultrak496), two research assistants, blinded 
to group assignment, repeatedly viewed the video tapes and timed 
the components until inter rater agreement was reached within 5 
milliseconds for the total score.

The evaluator calculated the scores for all the independent 
variables. In addition, the evaluator entered the data into Excel 
(Microsoft) computer files. The accuracy of the scoring and the 
accuracy of the data entry were checked by the principal investigator.

Study design and data analysis

This was a cross sectional, study with two groups of participants. 
The two groups of subjects were compared descriptively on all 
dependent variables (mean and standard deviation). The differences 
in the descriptive variables for the two groups were evaluated for 
significance using the Two Sample Student T Test (p<0.05). The 
primary dependent variable of interest was the TUG score (total 
time in seconds). The TUG scores were compared to age norms with 
differences between the two groups tested for significance with the 
Two Sample Student t Test. (p<0.05) Excel: Mac2011 was used for 
data analysis.

Results
Description of differences in participant groups

Seventeen participants with dopamine managed mild-moderate 
PD (H&Y I-II) and 17 ages matched healthy participants (AMH) 
were recruited to the study. Two participants in each group were 
recruited by phone but then were unable to come for the evaluation 
session. Thus, 15 participants in each group completed planned study 
measurements. Seventy percent of the consented participants agreed 
to return for an additional visit for additional balance measurements 
(Five Times Sit to Stand and iTUG).59

For the participants with PD, the average time since the PD 
diagnosis was 2.87 (2.07) years with a mean Hoehn and Yahr Scale of 
1.13 (0.36) and a mean score on the Freezing of Gait of 3.42 (11.69). 
All of the participants with PD had a Hoehn and Yahr scale of I or II. 
The age matched participants and those with PD were similar in age 
and gender and there were no significant differences between the two 
groups in terms of falls in the last 3 months, severity of pain, number 
of painful areas and the number of over the counter medications. 
However, compared to participants with PD, age matched participants 
self-reported significantly less depression (BDI

score of 3.0age matched controls and 6.97PD), significantly higher 
ABC balance score (96.2%age matched controls versus 87.9%PD) 
and performed significantly less intense, regular physical exercise 
(minutes/week of 201.3 age matched controls and 316 PD). In 
addition, healthy age matched participants self-reported significantly 
more medical problems (4.27agematched and 2.89 PD) and indicated 
they were taking significantly more prescription drugs (4.8age 
matched and 2.6PD) than participants with PD (Tables 1) (Table 2).

Table 1 Summary of Subject Characteristics: 30 Subjects

Characteristics Age matched 
controls Subjects with mild to moderate PD Significant differences

Number 15 15 0

Age (years) Mean (SD) 68.1 (7.3) 65.8 (10.1) Not Sign

PD Duration Mean (SD) 0 2.87 (2.07 ) years NA

Hoehn and Yahr Level Mean (SD) 0 1.13 (0.36) years NA

Freezing (FOG Questionnaire)Mean ( SD) 0 3.42 (11.69) NA

Number of Falls in last 3 months Mean (SD) 0 0.2 (0.56) NS

Number of Prescription Drugs Mean ( SD) 4.8 (2.27) 2.6 (1.8 ) 2.14 Sign

Number of Over counter Meds Mean ( SD) 1.93 (1.83) 2.4 (1.4) NS

Number of Medical Diagnoses-Mean (SD) 4.27 (1.91) 2.89 (1.6) 4.11 Sign

Specific Diagnoses

Heart problems 3 4

Diabetes 2 1

HBP 8 5

High Cholesterol 2 0

Thyroid disease 4 2

Lumbar problems 4 5

Cervical neck problems 2 0
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Characteristics Age matched 
controls Subjects with mild to moderate PD Significant differences

Sleep problems 2 2

Cancer

Cancer breast 2 2

Cancer skin 1 2

Cancer Prostate 1 0

Cancer other 0 2

Migraines 1 0

Asthma 2 3

Allergies 3 1

Old fractures 1 1

Kidney stones 1 0

Labyrinthine problems 1 0

Depression 0 3

Osteoporosis 0 2

Pituitary problems 0 1

General arthritis 0 2

Krohn’s Disease 0 1

Visual Analog Scale Mean ( SD) 5.6 (5.98) 6.39 (6.22) NS

# Painful areas-Mean (SD) 1.67 (1.39) 1.53 (1.73) NS

Areas of Pain

Low back 6 10

Knee 4 2

Ankle 1 2

Shoulder 1 0

Neck 4 5

Wrist 0 1

Exercise Intensity (minutes/Week)Mean (SD) 201.3 (89.0) 316 (191.2) 3.15 Sign
NS, not significant. 

There were no differences between the groups for age and gender. Age matched controls had significantly more medical diagnoses and were taking significantly 
more prescription drugs than patients with mild to moderate PD. However, those with PD were exercising more intensely than age matched controls.

Table 2 Self Reported Depression, Freezing, Falls and Pain in Participants with Mild to Moderate PD and Age Matched Participants

Outcomes Beck 
depression

Abc (%) 
confidence

Fog freezing Falls last 3 
months

Total vas # painful 
areas

Age Matched Participants

Mean (SD) 3.0 (3.09) 96.2 (4.74) 0 0 5.6 (5.98) 1.67 (1.39)
PD Participants
Mean ( SD) 6.97 (0.43) 87.9 (16.6) 3.42 (11.7) 0.2 (0.56) 6.39 (6.22) 1.53 (1.73)
Difference score (Age Matched –PD)
Mean (SD ) -3.97 (1.37) 8.28 (2.62) -0.2 (0.14) -0.79 

(2.17)
0.59

T test -2.9 3.16 -1.39 -1.39 0.23
Significance Significant Significant NS NS NS

Participants with mild to moderate PD were more depressed and had lower balance confidence than age matched control participants.

Table Continued
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The age matched controls and the participants with PD performed 
similarly within age referenced norms in terms of gait speed (1.46m/
sec [0.56)] age matched controls and 1.31 [0.49PD]). However, the 
quality of gait was significantly lower for participants with PD (Tinetti 
Gait Inventory 13.5PD and 13.9age matched controls). Performance 

on selected items from the Berg Balance Test were within the age 
normative limits with no significant differences between the two 
groups (e.g. turning time, alternate stepping, functional reach, tandem 
balance, one footed balance) (Table 3).

Table 3 Mobility and Balance Differences in Age Matched Participants and Participants with Mild to Moderate PD

Performance measures
Age matched PD Difference (am-

PD) T 
test Significance

Mean (SD) Mean (SD) Mean (SD)

Mobility

10 meter walk (fast)*

Seconds 5.02 (0.62) 6.68 (3.75) 1.65 (0.99) -1.67 NS

Steps 12.6 (1.37) 13.5(1.49) -0.92 (0.52) 1.75 NS

Step length 0.80 (0.08) 0.76(0.08) 0.04 (0.03) 1.3 NS

Speed 1.46 (0.56) 1.31(0.49) 0.15 (0.19) 0.79 NS

Gait Quality (Tinetti)** 13.9 (0.28) 13.57(0.32) 0.33 (0.18) 1.83 NS

Balance

Berg Balance Scale (Selected Items)

360 o turn (norm < 4 secs) 1.90 (0.56) 2.08 (0.51) -0.17(0.195 -0.89 NS

Alternate foot to step (4x/foot) norm < 20 
secs) 6.18 (0.94) 6.77(1.33) -0.59(0.42) -1.39 NS

Functional reach (norm > 10 inches) 13.3 (1.94) 12.7 (1.8) 0.57(0.68) 0.83 NS

Tandem: One foot in front (norm > 30 secs) 30.0 (0) 27.9 (5.76) 2.09 (1.49) 1.41 NS

One footed balance eyes open ( norm > 10 
secs) 9.89 (1.58) 9.85 (0.59) -0.25(0.44) -0.58 NS

*Safe, fast walk.

**Added additional item on symmetry of arm swing bringing total score to 14.

Participants with mild to moderate PD and age matched controls performed similarly and within normal limits on gait speed, gait quality, 360o turning time, 
alternating foot stepping, functional reach, tandem balance and one footed balance.

Primary outcome measurement: TUG

Both age matched and PD participants completed the TUG 
(seconds) within age referenced performance levels (7.28age matched 
and 7.60PD seconds). These performance levels were not significantly 
different between the two groups of participants.

Secondary balance measurements

For the subgroup of participants completing the additional balance 
tests, performance levels on the FTSTS and the i TUG (no dual 
tasking, carrying water or counting) were within normal limits for 
both groups. There was no significant group difference in performance 
on neither the FTSTS nor the single task i TUG. However the overall 
timed dual task I TUG scores were significantly slower (p<0.05) for 
the participants with PD (7.75 seconds carrying water and 7.06 Seconds 
counting backwards) compared to the age matched participants (6.12 seconds 
carrying water and 5.86 seconds counting backwards) (Table 4) (Table 5).

Discussion
The null hypothesis for this study must be accepted. There were 

no significant differences in performance on the TUG between ages 
matched controls and patients with early PD. Thus, the TUG cannot 

be considered a sensitive clinical biomarker for diagnosing early PD 
in the clinic.

In the mobility and core balance measurements, age matched 
controls and participants with early PD performed at a level 
considered normal for their age without significant group differences. 
One question is whether the participants with early PD were 
performing similar to age matched controls because of dopaminergic 
medication therapy or because they were engaged in more intensive 
exercises60,61 relative to their age-matched counterparts. Interestingly, 
healthy controls performed within normative limits, but it is possible 
they did not perform even better because of more extensive health 
problems requiring multiple prescriptive medications. This pilot study 
should be repeated under several different scenarios. First, the study 
should include individuals with mild to moderate PD and age matched 
controls who were exercising a similar amount and taking a similar 
number of prescription medications. Second, there would need to 
be two PD groups, one group taking dopaminergic medications and 
matched PD participants who were not prescribed dopaminergic 
medications. It could be difficult to recruit subjects for this study.

The participants with PD were potentially performing at age norms 
in terms of mobility and balance because they were exercising more 
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intensely than the age matched controls. Seven of 15 controls were 
exercising between 120 and 180 minutes per week. Only 5 of the 
15 PD participants were exercising between 120 and 180 minutes 
per week. Eight of the 15 PD participants were exercising over 
300 minutes/week. When the 3PD participants with PD who were 
exercising >600 minutes/week were removed from the calculation of 
the mean exercise level, the patients with PD were still exercising 

significantly more intensely than age matched controls (233 minutes/ 
week). To determine the benefits of exercise for maintaining mobility 
and balance, this study would need to be repeated with a large sample 
of age matched controls and participants with mild to moderate 
PD who participated in a broad range of exercise levels (e.g. less 
than, equivalent to and more than the 120-150 minutes/week as 
recommended by the Center for Disease Control).

Table 4 TUG and Component TUG (iTUG) with and Without Dual Tasking (Counting Backwards and Carrying Water)

Conditions I Stand 2 Step 3 walk 4 Turn 5 Walk 6 Turn 7 Sit Total

Single Task TUG (seconds) 
(N=24)

Age Matched Mean (SD) 0.81 (0.196) 0.59 (0.12)
1.34 
(0.36)

0.98 
(0.32)

1.92 
(0.32)

0.66 
(0.186)

0.57 
(0.12)

6.87 (1.11)

PD Mean (SD) 0.83 (0.25) 0.59 (0.11)
1.44 
(0.37)

1.14 
(0.40)

2.04 
(0.40)

0.72 
(0.24)

0.61 
(0.16)

7.38 (1.43)

Mean Diff AM-PD (SD) -0.02 (0.08) -(0.002) 
(0.09)

-0.10 
(0.125)

-0.154 
(0.13)

-0.12 
(0.13)

0.05 
(0.08)

-0.002 
(0.06)

-0.64 (0.44)

T Test Significance -0.25 -0.02
-0.8 -1.18 -0.92 0.6 0.03 -1.45 NS

Dual Task Water(seconds)

Age Matched Mean (SD) 0.93 (0.31) 0.59 (0.21)
1.17 
(0.31)

0.97 
(0.27)

1.52 
(0.22)

0.82 
(0.47)

0.59 
(0.14)

6.60 (0.81)

PD Mean (SD) 1.06 (0.24) 0.68 (0.16)
1.54 
(0.49)

1.46 
(0.43)

1.82 
(0.35)

1.05 
(0.50)

0.685 
(0.16)

8.30 (1.06)

Mean Difference (AM-PD) -0.14 (0.13) -0.04 (0.09)
-0.56 
(0.38)

-0.43 
(0.49)

-0.31 
(0.30)

-0.12 
(0.24)

-0.07 
(0.096)

-1.57 (0.44)

T Test Significance -0.65 -0.68 -1.47 -1.95 -1.5 -0.68 -0.92 -3.56 Sign

Dual Task Counting

Age Matched Mean (SD) 1.05 (0.17) 0.57 (0.07)
1.00 
(0.32)

0.94 
(0.18)

1.39 1.32 
(0.38)

0.53 
(0.09)

6.78 (0.29)

PD Mean (SD) 1.19 (0.29) 0.67 (0.14)
1.48 
(0.48)

1.25 
(0.41)

1.78 
(0.46)

0.96 
(0.46)

0.62 
(0.11)

7.89 (1.24)

Mean Difference (AM-PD) - 0.128 
(0.21)

-0.102 (0.12)
-0.479 
(0.18)

-0.309 
(0.24)

-0.392 
(0.24)

0.358 
(0.38)

-0.09 
(0.09)

-1.11 (0.43)

T Test Significant -0.6 -0.83 -2.61 -1.28 -1.65 0.95 -1.04 -2.58 Sign

Note On the standardized TUG, both age matched controls and those with mild to moderate PD performed within normal limits (7.28 [1.03] sec and 7.60 
[1.51] seconds).

On the single task iTUG there were no significant differences in performance for participants with mild to moderate PD and age matched controls. On the 
dual task iTUG, both age matched controls and participants with PD performed within normal limits. However age matched controls performed the two dual 
task iTUG more efficiently than participants with mild to moderate PD. Age matched controls also walked faster on the first 10 feet component of the iTUG 
while counting.

Table 5 iTUG Mean Walk Time (10 feet) and iTUG Mean Turn Time (360o) Compared to 10 Meter Walk Time and Isolated 360o Turning

iTUG Components 
(seconds)

Walk Time 1 3.3meters 
(m/sec)

Walk Time 2 3.3meters 
(m/sec)

Turn Time 1 360o 
(seconds)

Turn Time 2 360o 
(seconds)

Age Matched Controls 
(AMC)

Mean (SD) 2.55 (1.75) 1.61 (0.28) 205.84 (76.15) 294.89 (81.19)

PD Participants

Mean (SD) 2.19 ( 0.48) 1.52 (0.27) 176.49(60.48) 271.04 (72.84)

Difference (AMC-PD) Mean 
(SD) 0.36 (0.47) 0.09 (0.10) 29.35 (25.1) 23.85 (28.16)
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iTUG Components 
(seconds)

Walk Time 1 3.3meters 
(m/sec)

Walk Time 2 3.3meters 
(m/sec)

Turn Time 1 360o 
(seconds)

Turn Time 2 360o 
(seconds)

T test 0.77 0.92 1.16 0.85

Sign NS NS NS NS
10 Meter Walk Velocity (m/
sec) Isolated 360 Turning Speed Degree/sec

Age Matched (AMC)

Mean (SD) 2.16 (0.38) 1.56(0.23) 186.6 (61.8) 275.0 (60.45)

PD Participants (PD)

Mean (SD) 2.2 (0.44) 1.53 (0.29) 168.4 (46.2) 257.2 (67.46)

Difference (AMC-PD) Mean 
(SD) 0.04 (0.17) 0.03 (0.26) 18.2 (69.9)

17.8 (64.5)

T test 0.24 0.12 0.26 0.28

Sign NS NS NS NS

Both healthy age matched participants and participants with PD walked more slowly on the return walk back to the chair on the three i TUG tests and the first 
turn was slower than the second turn as they approached sitting in the chair. Although the differences were not significant, participants with PD turned more 
quickly than age matched controls.

Table Continued

Interestingly, those with H and Y level II exercised an average 
of 508 minutes/week. The descriptive correlation between exercise 
level and the Hoehn and Yahr scores was 0.5939 (Spearman Rank 
Correlation). This correlation suggests those with higher H and Y 
scores were exercising more intensely per week than those classified 
as H and Y Level I. It is not clear if each participant independently 
discovered they felt better when they exercised or whether the 
individual read about the benefits of exercise and were self-directed 
to exercise more or whether their physician recommended more 
aggressive exercise. A large randomized controlled trial comparing 
the neuroprotective benefits of comprehensive exercise program 
that integrates gait training, cardiovascular, strengthening, range of 
motion, balance, sensorimotor, fine motor and cognitive exercises.62

Dopamine medications modify some but not all motor and non-
motor signs and symptoms of PD. Thus, taking dopamine medications 
may interfere with the ability to distinguish patients with mild PD 
from age matched control individuals. To determine the contribution 
of the dopamine medications to mobility and balance performance, 
another study is needed which would include age matched controls, 
individuals with mild to moderate PD who were not taking 
dopaminergic medications and similar PD patients who were taking 
dopaminergic medications.

There was an interesting secondary finding in this study. The 
Timed Up and Go Test (TUG) is a standardized clinical measurement 
of balance applied across a broad base of elderly patients with and 
without known neurological disease.63,64 This pilot study suggests 
the standardized TUG is not very sensitive in measuring differences 
between older individuals with or without mild PD. The TUG does 
not integrate dual tasking and it is usually performed in most clinics 
using a stopwatch which makes it difficult to time the different 
components of the test. Even when a lap stopwatch is used, more 
than one evaluator is needed to assure accuracy when timing the 
components. Today there are a number of computer generated tests 
for the TUG where sensors are placed on the extremities to document 
time and acceleration.

Study limitations
There were a number of limitations to this study. First, the 

number of participants was small and not randomly selected from 

the population at large, limiting generalizability to all people with 
mild to moderate PD. Considering patients with a Hoehn and Yahr 
Score between I to II as representative of mild to moderate PD was a 
subjective reference. There may not be an “average patient with mild 
to moderate PD”. The participants with PD in this study may have 
been unique based on the self- reported level of exercise.65 Although 
the focus of this study was on participant performance on the TUG, 
multiple standardized balance measurements were administered to 
all participants (Functional Reach, 360o turning, one footed balance, 
tandem romberg). All participants with PD and healthy age matched 
controls performed these tests within normal limits. Thus, it may 
be the participants were generally fit, despite PD and had above 
average performance. This is a limitation if the TUG or i TUG is used 
in an intervention study given it would be unlikely to measure and 
minimally clinically significant gain following treatment. The MDC 
for patients with Parkinson’s disease is reported to be 3.5 seconds.66

Another limitation of this study was the individuals with PD 
included in this study may not have represented a typical individual 
with mild to moderate PD.67 This would make it difficult to replicate 
the study findings. This study was a cross sectional descriptive study 
and not a longitudinal study. It would be informative to determine if, 
over time, the performance on the TUG and the iTUG deteriorated for 
all participants because of age or whether deterioration would have 
been uniquely more severe in those with PD. Although all participants 
were invited to return for additional balance testing at no cost, 
only70% of the participants in both groups returned for testing with 
the i TUG and the FTSTS. There may have been something unusual 
about those who agreed to return for the additional testing, raising 
question about the representativeness of the cooperative group.

Summary and conclusion
This pilot study provides evidence individuals with mild to 

moderate PD who take dopamine medications and exercise regularly 
and frequently perform within normal limits on the TUG Test and 
similar to age matched controls. To differentiate individuals with 
mild to moderate PD from age matched controls, balance assessment 
would be more sensitive as a clinical biomarker with dual tasking and 
component analysis using the instrumental TUG (i TUG).
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