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Abstract.
Background: Balance impairment is a frequent cause of morbidity and mortality in people with Parkinson’s disease (PD).
As opposed to the effects of appendicular motor symptoms, the effects of Levodopa on balance impairment in idiopathic PD
are less clear.
Objective: To review the literature on the effects of oral Levodopa on clinical balance test performance, posturography, step
initiation, and responses to perturbation in people with idiopathic PD (PwPD).
Methods: A systematic search of three scientific databases (Pubmed, Embase, and Web of Science) was conducted in
accordance with PRISMA guidelines. For the pilot meta-analysis, standardized mean differences with 95% confidence
intervals were calculated using an inverse variance random effects model. Data not suitable for implementation in the
meta-analysis (missing means or standard deviations, and non-independent outcomes) were analyzed narratively.
Results: A total of 2772 unique studies were retrieved, of which 18 met the eligibility criteria and were analyzed, including
data of 710 idiopathic PwPD. Levodopa had a significant positive effect on the Berg Balance Scale, the Push and Release
test, and jerk and frequency parameters during posturography. In contrast, some significant negative effects on velocity-based
sway parameters were found during posturography and step initiation. However, Levodopa had no significant effect on most
step initiation- and all perturbation parameters.
Conclusion: The effects of Levodopa on balance in PwPD vary depending on the outcome parameters and patient inclusion
criteria. A systematic approach with well-defined outcome parameters, and prespecified, sensitive and reliable tests is needed
in future studies to unravel the effects of oral Levodopa on balance.
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INTRODUCTION

The diagnosis of Parkinson’s disease (PD) fol-
lows the observation of cardinal motor symptoms
(tremor, rigidity, akinesia, and postural instability),
leading to a reduction in active life participation
and quality of life (QOL) [1–3]. Postural instability
with increased postural sway and impaired reac-
tion to external perturbations may result in impaired
balance, especially in dual task conditions [4]. In
addition, medication use, orthostatic hypotension,
age, cognitive, vestibular, and visual impairments
may aggravate reduced balance performance [5–9].
Studies on balance impairment and (other identify-
ing factors of) recurrent falls indicated that about
60–80% of people with PD (PwPD) fall at least once
and that 39% experience multiple fall episodes, with
23% sustaining a fracture as a result [10]. The impact
of falls and fear of falling on QOL is highly recog-
nized, which underlines the necessity to investigate
the consequences of mediating factors on balance
performance in PwPD [7,10–14].

Currently, oral Levodopa preparations, either in
monotherapy or in combination therapy, are the most
prescribed drugs to suppress motor symptoms in PD
[15–17]. Levodopa has proven to significantly reduce
the risk of death, independent of pre-Levodopa dis-
ease duration, with the strongest reduction in the
first months after initiation of medication [18, 19].
In Levodopa naı̈ve PwPD, Levodopa improves motor
symptoms both in ON state (i.e., medication state of
Levodopa with optimal effect) and in OFF state (i.e.,
overnight withdrawal), compared to the natural pro-
gression of PD [20]. It is important to note that the
OFF state reported in most studies in fact refers to
a partial OFF state, as motor symptoms can be (par-
tially) suppressed up to two weeks after intake [21].
Furthermore, Levodopa treatment resulted in a 31%
lower annual decline in UPDRS-III score compared
to the natural progression [20]. Nevertheless, despite
a substantial number of studies reporting generally
positive effects of Levodopa to suppress motor symp-
toms, results from studies specifically investigating
postural control are often conflicting. Some studies
state that Levodopa improves balance performance in
PwPD [22, 23], while others report a negative effect
of Levodopa [24, 25]. For example, in a previous
study Curtze et al. found that certain gait parameters
like gait velocity and stride length can improve with
Levodopa treatment, while indicators for balance like
postural sway appeared to deteriorate. This could be
attributable to differences in Levodopa responsive-

ness between the neutral circuits that control motor
tasks such as gait and balance [26]. Ultimately, there
is currently little to no consensus on the effects of
Levodopa on balance during postural tasks and chal-
lenges specifically.

This systematic review with pilot meta-analysis
aims to address these seemingly conflicting results
regarding the effects of oral Levodopa intake on bal-
ance performance in idiopathic PwPD by providing
a concise and comprehensive overview of the exist-
ing literature. To the best of our knowledge such a
systematic review has not been published yet.

METHODS

Protocol and registration

This systematic review was conducted and
reported in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) [27]. The review protocol was speci-
fied in advance and registered in PROSPERO (No.
CRD42020212269).

Eligibility criteria

Eligibility criteria were defined by two authors
(T.L., N.L.) and structured according to the Pop-
ulation Intervention Comparison Outcome (PICO)
method (Supplementary Table 1) [27]. Peer reviewed
original research studies written in English, French,
or Dutch and published in internationally peer-
reviewed journals that compared the effect of oral
Levodopa intake (ON-medication state) with no med-
ication intake (OFF-medication state) on balance
performance in adults (older than 18 years) with idio-
pathic PD were considered for inclusion.

Case studies, review studies, meta-analyses, study
protocols, conference abstracts, editorials, books, and
letters were excluded. Furthermore, studies were
excluded if they included individuals with secondary,
juvenile, or atypical PD, persons who had surgical
management of PD (e.g., deep brain stimulation or
pallidotomy), persons with concurrent neurological
or neurodegenerative disorders other than PD and
individuals with diseases affecting balance perfor-
mance not related to PD (e.g., vestibular disorders).
Studies that reported the use of medication other than
Levodopa were excluded as well. If the exclusive use
of oral Levodopa was not clearly stated in the study,
the corresponding author was contacted for confir-
mation (see below).
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Information sources and search

Two review authors (T.L., N.L.) developed
the search strategy using MeSH terms and key-
words related to PD, Levodopa, and balance
performance (Supplementary Table 2). Three
electronic databases (Pubmed [Medline], Embase,
and Web of Science) were searched to identify
relevant studies published until June 28, 2022.
In addition, reference lists of relevant systematic
reviews (PROSPERO) and eligible or ongoing
(https://www.clinicaltrials.govhttps://www.clinical
trials.gov/, https://apps.who.int/trialsearch) studies
were searched for potential missed citations, using
the keywords reported in Supplementary Table 2.

Study selection

After removal of duplicates using Endnote and
Rayyan QCRI software, all remaining titles and
abstracts were scanned for eligibility by three
review authors (T.L., N.L., R.B.) in a blinded and
standardized way using Rayyan QCRI software.
Discrepancies were discussed and resolved by con-
sensus.

Next, the same authors independently screened the
full texts of the remaining references to check eligi-
bility. Discrepancies were discussed and resolved by
consensus.

Data collection process

A data collection form was designed according to
the Cochrane Handbook for Systematic Reviews of
Interventions version 6.1 [28]. Next, the data collec-
tion table was pilot-tested on three randomly selected
studies and revised (T.L. and N.L.) before imple-
mentation. Finally, relevant data were extracted to
complete the table with: 1) characteristics of the
participants (e.g., UPDRS, Hoehn and Yahr scale
[H&Y], disease duration), 2) intervention type (e.g.,
usual Levodopa dose, Levodopa intervention dose,
time between OFF and ON), 3) outcome measures
including posturography, step initiation parameters,
responses to perturbation and clinical test batteries.

For eight original research papers authors were
contacted by mail to request additional information
to determine eligibility [29–36] (e.g., clarification
of medication status). A reminder to provide the
requested information was sent to the author and the
head of the research group (if available) at one and
two months after the initial request. Subsequently,

four authors provided supplementary information
[32, 33, 35, 36]. Data from the remaining four studies
for which no response was received were excluded
from the systematic review. Additionally, for some
studies that were eligible according to our primary
criteria, there was insufficient data to be included in
the meta-analyses (e.g., only correlations reported).
The results from these studies were subsequently
moved to the residuals tables (see Results for details)
and compared with the main results from the meta-
analyses separately.

Quality assessment of included studies

Quality assessment of the selected studies was per-
formed independently by two review authors (T.L.
and R.B.) using the ‘NIH quality assessment tool for
before-after (Pre-Post) study without control group’
[37]. This tool was adapted to the design of the
selected studies by removing two parts of the ques-
tionnaire. Question nine was eliminated because all
studies were performed on the same day without
loss of participants. Question twelve was removed
because the eligible studies could not include a group
level intervention. This resulted in a possible scoring
range from 0 to 10. The applied NIH quality assess-
ment tool does not provide thresholds or guidelines
to establish the overall quality of before-after studies.
Therefore, only the objective scores are reported.

Summary measures and methods of analysis

Analysis of the outcome data from the selected
studies was done in two different ways. First, all
outcome data reported as mean (standard deviation
[SD]) per study were imported in RevMan5 (5.4.1) to
perform a pilot meta-analysis. These data were com-
pared using standardized mean differences (SMD) in
a random effects inverse variance weighted model.
In this model, heterogeneity is calculated with an
I2 test, which describes the percentage of the vari-
ance explained by the heterogeneity across studies
rather than chance, with respect to the direction of the
difference. In this model, negative scores favor Lev-
odopa ON state and positive scores favor OFF state
to reflect the inverse relationship between scores and
improved balance for most of the outcomes. However,
where necessary, some scores (e.g., clinical balance
test scores) were multiplied by –1 to enable uniform
reporting across all tables and figures. Additionally,
and if needed, calculations were made to convert
other statistical measures (e.g., median and range or

https://www.clinicaltrials.gov
https://www.clinicaltrials.gov/
https://www.clinicaltrials.gov/
https://apps.who.int/trialsearch
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standard error of the mean) into mean and standard
deviation [38].

Second, studies that reported relevant data in
graphs without giving exact mean and standard devi-
ation values, were analyzed in a narrative way in the
results section, listed in Tables 1 to 4, and compared
with the results of the meta-analysis.

Results of the data analyses were structured
according to the method used to assess balance
performance and divided into four groups: clinical
tests, posturography, step initiation, and response
to perturbation measurements. Sub-divisions were
made according to their main defining characteris-
tic (e.g., type of clinical test, based on medio-lateral
or anterior-posterior sway). After final grouping into
sub-categories, if there was more than one out-
come parameter reported per population, the outcome
with the most similar characteristics to the outcomes
reported in other articles was maintained. The other
outcomes were removed from the meta-analysis and
reported in the residual outcome tables to avoid bias
from non-independent effect sizes. In cases where the
same outcome was reported within one article but for
different populations (e.g., Hoehn & Yahr II vs. III-IV
or fallers vs. non-fallers), data from both populations
were included in the meta-analysis. Subsequently, the
SMD was calculated with a 95% confidence interval
(CI) and if the 95% CI did not cross zero, the result
was classified as significant (p < 0.05). Heterogene-
ity of the results across grouped outcome parameters
was determined by using χ2 and its degrees of free-
dom (df) to determine the index of heterogeneity (I2,
<40% = low, <60% = moderate, <90% = substantial
and ≤ 100% = considerable heterogeneity) [28]. In
accordance with Cochrane guidelines regarding the
low number of studies for certain outcome measures
and the relatively low number of participants in sev-
eral studies, the level of significance for the χ2 test
was set at p = 0.10 and used to determine the strength
of evidence for heterogeneity [28].

RESULTS

Study selection

A total of 4,479 studies were retrieved. After
removal of 1,707 duplicates, 2,772 unique studies
were screened on title and abstract. Overall, 2,669
studies were excluded, leaving 103 studies for full
text screening. Finally, all studies that did not meet
the pre-determined eligibility criteria (e.g., interven-
tion studies using medication other than Levodopa

alone, studies including non-idiopathic PwPD) were
excluded, resulting in a final selection of 18 stud-
ies for quantitative and qualitative analysis. The
PRISMA flow chart is shown as Supplementary Fig. 1
[27].

In total, data from 710 PwPD (481 men, 223
women, and 6 unknown), with the number of par-
ticipants per study ranging from 6 to 140 (pooled
mean of 39.4 and median of 20.5 participants per
study), and with a pooled mean age of 64.3 years
(range 58.8–69.2), were included in this review. The
disease duration ranged from 6.5 to 13.0 years with a
pooled mean of 8.7 years. Finally, H&Y stage ranged
from 1 (unilateral PD symptoms only) to 4 (balance
impairment, moderate bilateral disease but physically
independent), with a pooled mean of 2.4. Demo-
graphic data of individual studies are presented in
Supplementary Table 3.

The results of the quality appraisal of all selected
studies are displayed in Supplementary Table 4. Over-
all study quality scored 8 in four studies [22, 24–26]
and below 8 in fourteen studies [23, 35, 47–50,
39–46]. No study scored above 8. The generally high
risk of bias (e.g., selection bias, information bias,
and confounding bias) was primarily the result of the
observational design of the included studies. Further-
more, only one of the studies [41] was performed with
researchers blinded to medication status of the partic-
ipants and most of the studies had a relatively small
sample size (median sample size = 20.5, Q1 = 12.5;
Q3 = 73), which resulted in a low statistical power.

xxxx

Synthesis of results

Clinical balance tests
Seven types of clinical balance tests were reported

in seven different studies (323 PwPD) [22, 23, 41, 42,
44, 46, 50] of which five were included in this meta-
analysis (Fig. 1). For descriptions and calculations of
the individual outcomes per study, see Supplementary
Table 5. It should be noted that, data from the Berg
Balance Scale (BBS) of one study [47] was incom-
plete, while for the 180◦ and 360◦ turn and the FRT
[44] only data from one population was available.
Results from these studies were therefore left out of
the meta-analysis.

Levodopa caused a significant improvement
in performance for the Push and Release Test
(PRT) (SMD = –0.61 [–0.93;–0.30], Z = 3.82
[p < 0.001], I2 = 1% [p = 0.32]) and in the BBS
(SMD = –0.30 [–0.52;–0.07], Z = 2.58 [p = 0.01],
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Fig. 1. Effect of Levodopa on clinical balance tests in people with idiopathic Parkinson’s disease.

Table 1
Effect of Levodopa on clinical balance tests in people with idiopathic Parkinson’s disease residual outcome table

Citation Outcome
parameter

Results Effect on balance
(mean difference)

Similar to
meta-analysis

Nova 2004
[47]

Berg Balance
Scale (BBS)

Significantly better Berg Balance Scale (BBS) in the
ON state compared to the OFF state (p < 0.05).

+(10.9) Yes

Franzén
2009 [44]

180◦ turn (s) Significantly better 180◦ turning in the ON state
compared to the OFF state (p = 0.0118).

+(0.3) ND

360◦ turn (s) No significant difference between ON and OFF state. NS ND
Functional Reach
Test (FRT)

No significant difference between ON and OFF state. NS ND

ND, Not determined; NS, not significant.
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Fig. 2. Effect of Levodopa on posturography parameters in people with idiopathic Parkinson’s disease.
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Table 2
Effect of Levodopa on posturography parameters in people with idiopathic Parkinson’s disease residual outcome table

Citation Outcome parameter Result Effect on
balance
(mean
difference)

Similar to
meta-
analysis

AP sway

Baston 2016 [24] RMS AP sway CoP (m/s2) Significantly larger RMS AP sway in the ON state compared to the OFF state
(p = <0.05).

– (NR) Yes

Burleigh 1995 [39] AP sway mean amplitude
(cm)

No significant difference between ON and OFF state. NS No

AP sway pathlength (cm) No significant difference between ON and OFF state. NS No
SD of AP COP sway
amplitude

No significant difference between ON and OFF state. NS No

Curtze 2015 [26]a AP sway RMS velocity
(m/s2)

Significantly faster AP sway RMS velocity in the ON state compared to the OFF
state (p < 0.001).

– (NR) Yes

Frequency dispersion AP No significant difference between ON and OFF state. NS Yes
Frank 2000 [43]b Peak CoP AP displacement

(cm)
No significant difference between ON and OFF state. NS Yes

Peak CoM AP displacement
(cm)

No significant difference between ON and OFF state. NS Yes

ML sway

Curtze 2015 [26]a ML sway RMS velocity
(m/s2)

Significantly higher ML sway RMS velocity in the ON state compared to the OFF
state (p = 0.008).

– (NR) Yes

Frequency dispersion ML No significant difference between ON and OFF state. NS No

Combined sway

Horak 2016 [35] Acceleration range (m/s2) Significantly higher acceleration rate in the ON state compared to the OFF state
(p = 0.006).

– (0.061) ND

CoM acceleration range (m) Significantly larger CoM acceleration range in the ON state compared to the OFF
state (p = 0.006).

– (0.006) ND

Jerk (m2/s5) No significant difference between ON and OFF state. NS ND
Mean frequency of sway
(Hz)

Significantly lower mean frequency of sway in the ON state compared to the OFF
state (p < 0.001).

+(0.17) ND
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RMS of sway mean
distance (m/s2)

Significantly larger RMS of sway mean distance in the ON state compared to the
OFF state (p = 0.001).

– (0.013) ND

Sway area (mm2/s) Significantly larger sway area in the ON state compared to the OFF state
(p < 0.012).

– (0.028) ND

Sway mean amplitude
(m/s2)

Significantly larger sway mean amplitude in the ON state compared to the OFF
state (p = 0.001).

– (0.012) ND

Sway pathlength (m/s2) No significant difference between ON and OFF state. NS ND
Sway RMS of CoM (m) Significantly larger sway RMS of CoM in the ON state compared to the OFF state

(p = 0.001).
– (0.0011) ND

Others

Frank 2000 [43]b Onset of gastrocnemius
contraction (ms)

Significantly earlier Gastrocnemius contraction in the ON state compared to the
OFF state (p < 0.05).

+(28) ND

Onset of tibialis anterior
contraction (ms)

No significant difference between ON and OFF state. NS ND

Time to reach peak CoP
(ms)

No significant difference between ON and OFF state. NS ND

Dorsiflexor torque Significantly greater dorsiflexor torque in the ON state compared with OFF state
(p < 0.05).

+(40) ND

AP, anterior-posterior; CoM, Center of mass; CoP, Center of pressure; NR, not reported; ND, not determined; NS, not significant; RMS, root mean square. aCurtze et al. only reported p values for
a combination of groups (HYII and III/IV). The combined result and p value is displayed. b Frank et al. performed a rise to toes posturography.
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Fig. 3. Effect of Levodopa on step initiation parameters in people with idiopathic Parkinson’s disease.
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Table 3
Effect of Levodopa on step initiation parameters in people with idiopathic Parkinson’s disease residual outcome table

Citation Outcome parameter Results Effect on balance
(mean difference)

Similar to
meta-analysis

AP sway

Burleigh 1997 [40] AP sway CoM velocity
(cm/s) – self initiated

No significant difference between ON and OFF state. NS Yes

AP sway CoM velocity
(cm/s) – response to cue

No significant difference between ON and OFF state. NS Yes

Palmisano 2019 [48] Seat off velocity AP (m/s) F No significant difference between ON and OFF state. (P = NR) NS Yes
Seat off velocity AP (m/s)
NF

No significant difference between ON and OFF state. (P = NR) NS Yes

Palmisano 2020 [49] IP CoP maximal velocity
AP (mm/s)

Significantly higher IP CoP maximal velocity in the ON state compared to
the OFF state (p < 0.05).

– (10.7) No

UP CoP average velocity
(mm/s)

No significant difference between ON and OFF state. NS Yes

UP CoP displacement AP
(mm)

No significant difference between ON and OFF state. NS Yes

UP CoP maximal velocity
AP (mm/s)

No significant difference between ON and OFF state. NS Yes

ML sway

Palmisano 2020 [49] IP CoP maximal velocity
ML (mm/s)

No significant difference between ON and OFF state. NS No

Step features

Burleigh 1997 [40] Step length (cm) – response
to cue

No significant difference between ON and OFF state. NS Yes

Timing

Burleigh 1997 [40] Anticipation phase duration
(ms) – self initiated

A significant reduction in duration of the anticipation phase was observed
(p = 0.004) in the ON state compared to the OFF state.

+(NR) No

Push off phase duration
(ms) – self initiated

A significant reduction in duration of the push off phase was observed
(p = 0.03) in the ON state compared to the OFF state.

+(NR) No

Reaction time phase (ms) –
response to cue

No significant difference between ON and OFF state. NS Yes

Anticipation phase duration
(ms) – response to cue

No significant difference between ON and OFF state. NS Yes

Push off phase duration
(ms) – response to cue

No significant difference between ON and OFF state. NS Yes

Curtze 2015 [26]a APA first step duration (s) No significant difference between ON and OFF state. NS Yes
APA latency (s) No significant difference between ON and OFF state. NS Yes

Palmisano 2020 [49] Unloading phase duration
(s)

No significant difference between ON and OFF state. NS Yes

AP, anterior-posterior; CoM, Center of mass; CoP, Center of pressure; NS, not significant; NR, not reported; IP, imbalance phase; UP, unloading phase. a Curtze et al. only reported p values for a
combination of groups (HYII and III/IV). The combined result and p value is displayed.
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I2 = 0% [p = 0.66]). Nova et al. found similar results
concerning the BBS [47], but these could not be
included in the meta-analysis due to missing SDs
and were reported separately as residual outcomes
(Table 1).

All other clinical balance tests, including the Mini
Balance Evaluation System Test, the Pull Test, and
the Timed Up and Go test showed a trend towards
improvement with Levodopa but these differences
were not statistically significant. This was similar for
the residual outcomes of the 360◦ turn and the FRT
but the 180◦ turn showed significant improvement
with levodopa in these individual studies.

Posturography
Posturography data were reported in four different

studies (285 PwPD) [24, 26, 35, 39] and (partially)
included in the meta-analysis (Fig. 2). Unfortunately,
results from two studies, one with a standing pos-
turography [24] and another with a rise to toes task
[43], could not be included in the meta-analysis as
only correlations between variables were reported
and posturography data were lacking (reported as
residual outcomes in Table 2). For descriptions and
calculations of the individual outcomes per study, see
Supplementary Table 5.

The meta-analysis shows that Levodopa had sta-
tistically significant negative effects on mean sway
velocity in both anterior-posterior (AP, SMD = 0.38
[0.04; 0.72], Z = 2.2 [p = 0.03], I2 = 33% [p = 0.22])
and medio-lateral (ML, SMD = 0.42 [0.15; 0.70],
Z = 3 [p = 0.003], I2 = 0% [p = 0.41]) directions.
These findings are in line with a number of find-
ings from the residual outcomes which reported
statistically significant larger AP sway and generally
increased sway parameters for combined sway when
PwPD were ON medication [24, 35].

Conversely, jerk (rate of change in acceleration)
and centroidal frequency in ML direction were pos-
itively affected by Levodopa (SMD = –0.43 [–0.71;
–0.16], Z = 3.08 [p = 0.002], I2 = 0% [p = 0.66] and
SMD = –0.38 [–0.65; –0.10], Z = 2.69 [p = 0.007],
I2 = 0% [p = 0.37] respectively). The residuals
showed that for combined sway the mean sway fre-
quency was also lower but no significant changes
were found for jerk [35].

The meta-analysis also revealed that Levodopa
caused a significant negative change in balance strat-
egy, with a reduction in ankle strategy (SMD = 3.20
[2.69; 3.71], Z = 12.33 [p < 0.001], I2 = 0% [p = 0.70]
and an increase in hip strategy (SMD = 2.42 [1.10;

3.75], Z = 3.58 [p < 0.001], I2 = 88% [p = 0.004),
which could have a negative effect on balance.

None of the remaining outcomes extracted from
posturography were significantly different between
Levodopa ON and OFF state.

Step initiation
Six studies [26, 35, 40, 48–50] (266 PwPD)

reported step initiation data (Fig. 3). However, not
all data were entered into the meta-analysis as some
studies were explorative in nature and reported sev-
eral outcomes per population. In addition, one study
by Burleigh et al. primarily reported results that could
not be included in the meta-analysis due to a lack of
quantifiable data as these were only represented visu-
ally (for all these, see residual data in Table 3) [40].
For descriptions and calculations of the individual
outcomes per study, see Supplementary Table 5.

Of all the outcomes reported for step initiation only
velocity-based outcomes in ML direction showed a
small but marginally statistically significant effect
favoring Levodopa ON state (SMD = –0.28 [–0.54;
–0.02], Z = 2.09 [p = 0.04], I2 = 0% [p = 0.93]).

None of the other sway-based outcomes, step fea-
tures, or timing parameters revealed any significant
difference between ON and OFF Levodopa state. The
results for most of the timing parameters were sup-
ported by the residual findings [40]. Of the residual
data, only the study of Burleigh et al. had contrast-
ing findings with a significantly shorter anticipation
phase duration in the ON state [40].

Response to perturbation
Five studies [22, 25, 40, 45, 50] (73 PwPD)

reported various perturbation methods of which
the outcome parameters are included in this meta-
analysis (Fig. 4). Only one study in the meta-analysis
reported on surface reactive torque responses. Three
studies [25, 40, 45] reported parameters concerning
response to perturbations that could not be included
into the meta-analysis due to the lack of data and sev-
eral results were moved to the residuals because they
were obtained from the same population (residual
data in Table 4). For descriptions and calculations of
the individual outcomes per study, see Supplementary
Table 5.

No significant difference was found between
ON and OFF Levodopa state regarding balance
parameters during perturbations. This applies for
anterior-posterior sway, falls, margin of stability,
medio-lateral sway, and surface reactive torque
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Fig. 4. Effect of Levodopa on perturbation parameters in people with idiopathic Parkinson’s disease.

response. Step parameters such as step length, tim-
ing, step velocity and the number of steps were not
significantly different between ON and OFF states.
Finally, no significant differences between ON and
OFF states were reported in the residual data.

DISCUSSION

Primary results of the systematic review

The results of this systematic review and pilot
meta-analyses indicate statistically significant pos-
itive effects of oral Levodopa on performance of
common clinical balance tests such as the BBS and
the PRT, as well as a positive but non-significant trend

for all other clinical balance tests. In contrast, findings
from posturography studies were not unequivocal,
with a significant negative effect of Levodopa on bal-
ance strategy and velocity-based sway parameters but
positive effects on jerk and some frequency param-
eters. Finally, Levodopa was not associated with a
change of balance indicated by all other outcome
parameters in this meta-analysis. These mixed results
are likely attributable to the heterogeneity in method-
ology to test balance performance combined with
a lack of sufficiently powered studies. In addition,
these results underline the importance of differentiat-
ing the underlying balance components that are being
addressed by each testing methodology and the need
for a consensus on the optimal balance test battery
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Table 4
Effect of Levodopa on perturbation parameters in people with idiopathic Parkinson’s disease residual outcome table

Citation Outcome parameter Results Effect on balance
(mean difference)

Similar to
meta-analysis

AP sway

Burleigh 1997 [40] AP sway CoM velocity
(cm/s)

No significant difference between ON and OFF state. NS Yes

Horak 1996 [25] CoM AP velocity (mm/s) No significant difference between ON and OFF state. NS Yes
Peak AP COP displacement
(cm)

No significant difference between ON and OFF state. NS Yes

Peterson 2016 [22] CoM AP displacement BP
(m)

No significant difference between ON and OFF state. NS Yes

ML sway

Schlenstedt 2017 [50] APA peak ML step small P
(mm)

No significant difference between ON and OFF state. NS Yes

Step length

Burleigh 1997 [40] Step length (cm) No significant difference between ON and OFF state. NS Yes
Peterson 2016 [22] Step length BP (m) No significant difference between ON and OFF state. NS Yes
Schlenstedt 2017 [50] Step length small P (m) No significant difference between ON and OFF state. NS Yes

Step velocity

Schlenstedt 2017 [50] Step verlocity small P (m/s) No significant difference between ON and OFF state. NS ND

Step strategy

King 2008 [45] Step strategy No significant difference between ON and OFF state. NS ND
APA before side step (%) No significant difference between ON and OFF state. NS ND
Falls cross over strategy No significant difference between ON and OFF state. NS ND
Falls side step strategy No significant difference between ON and OFF state. NS ND

Number of steps

Peterson 2016 [22] Numer of steps BP No significant difference between ON and OFF state. NS ND
Numer of steps FP No significant difference between ON and OFF state. NS ND

Margin of stability

Peterson 2016 [22] Margin of stability BP (m) No significant difference between ON and OFF state. NS ND
Margin of stability FP (m) No significant difference between ON and OFF state. NS ND

(Continued)
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(Continued)

Citation Outcome parameter Results Effect on balance
(mean difference)

Similar to
meta-analysis

Surface torque response

Horak 1996 [25] Slope of surface reactive
torque

No significant difference between ON and OFF state. NS ND

Timing

Burleigh 1997 [40] Reaction time phase (ms) No significant difference between ON and OFF state. NS Yes
Anticipation phase duration
(ms)

No significant difference between ON and OFF state. NS Yes

Push off phase duration
(ms)

No significant difference between ON and OFF state. NS Yes

Horak 1996 [25] Time to reach peak CoP
(ms)

No significant difference between ON and OFF state. NS Yes

King 2008 APA latency (ms) No significant difference between ON and OFF state. NS Yes
Peterson 2016 [22] Step latency BP (ms) No significant difference between ON and OFF state. NS Yes
Schlenstedt 2017 [50] Step duration small P (s) No significant difference between ON and OFF state. NS Yes

AP, anterior-posterior; APA, anticipatory postural adjustments; BP, backwards perturbation; FP, forwards perturbation; CoM, Center of mass; CoP, Center of pressure; ND, not determined; NS,
not significant.
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for PwPD. It is important to note that, due to the lim-
ited number of study outcomes and sample sizes of
some studies, the meta-analyses in this review are
performed as a pilot to guide future studies and more
comprehensive reviews.

Interpretation of results

Clinical balance tests
Clinical balance tests such as the BBS are com-

monly used and offer good validity [51], test-retest
reliability [52] and fair predictability of (recurrent)
fall episodes over a period of six or twelve months
[53, 54]. Our meta-analysis revealed a statistically
significant positive effect of Levodopa on BBS per-
formance. However, improvements in mean BBS
scores from OFF to ON state ranged from 1 to
6.4 [44, 46] points, thus appearing to be too small
to be clinically relevant. Indeed, this increase is
more or less the same as the minimal detectable
change (MDC) of 5 points [52] and the minimal
clinically important difference (MCID), which is 5
points in people with early subacute stroke [55].
However, a ceiling effect for the BBS is reported,
especially in PwPD with little disease progression
[56]. Because all included studies involving the BBS
focused on people with a H&Y score between 2
and 3, the positive effects of Levodopa on BBS-
performance could be limited. Consequently, larger
changes in BBS could be expected when assessing
the effects of Levodopa on static balance in PwPD
with longer disease duration and progressive motor
disability [57].

Another clinical test, the PRT, showed signifi-
cant positive effects of Levodopa as well, although
this test type was reported in only one study with
two subgroups [23]. The clinical importance of this
improvement is still unknown and further research
for this novel test is needed. Nevertheless, findings
from this study are promising as the PRT was shown
to be more sensitive in both ON and OFF states [23,
58] and consistently performed and correlated bet-
ter with self-reported falls than the more commonly
performed pull test [58].

Posturography
Levodopa is reported to induce a significant shift

from ankle to hip strategy so that balance is preserved
by reduced movement around the ankle joints and
increased movement around the hip joints [59]. This
shift in strategy was interpreted as a negative effect
of Levodopa, because predominant use of hip strate-

gies is a more conservative strategy, and associated
with the decreased balance control of elderly people
[60–62] and increased sway during quiet stance [63].
The increase of sway and sway velocity associated
with altered balance strategy in ON state is in line
with higher combined sway parameters, which were
only reported by Horak et al. [35] and could therefore
not be included in the meta-analysis. However, these
findings are not supported by other studies that only
analyzed a single sway direction or split analyses over
AP and ML directions despite similar Hoehn & Yahr
scores of their populations [26, 39]. This suggests that
measures obtained from combined sway directions
may be more sensitive to effects of Levodopa on bal-
ance during quiet stance. Ultimately, the relatively
high heterogeneity of all grouped outcome param-
eters for posturography indicate that these results
should be interpreted with care. Nevertheless, Okada
et al. suggested that a shift from an ankle strategy to
a hip strategy compensates the deterioration of pro-
cessing sensory information [64] and fear of falling
by reducing the forward translation of the center of
mass [65]. The practical use of testing balance strat-
egy, including the meaning of the Levodopa effect,
remains unclear as a shift between ankle and hip
strategies could be both the cause or the consequence
of impaired postural balance.

Step initiation
The meta-analysis only showed a minor signifi-

cantly positive effect on in the form of velocity-based
sway in ML direction, a general trend towards
increased sway can be seen. Although increased
excursions of the body’s center of mass as a positive
indicator for improved balance may seem counter-
intuitive, this increase of sway can be considered
positive as the magnitude of lateral anticipatory
postural adjustments (APAs) during self-initiated
stepping is higher in healthy controls compared to
PwPD [62]. This is contrary to an increase of anterior-
posterior sway in quiet standing posturography and
perturbation conditions, which is correlated with
disease severity and falls [66, 67]. The increased
magnitude of spatial characteristics such as APAs
during step initiation is in line with previous find-
ings on balance [62] and could be relevant as it is a
sign of reduced bradykinesia as well as reduced step
initiation problems, which are frequent and related
to freezing of gate (FoG) in PwPD [68, 69]. Simi-
lar positive effects of Levodopa have been reported
on improved spatial characteristics (e.g., increased
step length, stride velocity) during normal gait, while
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temporal characteristics (e.g., cadence) showed little
to no improvements [70]. Further research is needed
to examine the exact effect of the increase in both
anterior-posterior and medio-lateral sway parameters
during step initiation on balance and FoG.

Response to perturbation
None of the outcome parameters that assessed

responses to perturbations showed significant effects
of Levodopa. Although the methodology to assess
responses to perturbations varies widely, the most
common approaches involve the spatio-temporal
aspects of the step response. Despite the known pos-
itive effects of Levodopa on bradykinesia [71] and
rigidity [72], no effects were reported on any of the
parameters related to spatial and temporal character-
istics of the motor responses. This can be explained
by the role of typically reduced automaticity of motor
responses and increase reliance on slower cognitive
strategies (e.g., vision and proprioception) to main-
tain balance in PwPD [73]. Moreover, these results
are in line with findings from a study by Workman and
Thrasher, who found that Levodopa did not improve
automaticity [74].

Complexity of measuring balance in PD

The major obstacle for this review and balance
research in general is the fact that balance is a
complex, multi-dimensional function. As such, the
definition of balance in the context of human loco-
motion varies and researchers tend to focus on single
dimensions and associated methodologies, depend-
ing on their goals. As a result, a wide variety of
measurement methods are used in concurrent stud-
ies to assess balance performance, potentially leading
to high heterogeneity of the results as observed for
the outcome parameters obtained from posturogra-
phy. Even though it is crucial to avoid falls during
everyday locomotor tasks, this heterogeneity makes
it hard to quantify and compare (deficits in) balance.
Nevertheless, there are some scales and parameters
that are used frequently among balance researchers
(e.g., BBS, TUG, sway parameters).

The four groups of outcome parameters defined
within this review each have intrinsic strengths and
limitations. In analyzing the results of this review,
the struggle researchers experience in measuring bal-
ance was underlined. Clinical balance test are often
subjective, sensitive to observer bias, and difficult to
perform in an unblinded way (e.g., pull test) [58, 75].
However, these tests do provide an initial impres-

sion of one’s postural balance performance without
the need of expensive equipment required to perform
posturography or camera-based three-dimensional
balance analysis. On the other hand, objective out-
come measures are the most sensitive way to measure
the effect of interventions on balance [76].

The selection of appropriate outcome measures
is especially difficult in PD. Several disease-related
factors may confound the measurements. As stated
before, PD is associated with reduced automaticity
[73], thus increasing the need for cognitive balance
strategies which rely on input from the vestibu-
lar, visual and somatosensory systems. However,
these systems can simultaneously be affected in PD.
For example, vestibular function is reported to be
affected more severely by PD compared to other
forms of sensory input [77]. This may compound
the effects of reduced automaticity during a pertur-
bation task, likely skewing results for studies with
a relatively large number of late-stage PwPD. Simi-
larly, patients with impaired visual input may show
relatively poorer performance during dual-tasking
conditions. All these factors indicate the need for suf-
ficiently sized and well-controlled studies involving
PwPD.

Limitations of this systematic review and
meta-analysis

Apart from the aforementioned general limitations
and pitfalls in assessing balance in PwPD, the authors
acknowledge some additional inherent limitations to
this systematic review and meta-analysis.

Firstly, care should be taken when interpreting the
results of this systematic review for specific patient
subgroups. Due to the inherent heterogeneity of dis-
ease progression with regards to deterioration of
cognitive and motor function, and various alternative
treatments available, several exclusion criteria were
applied. Studies including PwPD undergoing or wait-
ing for deep brain stimulation (DBS) were excluded
from this review as in those cases it would have
been impossible to distinguish Levodopa-mediated
effects from the effects of DBS [78, 79]. In addition,
task conditions (e.g., dual-tasking) and interactions
with other PD related symptoms (e.g., dyskinesias,
FoG) may have implications for the generalizabil-
ity of our findings. On the one hand, many studies
listed symptoms such as dyskinesias [42, 49], ortho-
static hypotension [48, 49], or cognitive impairment
[23, 41, 46, 48, 49] as exclusion criteria. On the
other hand, not all studies that include PwPD report



T. Leroy et al. / Levodopa and Balance in Parkinson’s Disease 19

the presence of these symptoms. Therefore, it is
hard to determine to what extent the results of this
review are affected by these symptoms. All these
factors can have negative effects on balance per-
formance and potentially occlude positive effects
achieved by Levodopa administration. For example,
previous research has reported links between FoG and
balance [4]. However, the implications of the pres-
ence of FoG on balance are not well known as FoG
is difficult to evoke and assess in clinical or exper-
imental conditions [80]. Moreover, the inclusion of
data from freezers does not necessarily affect study
outcomes [50], therefore no distinction was made
between data from freezers and non-freezers in this
pilot meta-analysis. Another example is the presence
of dyskinesias, which can have a major impact on
balance in PwPD since they occur in more than 50%
of PwPD after 5 years of treatment [10] and in almost
all PwPD after 15 years [81]. This is reflected by evi-
dence from postural tasks showing higher postural
sway [26, 81] and corresponding postural instabil-
ity in patients that present dyskinesias [26, 82, 83].
Furthermore, a significant association between dysk-
inesias and falling is reported in large cohort studies
[83, 84]. By excluding PwPD experiencing debilitat-
ing dyskinesias, the external validity of the results
reported in the selected studies is reduced and care
should be taken when translating these findings to
late-stage PwPD. Finally, although cognitive impair-
ment and orthostatic hypotension are common in
PwPD [85, 86] and a crucial factor in balance and
falling [11, 87], they were common exclusion criteria
in some eligible studies [23, 41, 46, 48, 49]. Nev-
ertheless, the effects of these factors should not be
overlooked in future research as they are considered
crucial for the treatment and management of falls in
PwPD by the NPF (National Parkinson Foundation)
task force [88]. This review only included pilot meta-
analyses due to the limited number of studies included
per meta-analysis of the separate categories and lim-
ited sample sizes for several studies. Consequently,
it was not possible to properly assess possible fun-
nel plot asymmetry. Since this method should only
be used when there are at least 10 studies included in
the meta-analysis [28], no funnel plots were included
in this manuscript.

Additional limitations are apparent from the qual-
ity assessment (Supplementary Table 4) and include
the unblinded nature and the relatively small sam-
ple sizes (median = 21.5) of many studies included in
this review, resulting in limited statistical power [89].
Furthermore, eight studies [23, 39–42, 44, 46, 47] did

not perform multiple trials per outcome despite the
low reliability of results from single test protocols
[90]. Two other studies with similar patient samples
[25, 43] reported one patient “frozen”, and thus not
able to stand or sit in OFF state while another study
[47] reported problems in reaching a true OFF state
in two patients. This could have resulted in skewed
outcomes in favor of OFF state and a decrease of the
observed positive effects of Levodopa on balance.
Also, no RCT or prospective studies about the effect
of oral Levodopa monotherapy on balance in PwPD,
comparing ON vs. OFF state, were found. However,
despite the possible fundamental insights long-term
controlled studies can provide, the clinical relevance
of such studies is questionable as Levodopa therapy
is standard clinical practice. Therefore, it is unlikely
and possibly unethical for Levodopa to be withheld
in the long-term.

Finally, although most studies included a (variable)
wash-out period of all dopaminergic medication, an
influence of other (dopaminergic) medication than
Levodopa cannot be ruled out. Apart from that, NICE
guidelines from 2017 suggest Levodopa as monother-
apy for motor symptoms only for early-stage PwPD.
As PD progresses, other medication types like mono
amino oxidase B (MAO-B) inhibitors and dopamine
agonist, depending on the specific symptoms of the
patients, are suggested [91]. However, the aim of
this review and pilot meta-analysis was to focus on
the effects of Levodopa alone as a starting point for
future studies as there is still little to no consensus
on the effects of Levodopa monotherapy on balance.
The difficulties in reaching a first conclusion on these
effects would only have been compounded by the var-
ious mediating effects of the various combinations of
antiparkinsonian medication regimens. Nevertheless,
it is important to acknowledge that this limits the eco-
logical validity of these initial results for PwPD and
clinicians and to highlight the need to expand on these
findings in future studies.

Further research

To the best of our knowledge, this is the first
systematic review and meta-analysis assessing the
effects of oral Levodopa on balance in PwPD.

A major threshold to definitively establish not
only the significance, but also the clinically relevant
effects of Levodopa on balance in PwPD, is the lack
of sufficiently powered studies with a low risk of
bias. As such, future studies should aim to include
larger sample sizes and ensure proper blinding of
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assessors to medication status. However, blinding to
medication status may only be relevant in early-stage
PwPD where motor symptoms are not as discernible.
In late-stage PwPD unblinding due to the presence
or absence of obvious motor symptoms is likely
inevitable. Regarding the aforementioned research
complexity, a standardized multimodal way to mea-
sure balance should be established to be able to
mutually compare clinical studies [51, 92–94]. For
example, within the included studies, several standard
balance outcomes were slightly modified (e.g., rise to
toes during posturography [43] or pull test with rising
from a chair [41]). Although these choices were likely
made to improve the differentiation between PwPD
and healthy controls, they do add to the heterogeneity
of the generally applied methodology, which makes
it difficult to compare them with other studies. This
recommendation to use standardized methods does
not only apply to research of balance in PwPD but to
all balance research.

Various authors have tried to find the ideal combi-
nation of tests to measure balance and predict future
falls [51, 95–97]. For example, Latt et al. found
FoG and abnormal axial posture to be strong PD-
specific predictors of fall risk [97]. However, As
mentioned before, FoG can be hard to assess in clin-
ical and research settings [80], therefore it might be
easier to assess the axial posture as a predictor of
fall risk in PwPD. Abnormal axial posture can eas-
ily be assessed and can affect balance by reducing
the limits of stability and may cause abnormal pos-
tural reflexes [97], but was not assessed in any of
the studies included in this review. Based on the
findings from this review, we suggest using either
the BBS, as a more extensive clinical test with a
substantial body of evidence, and/or the novel PRT,
which is relatively short and easy to administer,
and sensitive for both fallers and non-fallers [23].
Adding to this posturography data, whether mea-
sured with wearable sensors or not, during standing
and as response to standardized perturbations, would
give researchers and clinicians a good view on their
patients’ balance performance. The disadvantage to
this multimodal research strategy is the increase in
time and resources needed. To avoid a decrease in
applicability, a stepwise approach could be useful,
by starting with the PRT and performing more tests
when needed and affordable. Moreover, using less
expensive and time-consuming wearable sensors to
measure balance (and gait) and the effects of inter-
ventions in daily life conditions appears to be the
most feasible choice [89, 98]. The measured variables

from these wearable sensors consist of a combination
of standing posturography variables (e.g., accelera-
tions and sway), walking stability (e.g., step features)
and even clinical balance tests (e.g., TUG, Romberg
test) [98].

Conclusion

Although Levodopa is widely used by idiopathic
PwPD and some significant positive effects and
trends are reported, the available literature offers no
consensus regarding the effects of Levodopa on bal-
ance. Nevertheless, the results of this review and
pilot meta-analysis indicate that oral Levodopa tends
to improve performance as measured by clinical
balance scales and shows a positive trend towards
increased anterior-posterior and mediolateral sway
during step initiation. Results from posturography
are less unequivocal, with both significant positive
and negative effects of Levodopa reported for var-
ious outcome parameters. Response to perturbation
did not show any significant effects of Levodopa.
Despite some positive indicators, the clinical impor-
tance of these findings requires further research. The
greatest challenges for future research are the multi-
dimensional aspect of balance, the heterogeneity of
outcome parameters, and the search for reliable and
useful tests and the heterogeneity of PwPD. Further
research is needed to examine the relation between
Levodopa and balance in PwPD and the mediating
role of factors like dyskinesia, freezing of gait and
dual-tasking conditions.
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Deuschl G, Nieuwboer A, Schlenstedt C (2021) How many
gait initiation trials are necessary to reliably detect antici-
patory postural adjustments and first step characteristics in
healthy elderly and people with Parkinson’s disease? Gait
Posture 88, 126-131.

[91] National Institute for Health and Care Excellence (NICE)
(2017) Parkinson’s disease in adults: Diagnosis and man-
agement. NICE Guideline, No. 71. National Institute for
Health and Care Excellence (NICE), London.

[92] Dibble LE, Lange M (2006) Predicting falls in individu-
als with Parkinson disease: A reconsideration of clinical
balance measures. J Neurol Phys Ther 30, 60-67.

[93] Jacobs JV, Horak FB, Tran VK, Nutt JG (2006) Multiple
balance tests improve the assessment of postural stability
in subjects with Parkinson’s disease. J Neurol Neurosurg
Psychiatry 77, 322.

[94] Bloem BR, Valkenburg VV, Slabbekoorn M, van Dijk JG
(2001) The multiple tasks test. Strategies in Parkinson’s
disease. Exp Brain Res 137, 478-486.

[95] Bloem BR, Grimbergen YA, Cramer M, Willemsen M,
Zwinderman AH (2001) Prospective assessment of falls in
Parkinson’s disease. J Neurol 248, 950-958.

[96] Michalska J, Kamieniarz A, Brachman A, Marszałek W,
Cholewa J, Juras G, Słomka KJ (2020) Fall-related mea-
sures in elderly individuals and Parkinson’s disease subjects.
PLoS One 15, e0236886.

[97] Latt MD, Lord SR, Morris JGL, Fung VSC (2009) Clinical
and physiological assessments for elucidating falls risk in
Parkinson’s disease. Mov Disord 24, 1280-1289.

[98] Hubble RP, Naughton GA, Silburn PA, Cole MH (2015)
Wearable sensor use for assessing standing balance and
walking stability in people with Parkinson’s disease: A sys-
tematic review. PLoS One 10, e0123705.


