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Abstract.
BACKGROUND: In patients with Parkinson disease (PD), severe postural and gait impairments are rarely observed in early
stage of disease and non-motor symptoms (NMS) are often overlooked.
OBJECTIVE: This observational study aimed to characterize the impact of non-motor impairments on walking kinematics
in early stages PD patients, and to assess the differences of gait parameters and NMS between PD patients with and without
mild cognitive impairment (MCI).
METHODS: Twenty-six patients with Modified Hoehn and Yahr Scale score ≤ 2 were evaluated for NMS using Kings
Parkinson’s Pain Scale, Parkinson Fatigue Severity scale, Parkinson Anxiety Scale, Beck Depression Inventory and Epworth
Sleepiness Scale, kinematic parameters through an inertial sensor and cognitive performance by a comprehensive neuropsy-
chological battery.
RESULTS: Fatigue had a moderate negative correlation with step cadence, and a moderate to strong positive correlation
with gait duration, Timed Up and Go (TUG) and TUG Dual Task (p < 0.01). Pain showed positive moderate correlation with
gait duration (p < 0.01). Twelve patients resulted affected by MCI and reported significantly worse scores in gait duration,
pain and fatigue (p < 0.05). According to cognitive z scores, PD-MCI group showed a moderate negative correlation between
visuospatial abilities and fatigue (p < 0.05).
CONCLUSIONS: NMS significantly affect walking kinematics whereas a limited role of cognitive status on motor perfor-
mance occur in the early PD stages.
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1. Introduction

Parkinson disease (PD) is a progressive neurode-
generative condition with a prevalence of 1-2 out of
1000 people (GBD 2016 Parkinson’s Disease Col-
laborators) and an incidence of 10 to 20 per 100000
people/year, with predictable increase in the next
decade (Tysnes & Storstein, 2017).

In PD patients, abnormal gait patterns occur, char-
acterized by reduced speed, arm swing and step
length, and difficulty in dissociating arm and trunk
movements (Morris, Iansek, Matyas, & Summers,
1994), while, in the advanced stages of the dis-
ease, shuffling, festination, and freezing episodes
are frequently observed (Mirelman et al., 2019).
Several non-motor symptoms (NMS) are commonly
observed in PD (Lee & Koh, 2015).

Up to 40–50% of patients with PD are affected
by mood and cognitive disorders (Reijnders, Ehrt,
Weber, Aarsland, & Leentjens, 2008), occurring even
4–6 years before motor symptoms. Among these,
PD patients might experience Mild Cognitive Impair-
ment (MCI) and Dementia. MCI occurs in 25–50%
of PD patients (Weil, Costantini, & Schrag, 2018)
and might involve a single or multiple domains (as
attention, memory, executive functions, language,
and visuospatial abilities) without interference with
social or occupational functioning (Yarnall et al.,
2014).

Several studies reported MCI-related gait changes
in the general population, particularly in terms of
reduced speed, stride length and time, and anterior-
posterior and mediolateral sway position (Bahureksa
et al., 2017). On the contrary, decline in spatiotem-
poral gait parameters may be predictive of cognitive
impairment across domains such as memory, exec-
utive function, language, visuospatial (Savica et al.,
2017).

In PD patients, cognitive impairment seems to
be typically associated with gait alterations, such as
slower speed and shorter steps as well as poor postural
control (Kim et al., 2018).

In the early stage of PD, patients are unlikely to
be affected by severe postural and gait impairments
(Palakurthi et al., 2019; Kwon et al., 2017) and NMS
are often underestimated.

The aim of this paper is to characterize the
influence of non-motor impairments on walking kine-
matics in early stages PD patients. Moreover, we also
assess the gait parameters according to the cogni-
tive status and the correlations among non-motor and
walking parameters.

2. Materials and methods

2.1. Participants

We recruited consecutive patients diagnosed with
PD according to the United Kingdom Parkinson’s
disease Society Brain Bank criteria (Gibb, & Lees,
1988). Inclusion criteria were: a) age ≥ 45 years; b)
modified Hoehn and Yahr Scale (mH&Y) score ≤ 2
in “ON” stage; c) disease duration lower than 5 years;
d) optimized and stable PD drug therapy for at least
four weeks before the enrollment. Exclusion criteria
were: a) dementia associated with PD according to
consensus criteria (Emre et al., 2007); b) diagnosis
of atypical or secondary parkinsonism; c) clinically
significant comorbidities (i.e., cardiovascular or cere-
brovascular disease, renal or hepatic insufficiency).
All participants signed informed consent. The study
was conducted in accordance to the Declaration of
Helsinki.

2.2. Outcomes

All patients were assessed by dedicated evalua-
tion protocol, including collection of anamnestic and
anthropometric data, and the administration of the
following outcome measures:

– Unified Parkinson’s Disease Rating Scale
(UPDRS) III for PD motor symptoms (G Fahn
S, Elton R and Members of the UPDRS Devel-
opment Committee, 1987);

– Kings Parkinson’s Pain Scale (KPPS) for pain
symptoms (Chaudhuri et al., 2015);

– Parkinson Fatigue Severity scale (PFSS) for
fatigue symptoms (Brown, Dittner, Findley, &
Wessely, 2005);

– Parkinson Anxiety Scale (PAS) to evaluate anx-
iety symptoms (Leentjens et al., 2014);

– Beck Depression Inventory (BDI) for depressive
symptoms (Visser, Leentjens, Marinus, Stiggel-
bout, & van Hilten, 2006);

– Epworth Sleepiness Scale (ESS) for daily sleepi-
ness (Kumar, Bhatia, & Behari, 2003).

Functional evaluation consisted of measurement of
the kinematic parameters during 10 meter-walking
test [cadence (steps/min), speed (m/s), stride length
(m), duration (s)], and duration of both Time Up and
Go (TUG), and TUG Dual Task (TUGdt, consist-
ing of TUG combined with a verbal task), through
an inertial sensor (G-WALK®, BTS) to the skin of
lumbar region, at level of L5 vertebra.
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Global cognitive functioning was assessed by
means of the Montreal Cognitive Assessment
(MoCA) (Nasreddine et al., 2005).

Moreover, PD patients performed a comprehensive
neuropsychological battery including the following
tests:

– Trial Making Test A (TMT-A) and digit span
backward for attention and working memory
(Giovagnoli, 1996);

– Modified Card Sorting Test, number of achieved
categories and letter fluency task for executive
functions (Caffarra, Vezzadini, Dieci, Zonato, &
Venneri, 2004);

– Prose recall test and Rey’s Auditory Verbal
Learning Test - delayed recall for immediate and
delayed memory (Novelli et al., 1986; Carles-
imo, Caltagirone, & Gainotti, 1996);

– Copying drawings and Judgment of Line Ori-
entation test for visuospatial abilities (Siciliano
et al., 2016).

Cognitive impairment was defined when patients
obtained neuropsychological tests scores at least 1.5
standard deviation below the normative data for the
Italian population (Siciliano et al., 2017).

Performance on the individual neuropsychological
test was transformed into z-scores. Subsequently, a
composite summary index for each cognitive domain
was derived from the corresponding averages of the
respective neuropsychological tests (i.e. attention and
working memory z-score, memory z-score, executive
functions z-score, visuospatial abilities z-score, and
language z-score).

Identification of MCI was based on the Move-
ment Disorders Society (MDS) Task Force level II
criteria (Litvan I et al., 2012). Moreover, we distin-
guished patients with PD-MCI single domain (SD)
(i.e., impairments in two tests within a single cog-
nitive domain) and multiple domains (MD) (i.e.,
impairments in at least one test in two or more cog-
nitive domains).

A physiatrist performed the motor evaluation,
whereas an experienced neuropsychologist carried
out the assessment of cognitive functions. All patients
were evaluated in “OFF” therapeutic state.

2.3. Statistical analysis

Statistical analysis was carried out using Statisti-
cal Package for the Social Sciences 25 (SPSS 25;
IBM Corp., Armonk, NY, USA) software to perform

Table 1
Clinical characteristics of our PD population (N = 26)

Age (years) 65.38 ± 8.69
BMI (kg/m2) 28.71 ± 4.55
Gender

Male (%) 18 (69.23 %)
Female (%) 8 (30.77 %)

Disease duration (years) 2.84 ± 1.25
Phenotype

Akinetic 13 (50%)
Tremor 13 (50%)

mH&Y score
1 10 (38.46%)
1.5 1 (3.84%)
2 15 (57.7%)

UPDRS III score 23.61 ± 8.39

Continuous variables are expressed as mean ± standard deviation;
discrete ones are expressed as total number (%). PD: Parkinson
disease; BMI: Body Mass Index; mH&Y: Modified Hoehn and
Yahr Scale; UPDRS: Unified Parkinson’s Disease Rating Scale.

correlation analysis among kinematic parameters,
NMS and corrected MoCA score.

Student’s t-test was used to compare gait param-
eters and NMS in PD patients with and without
MCI, after applying Levene’s test for variance. In
the PD-MCI subgroup, kinematic parameters and
NMS scores were correlated with cognitive z-scores.
Normality was checked through Shapiro-Wilk test.
Correlation analysis was performed using Pearson’s
correlation coefficient or Spearman’s rank corre-
lation, in case of non-parametric variables. We
considered a significance threshold of p < 0.05. We
considered following cut-offs and strength for corre-
lation coefficient: 0–0.19 considered as very weak,
0.2–0.39 as weak, 0.40–0.59 as moderate, 0.6–0.79
as strong and 0.8–1 as very strong correlation.

3. Results

Twenty-six PD patients (18 males; 8 females) were
recruited. Demographic and anthropometric charac-
teristics are shown in Table 1. Two patients were naive
to drug therapy for PD (7.7%), 10 patients were taking
levodopa alone (38.5%), 3 were taking dopaminer-
gic agonists (11.5%), and 11 were treated with a
combination of levodopa and dopaminergic agonists
(42.3%).

The scores of NMS scales are shown in Table 2.
Patients reported mild musculoskeletal pain, slight
daily sleepiness, moderate fatigue symptoms, and no
depression or anxiety.

Spatiotemporal gait parameters, TUG and TUGdt
duration are shown in Table 3. These data suggest
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Table 2
Scores of non-motor symptom scales in our PD population

Kings Parkinson’s Pain Scale (KPPS) 8.96 ± 10.70
Epworth Sleepiness Scale (ESS) 6 ± 13.58
Parkinson Fatigue Severity (PFS) Scale 2.77 ± 1.28
Parkinson Anxiety Scale (PAS) total score 10.38 ± 8.33
Beck Depression Inventory (BDI II) 9 ± 7.27

Continuous variables are expressed as mean ± standard deviation.
PD: Parkinson disease.

Table 3
Kinematic parameters during walking, TUG and TUGdt duration

Parameter Mean value (± SD)

Gait speed (m/s) 1.48 ± 0.88
Gait duration (s) 15.46 ± 2.57
Cadence (steps/min) 112.42 ± 8.65
Stride length (m) 1.60 ± 1.01
TUG (s) 13.27 ± 3.13
TUGdt (s) 15.60 ± 4.57

Continuous variables are expressed as mean ± standard deviation.
SD: standard deviation; TUG: Timed up and go; TUGdt: Timed
up and go DualTask.

an acceptable postural control with slight alterations
in walking parameters (particularly speed, cadence,
and stride length), TUG and TUGdt duration (TUGdt
value > 10% �TUG was considered as pathological)
(Lopes et al., 2020).

Neuropsychological evaluation revealed a cor-
rected MoCA score of 24.78 ± 2.09 (mean ± stan-
dard deviation) and 12 patients were classified as
MCI-MD (6 females; 6 males). Data about cogni-
tive functions in our PD-MCI population are shown
in Fig. 1.

According to the Shapiro-Wilk test, cadence, TUG
duration, ESS, PAS, BDI-II and the cognitive z-scores
for memory, executive and visuospatial functions
were normally distributed.

The correlation analysis for fatigue showed a
moderate negative correlation with step cadence
(p < 0.01), and a moderate to strong positive corre-
lation with gait duration (p < 0.01), TUG (p < 0.01)
and TUGdt (p < 0.01). Pain showed positive mod-
erate correlation with gait duration (p < 0.01) and
TUGdt (p < 0.05), while anxiety showed weak nega-
tive correlation with cadence (p < 0.05) and positive
correlation with gait duration (p < 0.05). Finally, also
BDI-II showed a positive weak correlation with gait
duration (p < 0.05).

MoCA scores showed a weak negative correlation
with TUGdt (p < 0.05) (Table 4).

Based on the neuropsychological evaluation, gait
duration was significantly different between PD-
MCI and PD patients without cognitive impairment

Fig. 1. Impaired cognitive functions in 12 patients with diagno-
sis of MCI-MD. (MCI-MD: Mild Cognitive Impairment Multi
Domain; E: executive functions; VS: visuospatial abilities; M:
memory; AWm: attention/working memory)

(Parkinson’s disease normal cognition, PD-NC)
(Table 5). As shown in Table 6, PD-MCI patients
reported significantly worse scores in outcome mea-
sures for pain and fatigue (p < 0.05).

The correlation analysis for cognitive z-scores in
the PD-MCI group showed a moderate negative cor-
relation between visuospatial abilities and fatigue
(Table 7).

4. Discussion

Motor and non-motor symptoms, especially cog-
nitive dysfunctions, worsen over the PD course,
ultimately resulting in functional independence loss
(Gaßner et al., 2017) through a dangerous duet be-
tween impairment of walking kinematics and NMS.
This concept undoubtedly characterizes advanced
stages of PD, but the role of the interplay between
cognitive status and motor performance in early stage
PD patients is still debated.

Our data suggest significant correlations between
walking kinematics and non-motor impairments in
early stage PD patients.
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Table 4
Correlation coefficients and p-values between walking kinematics parameters, non-motor symptom scores and cognitive scores

KPSS ESS PFS PAS TS BDI-II Corrected MoCA

Gait duration (s) 0.593∗∗ 0.309 0.633∗∗ 0.390∗ 0.393∗ 0.245
0.004 0.125 0.001 0.049 0.047 0.227

Gait speed (m/s) –0.248 –0.183 –0.280 0.009 –0.167 0.059
0.222 0.370 0.166 0.966 0.414 0.775

Cadence (steps/min) –0.189 –0.177 –0.501∗∗ –0.393∗ –0.200 0.277
0.354 0.386 0.009 0.047 0.328 0.170

Stride length (m) –0.280 –0.207 –0.223 0.070 –0.119 0.042
0.167 0.311 0.274 0.734 0.564 0.839

TUG (s) 0.356 0.236 0.569∗∗ 0.151 0.161 –0.377
0.075 0.246 0.002 0.463 0.432 0.058

TUGdt (s) 0.452∗ 0.080 0.654∗∗ 0.273 0.314 –0.393∗
0.020 0.699 0.000 0.178 0.118 0.047

∗p < 0.05, ∗∗p < 0.01. KPSS: Kings Parkinson’s Pain Scale; ESS: Epworth Sleepiness Scale; PFS: Parkinson Fatigue Severity Scale; PAS TS:
Parkinson Anxiety Scale total score; BDI-II: Beck Depression Inventory; TUG: Timed Up and Go; TUGdt: Timed Up and Go Dual Task;
MoCA: Montreal Cognitive Assessment.

Table 5
Differences of walking kinematics parameters between the two

groups (with and without MCI)

Parameter PD-MCI PDNC p-value

Gait speed (m/s) 1.35 ± 0.71 1.63 ± 1.08 0.445
Gait duration (s) 16.53 ± 2.31 14.55 ±2.51 0.049∗
Cadence (steps/min) 110.52 ± 9.27 114.05 ± 8.07 0.310
Stride length (m) 1.78 ± 1.20 1.45 ± 0.85 0.430
TUG (s) 14.22 ± 3.08 12.47 ± 3.06 0.161
TUGdt (s) 16.72 ± 5.37 14.64 ± 3.71 0.257

Continuous variables are expressed as mean ± standard deviation.
PD-MCI: Parkinson’s disease with Mild Cognitive Impairment;
PDNC: normal cognition Parkinson’s disease; TUG: Timed up
and go; TUGdt: Timed up and go DualTask; ∗p < 0.05.

Table 6
Differences of non-motor symptom scores between the two

groups (with and without MCI)

Parameter PD-MCI PDNC p-value

Kings Parkinson’s Pain
Scale (KPPS)

13.75 ± 11.95 4.86 ± 7.76 0.032∗

Epworth Sleepiness Scale
(ESS)

5.08 ± 3.17 6.78 ±3.85 0.235

Parkinson Fatigue
Severity (PFS) Scale

3.32 ± 1.24 2.31 ± 1.78 0.045∗

Parkinson Anxiety Scale
(PAS) total score

13.08 ± 8.88 8.07 ± 7.38 0.129

Beck Depression
Inventory (BDI II)

11.25 ± 7.87 7.07 ± 6.37 0.148

Continuous variables are expressed as mean ± standard deviation.
PD-MCI: Parkinson’s disease with Mild Cognitive Impairment;
PDNC: Parkinson’s disease normal cognition; ∗p < 0.05.

In our PD population, the analysis of spatio-
temporal gait parameters showed an increased stride
length, with a reduction in number of steps/minute
(De Ridder et al., 2019; Pinto et al., 2019); more-
over, we observed a longer duration in both TUG and

TUGdt. These findings are consistent with the char-
acteristics of early PD gait reported by other Authors
(Pistacchi et al., 2017).

For what concerns NMS, fatigue showed moder-
ate to strong correlations with lower step cadence,
longer gait duration in 10-m gait, TUG and TUGdt,
suggesting a negative impact of this distressing symp-
tom on both motor function and complex attentional
skills. Our findings support the conclusions of some
studies that consider fatigue as one of the strongest
contributing factors to perceived walking difficul-
ties in people with PD (Kader, Ullén, Iwarsson,
Odin, & Nilsson, 2017; Christiansen, Schenkman,
McFann, Wolfe, & Kohrt, 2009). Moreover, our
results about the negative impact of fatigue on TUGdt
duration support the hypothesis that PD patients expe-
rience a “central” fatigue that affects both motor
(e.g., objective motor fatigability) and mental dimen-
sions (Herlofson, Ongre, Enger, Tysnes, & Larsen,
2012).

Pain is another disabling NMS that is underesti-
mated in PD patients, as well as its impact on motor
performance in this population. Our results showed
moderate correlations of pain with both longer 10-
meter walking and TUGdt duration. Interestingly, it
has been demonstrated the role of chronic pain as
distractor that contributes to slower gait speed also in
healthy older adults, thus implicating an attentional
involvement (Leveille et al., 2017). These findings
are consistent with those reported in our population
of PD patients. More recently, huge interest for both
diagnosis and management of pain in this population
fosters the development of a new classification of PD-
related pain, aiming to provide a mechanism-based
treatment (Mylius et al., 2021).
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Table 7
Correlation coefficients and p-values among cognitive subitems, walking kinematics parameters and non-motor symptom scores in

PD-MCI group

Cognitive z-score Gait Gait Cadence Stride TUG TUGdt KPSS ESS PFS PAS TS BDI-II
duration speed (steps/min) length (s) (s)

(s) (m/s) (m)

Executive functions z-score –0.022 –0.047 0.064 –0.030 –0.151 –0.094 –0.110 0.332 0.068 0.041 –0.088
0.916 0.820 0.755 0.885 0.462 0.649 0.591 0.097 0.742 0.844 0.670

Visuospatial abilities z-score –0.364 0.212 0.227 0.281 –0.318 –0.289 –298 0.109 –0.410∗ –0.292 –0.217
0.068 0.297 0.265 0.164 0.113 0.153 0.140 0.595 0.037 0.148 0.286

Attention/ working memory z-score –0.105 0.013 0.037 0.048 –0.228 –0.264 –0.248 0.070 –0.109 –0.015 0.148
0.610 0.948 0.859 0.815 0.263 0.192 0.222 0.734 0.597 0.942 0.469

Memory z-score –0.013 –0.089 0.156 –0.046 –0.086 0.068 –0.170 –0.119 0.207 –0.157 0.084
0.950 0.066 0.448 0.823 0.363 0.741 0.407 0.563 0.310 0.444 0.682

∗p < 0.05, ∗∗p < 0.01. KPSS: Kings Parkinson’s Pain Scale; ESS: Epworth Sleepiness Scale; PFS: Parkinson Fatigue Severity Scale; PAS TS:
Parkinson Anxiety Scale total score; BDI-II: Beck Depression Inventory; TUG: Timed Up and Go; TUGdt: Timed Up and Go Dual Task.

For what concern our data about gait parameters
according to the cognitive status, no differences were
reported in speed and cadence between PD-MCI and
PD-NC patients, suggesting a limited role of cog-
nitive status on motor performance in the early PD
stages.

Otherwise, it should be considered that walking is
a complex task (Gaßner et al., 2017) characterized
by some locomotor parameters that are dependent
upon the integrity of specific brain control networks,
involved in cognition. For example, gait speed and
variability that are typically impaired in PD patients,
are associated with frontoparietal and dorsal atten-
tion control network, respectively (Lo et al., 2017;
Klobušiaková, Mareček, Fousek, Výtvarová, & Rek-
torová, 2019).

Moreover, PD-MCI patients showed worse scores
in all outcomes except for ESS, compared to those
without cognitive impairment. In particular, pain and
fatigue resulted more disabling in the PD-MCI group.
More in details, a correlation between visuospatial
deficit and fatigue has been found in the PD-MCI
group, in accordance with a previous work (Kluger
et al., 2017).

In our opinion, assessment of cognitive status in
early PD patients should be properly addressed to
comprehensively counteract the progression of motor
impairment, considering that cognitive issues can
even anticipate motor symptoms (Aarsland D, 2016).

Our findings support prompt identification and
management of cognitive impairment in PD patients,
thus minimizing its consequences on motor perfor-
mance at the beginning of the disease. Recently
published clinical guidelines, recommend a com-
bined pharmacological and non-pharmacological
(i.e., therapeutic exercise) approach to better manage
both motor and non-motor symptoms in PD patients

(Martignon et al., 2021), but a consensus about the
effectiveness of this strategy in early PD patients has
not been reached so far.

As implications for clinical practice, our results
suggest a routine assessment of motor and non-motor
symptoms since the beginning of PD. A multidis-
ciplinary approach to counteract these symptoms,
through pharmacological and non-pharmacological
treatment options, might reduce the functional burden
in these patients. Moreover, an early individualized
rehabilitation plan could enhance the effectiveness
of drug therapy and patient’ compliance, along with
benefits in terms of quality of life (McGinley, et al.,
2012).

The main strength of our study consists in accu-
rate selection of study population according to the
gold standards for the identification of motor-related
disability and cognitive status in early PD patients.
Furthermore, we carried out an instrumental assess-
ment of gait parameters by using a wearable inertial
sensor that has been validated and considered as a
reliable and feasible method to assess walking kine-
matics in several diseases (Celik, Stuart, Woo, &
Godfrey, 2021). Recent findings support the use of
these devices in PD considering their high sensi-
tivity and representativeness of real-world scenarios
(Petraglia et al., 2019). Therefore, the use of wear-
able devices might be helpful in the identification and
monitoring of gait changes in PD population.

However, our study has some limitations. The
rigorous inclusion criteria (i.e., mH&Y score ≤ 2,
patient evaluated in “OFF” stage) result in poor
external validity, considering huge variability of PD
clinical status (i.e., motor evaluation in “ON” status).
The gender distribution underrepresents female par-
ticipants. This topic should be considered for future
research, due to the high prevalence of depression
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observed in PD females (Perrin et al., 2017) and its
potential impact on gait performance. Moreover, the
heterogeneity of the effectiveness of drug therapy for
PD on investigated outcome measures might affect
our findings. It would be interesting to investigate
other NMSs (e.g. visceral impairments as cardiovas-
cular, gastrointestinal and urinary issues) on motor
performance in PD patients.

5. Conclusions

This observational study showed that NMS may
be associated with walking performance, since in the
early stage of PD. The main findings of this study are
the significant correlations among fatigue, attentional
skills, and gait pattern alterations. On the other side,
cognitive status seems to have a limited role on motor
performance in early PD patients.

Finally, instrumental assessment of walking kine-
matics should be considered as mandatory to better
characterize motor impairment in PD patients.
This strategy will improve management planning,
particularly about rehabilitation interventions, by
encouraging exercise prescription already in early PD
patients.
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