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Abstract
Gait and balance impairments in people with Parkinson disease (PD) may lead to falls and serious
injuries. Therefore, it is critical to improve our understanding of the nature of these impairments,
including how they respond to prescribed anti-Parkinson medication. This is particularly important
for complex balance and gait tasks that may be associated with falls. We evaluated motor function,
functional balance, and gait performance during various gait tasks in 22 people with PD off and on
medication (PD OFF, PD ON) and 20 healthy older adults. Although MDS-UPDRS-III score,
Berg Balance Scale, mini-Balance Evaluations Systems test, and Timed-Up-and-Go improved in
PD with medication, impairments persisted in all measures on medication, compared to controls.
Dual task Timed-Up-and-Go did not improve with medication, and PD ON required more time
than controls. Gait velocity and stride length improved similarly with medication in PD across
forward, fast, backward, dual task forward, and dual task backward gait tasks. Cadence did not
change with medication, nor did it differ between PD ON and controls. Velocity and stride length
were reduced in PD ON compared to controls. Velocity reductions in PD ON during fast gait were
cadence-mediated, while velocity reductions in backward gait were stride length-mediated. Our
results suggest functional balance improves with medication in PD and gait performance improves
with medication, regardless of task complexity. Remaining impairments on medication highlight
the need to examine additional therapeutic options for individuals with PD to reduce the risk of
falls.
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Introduction
Parkinson disease (PD) is a progressive neurodegenerative disease, and cardinal symptoms
include tremor, rigidity, bradykinesia, and postural instability. Individuals with PD
commonly experience gait and postural stability impairments which may lead to falls,
mobility loss, and reduced independence [1]. PD is characterized by progressive loss of
dopaminergic neurons in the substantia nigra pars compacta. Motor symptoms of PD are
most commonly treated pharmacologically with levodopa, a dopamine precursor. After
prolonged levodopa treatment, motor response fluctuations often develop, resulting in sub-
optimal medication benefits during portions of the medication cycle [2].

It is unclear how medications affect postural stability and balance in PD. Impairments in
postural stability and balance have been detected in PD, regardless of medication status,
using static and dynamic posturography [3–5], perturbation responses [6,7], and clinical
balance assessments, including the Berg Balance Scale (BBS) [8,9]. The few studies that
have evaluated balance off and on medication within a group to determine whether balance
improves with medication have reported mixed results. Nova et al. [10] reported levodopa
improved balance, measured by the Berg Balance Scale, in PD. In contrast, other studies
suggest levodopa has minimal or perhaps even detrimental effects on postural stability and
balance. Specifically, though levodopa improved limits of stability in the forward direction,
it did not affect other important aspects of postural stability, including backward limits of
stability, postural alignment, leaning velocity, and center of mass and center of pressure
during preparation for leaning [3]. Further, early and late automatic postural responses upon
backward perturbation are deficient in PD [7]. Early responses improve only slightly with
medication, while later responses are not affected, implying levodopa does not substantially
improve balance in PD [7]. Levodopa has also negatively impacted responses to postural
displacements in PD by impairing response magnitude scaling, and reducing in torque and
EMG magnitude [11].

In addition to balance deficits, reductions in preferred-pace forward gait velocity and stride
length are well-documented in PD OFF and ON compared to controls [12,13], while reports
regarding preferred-pace cadence are more varied. In daily life, individuals often face gait
situations more complex than the forward walking at a comfortable pace, which is most
commonly studied. Aspects of simple preferred-pace forward walking, including velocity
and stride length, improve with dopaminergic medication [12]. However, it is unclear
whether or not medication substantially improves performance of more complex gait tasks,
such as walking backward or walking while completing concurrent tasks. These complex
gait tasks are frequently encountered in daily activities and may increase fall risk in PD.

Evidence regarding complex gait tasks is relatively sparse. During fast as possible walking,
velocity [1,14,15], stride length [1,14,15] and cadence [14] are reduced in PD OFF [15] and
ON [1,14,15], compared to controls. Levodopa improves fast gait velocity and stride length
in PD, while cadence remains unchanged [15]. During backward walking, PD ON and
controls reduce velocity and stride length, while maintaining a similar cadence, compared to
forward walking [16]. Backward gait velocity and stride length are also reduced in PD ON,
compared to controls [16]. The effects of medication on backward walking are unknown.
When people with PD on medication engage in a secondary task while walking forward,
velocity and stride length decrease [17]. Similar to forward gait, backward gait also degrades
in controls and PD ON with the addition of a secondary task, but the added task more
severely affects forward and backward gait in PD[18]. Nearly all dual task studies have been
performed in PD on medication. As a result, it is unclear how medication affects dual task
forward or backward gait or if potential changes with medication are similar to those in
single task walking.
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It is important to better understand balance and gait impairments in PD because these
deficits may increase the likelihood of falls and serious injuries. Further, individuals with
PD likely respond to challenging balance and gait situations in daily life during both optimal
and sub-optimal medication response [19], and relatively little is known about performance
of these tasks in the off-medication state. The present study aimed to address several deficits
in our current understanding of medication effects on balance and complex gait tasks in
individuals with PD. We hypothesized improvements would occur in clinical balance
measures and preferred-pace gait in PD with medication, while other more complex gait
tasks would not improve or would improve to a lesser extent. Secondarily, we aimed to
determine if balance deficits were present and if certain gait tasks were more impaired in PD
ON, compared to healthy older adults (controls). We expected that even on medication,
those with PD would exhibit balance deficits and impairments across all gait tasks,
compared to controls.

Methods
Participants

We recruited 29 participants from the Movement Disorders Center at Washington University
who had been diagnosed with idiopathic Parkinson disease. Inclusion criteria for PD
participants were: currently taking levodopa for PD with good drug response, ambulatory,
no prior brain surgery, MMSE score ≥ 24, and no recent surgeries or injuries affecting
movement. Of the 29 people with PD recruited, data were excluded for 5 who did not
experience substantial motor benefit with medications (Movement Disorders Society
Unified Parkinson Disease Rating Scale-III (MDS-UPDRS-III) [20] score improvement <
20% from off to on), and 2 with MMSE scores less than 24. We also recruited 21 healthy
older adults (controls) without PD. Inclusion criteria for controls were: ambulatory, MMSE
score ≥ 24, no recent surgeries or injuries affecting movement, and no history or symptoms
of neurological diseases. One control was excluded due to presence of tremor possibly
indicative of a neurological disease. A total of 22 participants with PD and 20 controls were
included in analyses. All individuals with PD were taking a carbidopa/levodopa medication
(LEDD: 968.4±603.7). Additionally, 2 were taking amantadine, 2 rasagiline, 4 ropinirole,
and 1 entacapone. Participants provided written informed consent prior to participation, and
this study was approved by the Washington University Human Research Protection Office.

Data Collection and Analysis
Participants were tested on one day. All tasks were completed once in controls and twice in
PD, first off (after overnight withdrawal from PD medications) and then on medication
(about 50 minutes after taking medication). The MDS-UPDRS-III motor scale was given
prior to initial testing to assess overall motor impairment.

Participants completed the Activities-Specific Balance Confidence (ABC) Scale [21] once
during testing. Postural stability was assessed by the same physical therapist for all
participants using two different clinical balance tests: the Berg Balance Scale (BBS) [22]
and the Mini-Balance Evaluations Systems Test of dynamic balance (mini-BESTest) [23].
Timed-Up-and-Go (TUG) and dual task TUG (DT-TUG) times were extracted from the
mini-BESTest to measure functional mobility with and without a dual task. The dual task
was random number listing. BBS scores, mini-BESTest scores, TUG, and DT-TUG were
compared in PD OFF and ON with paired T-tests. Independent T-tests were used to compare
BBS scores, mini-BESTest scores, TUG, and DT-TUG between PD ON and controls.
Bonferroni corrections were used for multiple comparisons across balance and functional
measures. If data were not normally distributed, values were log-transformed or equivalent
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non-parametric statistics were used. We ran Pearson correlations to assess relationships
between balance confidence (total ABC score) and mini-BESTest and BBS scores.

Gait was evaluated using a 4.8m GAITRite instrumented walkway (CIR Systems,
Havertown, PA). Participants performed three trials each of preferred-pace forward (Fwd),
fast as possible forward (Fast), preferred-pace backward (Bkd), and preferred-pace dual task
forward (DT-Fwd) and backward (DT-Bkd) gait. The order of gait tasks was randomized for
each participant to avoid crossover effects. During dual task trials, participants walked
forward or backward at preferred pace while completing a phonemic listing task (list words
starting with a certain letter). A different letter was given for each trial, and correct words
and errors were quantified. Letters were grouped with two consonants and one vowel (JOF,
PAS, NID, GYC, REB, MUW). Letter groups were balanced based on first letter frequency
in words within the English language to form groups of equivalent difficulty, and letter
groups were randomly assigned for dual tasks for each participant. Seated cognitive task
performance was tested in three 10 second trials. For each gait task, three trials were
averaged for each participant. Velocity was the primary gait variable, and stride length and
cadence were also examined. Repeated measures ANOVAs were used to evaluate gait
variables across five gait tasks in PD OFF and ON. Mixed model ANOVAs were used to
assess gait variables across the five gait tasks in PD ON and controls. Greenhouse-Geisser
corrections were used for sphericity violations.

Results
Functional Measures and Balance

Participant characteristics are shown in Table 1, and all results are summarized in Table 2.
MDS-UPDRS-III improved in PD with medication (t(21)=7.83, p<0.001). Further, BBS (Z=
−2.25, p=0.05) and mini-BESTest scores (t(21)= −2.96, p=0.01) improved with medication
(Fig 1A,B). TUG time (Fig 1C) decreased with medication (t(21)=3.46, p=0.004), but DT-
TUG time (Fig 1D) did not improve (t(21)= −1.17, p=0.52).

All functional and balance measures, including mini-BESTest scores (t(40)=3.54, p=0.002),
BBS (U=96.6, p=0.002), TUG time (t(40)= −2.60, p=0.03), and DT-TUG time (t(40)=
−3.42, p=0.002), were impaired in PD ON compared to controls.

Overall, performance on the mini-BESTest (r=0.66, n= 64, p<0.001) and BBS (r=0.58,
n=64, p<0.001) were correlated with total ABC score, indicating better performance on each
balance measure was related to higher balance confidence. Further, mini-BESTest scores
were significantly correlated with BBS scores (r=0.83, n=64, p<0.001). Though results were
similar using either balance test, scores for the BBS tended to cluster toward the top of the
range for all groups, suggesting a ceiling effect, compared to mini-BESTest scores (Fig 2).

Gait
One participant was unable to walk backward independently off medication, and was
excluded from gait analyses. Seated and DT-Fwd phonemic listing performance (correct
word rate and error rates) did not differ between PD ON and OFF or between PD ON and
controls (p>0.05). Correct word rate during DT-Bkd gait improved in PD with medication
(p=0.003), but correct word rate did not differ between PD ON and controls, and error rates
did not differ in either comparison (p>0.05).

When comparing gait tasks between PD OFF and PD ON, medication was associated with
increased velocity (F(1,20)=6.73, p=0.017) and increased stride length (F(1,20)=5.88,
p=0.025). Cadence (F(1,20)=0.015, p=0.90) was not affected by medication. There were
significant effects of gait task on velocity (F(2.20,43.98)=198.72, p<0.001), stride length
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(F(2.17,43.42)=210.16, p<0.001), and cadence (F(2.20,43.89)=28.34, p<0.001). For velocity
and stride length, differences were detected in all pairwise comparisons (p<0.05), and values
were highest during Fast gait, followed by Fwd, DT-Fwd, Bkd, and DT-Bkd. Cadence was
higher in Fast gait, compared to other gait tasks (p≤0.001). Cadence was also higher in Fwd
compared to DT-Fwd (p<0.001), and Bkd compared to DT-Bkd (p=0.01). There were no
significant interactions.

Comparisons between PD ON and Controls indicated significant group effects for velocity
(F(1,40)=4.30, p=0.045) and stride length (F(1,40)=4.19, p=0.047), where each was higher
in controls. Cadence (F(1,40)=0.10. p=0.75) did not differ between groups. There were
significant effects of gait task on velocity (F(2.62,104.68)=281.37, p<0.001), stride length
(F(2.24,89.74)=311.86, p<0.001), and cadence (F(2.38,95.13)=68.51, p<0.001). For velocity
and stride length, differences were detected in all pairwise comparisons (p<0.001), and
values followed the same pattern described previously. Cadence followed a similar pattern
(p<0.01), except there were no differences between Fwd and Bkd gait (p=1.0), nor between
DT-Fwd and DT-Bkd gait (p=1.0). There was a significant interaction for velocity
(F(4,37)=4.68, p=0.001), where controls were faster than PD ON during Fwd (p=0.05), Fast
(p=0.018), and Bkd (p=0.005) gait. Further, there was an interaction for stride length
(F(4,37)=4.38, p=0.002), where controls had longer strides than PD ON during Bkd
(p=0.002) and DT-Bkd (p=0.022) gait. There was also a significant interaction for cadence
(F(4,37)=3.68, p<0.001), where controls used a higher cadence during Fast gait (p=0.003).

Discussion
Balance and complex gait performance were evaluated in people with mild to moderate PD
OFF and ON PD medication. Additionally, performance was compared between PD ON and
controls to determine if impairments remained even when on medication. MDS-UPDRS-III,
TUG, and balance test scores improved in PD with medication. Deficits remained in all
functional and balance measures in PD ON compared to controls. Gait velocity and stride
length improved similarly in PD ON across gait tasks, but impairments in these gait
parameters persisted on medication compared to controls. Cadence did not change with
medication, nor did it differ between controls and PD ON.

Functional Measures and Balance
As previously documented, MDS-UPDRS-III scores [24] and TUG [8,25] improved with
medication. Though TUG and DT-Fwd gait improved with medication, DT-TUG time did
not improve significantly. However, on average, DT-TUG time was reduced on medication.
Also, different concurrent tasks were used for the DT-TUG (random number listing) and
DT-Fwd (phonemic listing) tasks. It is possible that differential effects of medication may
relate to differences in the dual tasks used.

As expected, and in agreement with a previous study [8], balance improved with medication
according to both the BBS and mini-BESTest. This suggests functional balance does
improve with prescribed dopaminergic medication in PD. However, these results conflict
with prior studies reporting levodopa has little effect [3,7] or negative effects on postural
stability and balance [11], predominantly measured with posturography. Balance is a
complex motor behavior involving various components, some of which may be more
levodopa-responsive. For example, the five mini-BESTest items assessing balance during
gait tasks accounted for 46% of the average mini-BESTest score improvement with
medication. Additionally, the two BBS items involving turning accounted for 52% of the
average BBS score improvement from off to on. Aspects of gait [12,15] and turning [26] are
known to improve with medication. Alternatively, aspects of postural stability, particularly
those measured more precisely via posturography, may be more impacted by levodopa-
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induced dyskinesias, which may trigger instability or falls [27]. Only two of our 22
participants exhibited dyskinesia so this likely did not compromise balance in this study, but
may factor into previous studies.

Gait
Our study was novel in evaluating medication effects across various gait tasks, including
backward, dual task forward, and dual task backward gait. We expected robust
improvements in forward and fast gait with medication, and less pronounced improvements
in other, more complex gait tasks that may be controlled by neural systems distinct from
those for simple forward walking [28,29]. Contrary to our hypothesis, similar improvements
in velocity and stride length occurred across all gait tasks, regardless of complexity, while
cadence was unchanged [12,13]. Individuals with PD are thought to exhibit reduced gait
velocity due to difficulty with internal, automatic control of stride length [14]. Internal stride
length control may be impaired because of deficits in motor cue production at the level of
the basal ganglia or deficits in motor planning and preparation involving basal ganglia-
supplementary motor area connections [14]. Dopaminergic medications may improve
general gait performance in PD by facilitating stride length control.

As anticipated, based on evidence that backward movements are particularly impaired in
PD, performance was worse in backward than in forward gait tasks. Deficits in Bkd walking
velocity have been reported in a group of people with PD whose forward walking velocity
was similar to controls [16]. Backward walking deficits may be particularly important, as
many falls in those with PD occur following backward perturbations or during backward
movements [6]. Like backward walking, dual task walking was also impaired in the PD
group and improved with medication. This is consistent with previous literature [17,30].
Secondary task performance was similar off and on medication except in DT-Bkd, where
both gait and cognitive tasks improved on medication. The cognitive dual task performance
was similar between PD ON and controls in seated, DT-Fwd, and DT-Bkd trials. Individuals
were equally able to complete the task, and dual task performance was not sacrificed in
favor of locomotor tasks in any group. Cadence was also similar between groups for all gait
tasks, but gait velocity and stride length remained impaired in PD ON [1,13]. Impairments in
spatial gait parameters in PD ON were consistently present across various gait tasks,
compared to controls. Interaction effects indicated reductions in gait velocity in PD ON
during fast gait were cadence-mediated whereas reductions in velocity in PD ON during
backward gait were stride length-mediated.

Conclusions
Our results suggest that anti-Parkinson medications enhance overall functional balance and
improve performance of various gait tasks similarly regardless of task complexity. Though
performance improved with medication, substantial impairments in balance and gait
remained in PD ON compared to controls. These remaining impairments may contribute to
balance loss and falls in this population, and future research should continue investigating
novel treatment options and strategies to improve gait and balance in PD.
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Highlights

• Medication effects on balance and complex gait were examined in Parkinson’s
disease.

• Clinical balance measures improved with medication.

• Complex gait tasks improved similarly with medication, regardless of task
complexity.

• Deficits remained in all gait and balance measures in PD on medicine versus
controls.
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Figure 1.
Balance and Functional measures including BBS (A), mini-BESTest (B), TUG (C), and DT-
TUG (D) are compared between PD OFF and ON medication, as well as between PD ON
and Controls. BBS, mini-BESTest, and TUG improved in PD with medication. Impairments
were detected in all measures in PD ON compared to Controls. Error Bars are SD. *p≤0.05,
**p≤0.01, ***p≤0.001.
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Figure 2.
Frequency distribution of scores for the BBS (A) and mini-BESTest (B) are shown for PD
OFF, PD ON, and Controls. Scores on the BBS tended to cluster at the upper end of the
range for all groups, compared to the more normal distribution in mini-BESTest scores,
suggesting the possibility of ceiling effects with the BBS.
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Figure 3.
Gait analyses compared gait velocity (A), stride length (B), and cadence (C) between PD
OFF and ON medication, as well as between PD ON and Controls. Velocity and stride
length improved with medication in PD, while cadence did not change. Velocity and stride
length were impaired in PD ON vs. Controls. Impairments in Bkd and DT-Bkd velocity in
PD ON vs. Controls were likely mediated by reduced stride length, while deficits in Fast
velocity were likely mediated by reduced cadence. Error Bars are SD, * indicates p<0.05.
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Table 1

Participant Characteristics

PD OFF PD ON CN

Total n 22 20

Age (yrs) 71.3 ± 7.6 72.1 ± 6.1

Males/Females 13/9 10/10

MMSE 28.0 ± 1.8 28.7 ± 1.2

ABC Scale 74.3 ± 18.1 92.9 ± 11.2

Disease Duration (yrs) 7.0 ± 4.2 NA

MDS-UPDRS-III 38.1 ± 9.2 25.3 ± 6.9 NA

H&Y Stage 2.4 ± 0.3 2.2 ± 0.3 NA

Values are M ± SD. OFF medication H&Y scores were 2 for 6 participants, 2.5 for 13 participants, and 3 for 3 participants. ON medication H&Y
scores were 2 for 15 participants, 2.5 for 6 participants, and 3 for 1 participant.
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Table 2

Gait and Balance in PD OFF and ON Medication and Controls

PD OFF PD ON CN

Balance Tests n = 22 n=20

Berg Balance Scale*+ 52.0, 5 53.5, 4 55.0, 2

Mini-BESTest*+ 21.6 ± 4.1 23.1 ± 4.3 27.3 ± 3.0

TUG*+ 12.4 ± 3.4 10.9 ± 2.1 9.3 ± 1.7

DT-TUG+ 15.4 ± 5.8 14.2 ± 5.4 10.0 ± 2.1

Gait Tasks n=21 n=20

Velocity (cm/sec)*+•

 Fwd▲ 107.1 ± 19.7 112.6 ± 15.7 122.2 ± 19.0

 Fast▲ 153.6 ± 33.2 157.7 ± 28.9 182.4 ± 14.1

 Bkd▲ 63.0 ± 24.9 68.6 ± 20.4 85.2 ± 29.4

 DT-Fwd 83.4 ± 25.4 94.6 ± 23.6 91.8 ± 22.9

 DT-Bkd 47.9 ± 26.3 54.5 ± 21.9 64.2 ± 25.6

Stride Length (cm)*+•

 Fwd 121.6 ± 17.1 126.7 ± 12.5 131.2 ± 15.3

 Fast 145.3 ± 22.4 148.2 ± 18.5 153.0 ± 25.0

 Bkd▲ 69.4 ± 24.7 77.4 ± 19.1 95.3 ± 22.7

 DT-Fwd 105.3 ± 23.6 114.5 ± 18.8 117.7 ± 18.6

 DT-Bkd▲ 59.6 ± 29.8 68.2 ± 21.1 85.5 ± 24.1

Cadence (steps/min)•

 Fwd 107.6 ± 12.8 107.0 ± 9.5 112.0 ± 10.4

 Fast▲ 126.2 ± 14.1 127.9 ± 15.8 142.4 ± 15.5

 Bkd 109.6 ± 21.2 108.5 ± 18.0 111.8 ± 29.4

 DT-Fwd 95.8 ± 13.5 98.6 ± 13.0 93.5 ±16.5

 DT-Bkd 106.5 ± 23.1 104.8 ± 33.9 96.6 ± 20.0

Values are means ± standard deviations for all values except Berg Balance Scale, where medians and interquartile ranges are listed.

*
Significant medication effect for PD OFF vs. PD ON

+
 Significant group effect for PD ON vs. CN

•
 Significant gait task effect for PD OFF vs. PD ON, as well as PD ON vs. CN

▲
 Significant group × gait task interaction for PD ON vs. CN
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