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ARTICLE

Muscle strength and executive function as
complementary parameters for the assessment
of impairment in Parkinson’s disease

Forca muscular e funcao executiva como parametros complementares para a
avaliacao do comprometimento da doenca de Parkinson

Dannyel Barbirato’?, Alessandro Carvalho™?2, Narahyana Bom de Araujo™?, José Vicente Martins?,
Andrea Deslandes™?®

ABSTRACT

Objective: To evaluate the relationship between the quantitative results of functional and cognitive performance of patients with Parkin-
son’s disease (PD) and disease severity; and to study the relationship between patients functional and cognitive capacity and motor impair-
ment (Unified Parkinson’s Disease Rating Scale - UPDRS Ill). Method: Twenty-nine subjects clinically diagnosed with PD were classified
into three groups according to disease severity using the modified Hoehn and Yahr Scale (H&Y). They were submitted to functional (Senior
Fitness Test) and neuropsychological tests. Stepwise regression analysis showed a significant association between H&Y and upper limb
strength (r>=0.30; p=0.005) and executive function (r>=0.37; p=0.004). In relation to UPDRS Ill, there was a significant association between
lower limb strength (r>=0.27; p=0.010) and global cognitive status (r?=0.24; p=0.024). Conclusion: The implementation of simple tests of
functional capacity associated with neuropsychological testing can help to assess disease severity and motor impairment, and can be used
to monitor the response to treatment in PD.
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RESUMO

Objetivo: Avaliar a relacéo entre resultados quantitativos do desempenho funcional e cognitivo de pacientes com doenca de Parkinson (DP)
e a gravidade da doenca; estudar a relacéo entre a capacidade funcional e cognitiva dos pacientes e o comprometimento motor (Unified
Parkinson’s Disease Rating Scale - UPDRS II1). Método: Vinte e nove sujeitos diagnosticados clinicamente com DP foram classificados em trés
grupos de acordo com a gravidade da doenga através da Escala de Hoehn & Yahr (H&Y) modificada, e submetidos a testes funcionais (Senior
Fitness Test) e neuropsicolégicos. As analises de regressao Stepwise mostraram associacao significativa entre a gravidade da doenca e a
forca de membros superiores (r?=0,30; p=0,005) e a funcao executiva (r?*=0,37; p=0,004). Em relacéo ao comprometimento motor, houve as-
sociacao significativa com a forca de membros inferiores (r?=0,27; p=0,010) e com o estado cognitivo global (r?=0,24; p=0,024). Concluséao:
Testes simples de capacidade funcional associados a testes neuropsicoloégicos podem contribuir para a avaliacao da gravidade e do compro-
metimento motor e podem ser utilizados para o acompanhamento da resposta ao tratamento da DP.
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Parkinson’s disease (PD) is considered the second most
prevalent neurodegenerative disease, with an estimated
worldwide incidence of 160 cases per 100,000 population’,
and can lead to a rapid decline in patients’ physical and men-
tal health®. Although usually classified as a movement-rela-
ted disorder in terms of its cardinal signs (tremor, rigidity,
bradykinesia and postural instability), PD should be consi-
dered a systemic disease, since Parkinsonians commonly
manifest non-motor symptoms, such as sensory, autonomic,
cognitive and behavioral changes®, prior to the motor altera-
tions (preclinical phase)’.

The evaluation of impairment and disease progression
is usually carried out using recognized and validated scales
such as the UPDRS (Unified Parkinsons Disease Rating
Scale)®® and the modified Hoehn and Yahr Scale (H&Y)'. The
domains assessed by these scales (motor and non-motor
experiences relating to inactivities of daily living, motor
examination and motor complications) show anatomical-
clinical correlations between injured areas in the brain and
symptoms relevant to each stage®. Monitoring these chan-
ges allows us to hypothesize a timeline of motor and non-
motor impairment evolution as the stages of PD advance’.
The progression of PD is closely related to the loss of func-
tional capacity, disability, the limitation in performing ba-
sic and instrumental daily living activities, and the impair-
ment of mental health'. Although the disease progression
can be viewed ‘didactically’ by the linear model suggested
by Hawkes et al.?, in clinical practice a linear relationship
does not necessarily exist between the onset of motor and
non-motor signs and the Hoehn & Yahr stages.

Although the UPDRS and Hoehn & Yahr scales are in-
dispensable for the recognition of the different stages of
the disease, it is necessary to further complement the clini-
cal evaluation using rating scales and quantitative instru-
ments that measure functional capacity and non-motor
symptoms. The new version of the UPDRS" includes an
evaluation of non-motor experiences in daily activities;
however, there are still gaps to be filled in order to recog-
nize specific aspects of the cognitive and functional capa-
city of Parkinsonians. Some studies have adopted neuropsy-
chological tests in PD patients to cover a greater number
of fields related to mental health. Likewise, the use of the
Senior Fitness Test (SFT) to quantitatively assess functional
capacity has recently been tested and correlated moderate-
ly with the UPDRS™.

We hypothesized that the evaluation of functional and
cognitive capacity may contribute to monitoring treatment
progress in PD. Therefore, the aim of our study was to eva-
luate the relationship between the cognitive and functional
performance of patients with PD and their disease severity
(H&Y). In addition, we evaluated the relationship between
patients’ functional and cognitive capacity and their motor
impairment (UPDRS III).
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METHOD

Subjects

Twenty-nine subjects who had been clinically diagnosed
with PD by neurologists according to the UK Parkinson’s
Disease Society Brain Bank clinical diagnostic criteria*at the
Institute of Neurology Deolindo Couto (INDC) of the Federal
University of Rio de Janeiro (UFR]), participated in this study
To evaluate variables such as behavior, activities of daily li-
ving (ADL), motor function and disease severity in PD pa-
tients, the UPDRS** and the modified Hoehn and Yahr Scale’
were used. The subjects were classified into three groups ac-
cording to disease severity: group 1 (H&Y stage 1 and 1.5,
mild, with unilateral involvement), group 2 (H&Y stage 2
and 2.5, moderate, with bilateral involvement and no impair-
ment of balance) and group 3 (H&Y stage 3, moderate, with
bilateral involvement and balance impairment). The Mini
Mental State Examination (MMSE)" was applied to assess
the subjects” global cognitive status, and depressive symp-
toms were assessed using the Hamilton Depression Rating
Scale (HAM-D)". Inclusion criteria were: age between 45 and
80 years, a diagnosis of PD, and stage 1-3 on the H&Y scale’.
Exclusion criteria included any disease that hindered the ap-
plication of an evaluation instrument, previous cerebral in-
farction or other mental comorbidities, the use of treatment
such as psychotherapy, and illiteracy. All subjects gave in-
formed consent and the study was approved by the Ethics
Committee of the INDC (protocol number 008-09-CEP).

Functional capacity evaluation

To assess functional capacity, the following tests (from
the Senior Fitness Test)'® were used: Chair Stand Test (lower
limb strength), Arm Curl Test (upper limb strength), 2-Minute
Step Test (lower limb endurance), Chair Sit and Reach Test
(lower limb flexibility), Back Scratch Test (upper limb flexi-
bility), and 8-Foot Up and Go Test (agility and dynamic ba-
lance). Besides these, we also used the 10-Meter Walk Test
(walking speed), Timed Up and Go (TUG) Test modified",
Functional Reach (dynamic balance and fall risk)'? and Berg
Balance Scale (functional balance and fall risk)*. All of these
tests have good reliability and validity values'®.

Neuropsychological evaluation

To assess the neuropsychological aspects of PD, the fol-
lowing evaluation tools were used: Trail Making Test (TMT)
A and B (executive function)”, Stroop Test (attention and
inhibitory control)*, Verbal Fluency Test (animal category-
word production and semantic memory)*, Rey-Osterrieth
Complex Figure Test (ROCF) immediate and delayed recall
conditions (visuospatial ability and visuospatial memory)*,
and subtests of the revised Wechsler Adult Intelligence Scale
(WAIS-R)* [Forward and Backward Digit Span Test (wor-
king memory), Digit Symbol Test (processing speed) and

949



Similarities (verbal comprehension and abstract reasoning)].
We used validated Portuguese versions of the tests.

Statistical analysis

To test for the normality and homoscedasticity of data,
the Shapiro-Wilk and Levenes tests were applied, respective-
ly. To compare the three groups we used one-way ANOVA for
parametric data and a Kruskall-Wallis one-way ANOVA for
nonparametric data, with a Tukey post hoc test. In addition,
a stepwise regression analysis was performed to determine
cognitive and functional variables that were best related to
motor impairment (UPDRS III) and disease severity (H&Y).
Data analysis was performed using SPSS’ software version
19. (New York, EUA) A significance level of p<0.05 indicated
statistical significance.

RESULTS

Sample characteristics are described in detail in Table 1.
There was no statistically significant difference between
age, weight, height, education, duration of disease, co-
morbidities, number of medications, MMSE or HAM-D. As
expected, there was a significant difference in UPDRS III
between groups (Table 1), and the post hoc test showed
that there was a difference between group 1 (stage 1-1.5)
and group 3 (stage 3) (p=0.007). Regarding functional ca-
pacity, patients in group 1 (stage 1-1.5) showed better per-
formance in upper limb strength than those in group 3
(stage 3) (p=0.037) (Table 2). In terms of cognitive domains,
a significant difference was found in the Verbal Fluency
Test (Table 3). The post hoc test showed that there was a
difference between group 3 (stage 3) and groups 1 (stage
1-1.5) (p=0.011) and 2 (stage 2-2.5) (p=0.029). Moreover,
there was a significant difference in the delayed recall
condition of the Rey Complex Figure Test between group

Table 1. Sample analysis.

1 (stage 1-1.5) vs group 2 (stage 2-2.5) (p=0.027) and 3
(stage 3) (p=0.008) (Table 3).

Finally, the stepwise regression analysis showed an asso-
ciation between the delayed recall of complex figures and
upper limb strength with disease severity (H&Y). Motor
impairment (UPDRS III) was associated with lower limb
strength and global cognitive status (MMSE) (Figure 1).

DISCUSSION

The present study aimed to evaluate the relationship bet-
ween the cognitive and functional quantitative performance
of PD patients and disease severity, as well as the relationship
between motor impairment (UPDRS III) and patients’ cogni-
tive and functional capacity. Based on normative data from
healthy elderly®, we found that the fitness level of our sample
was below the expected level of fitness in both upper (73%)
and lower (82%) body strength.

Using a regression model, we found an association bet-
ween disease severity (H&Y) and upper limb strength that
correlated with the level of disease severity in 30% of our
sample, showing that simple tests of upper limb strength can
contribute to the evaluation of PD staging. In addition, the
delayed recall condition of the Rey Complex Figure Test cor-
related with the level of disease severity in 37%, indicating
that visuospatial memory is directly related to the worse-
ning of PD. In terms of motor impairment (UPDRS III), there
was an association with both lower limb strength and global
cognitive status—correlating with the level of impairment
in 27% and 24%, respectively—showing that both functio-
nal capacity and cognitive function influence the motor per-
formance of PD patients. As expected, significant differen-
ces were found between the UPDRS motor scores of group 1
(stage 1-1.5) and group 3 (stage 3) patients. However, no sig-
nificant differences were found between group 2 (stage 2-2.5)

Group 1 Group 2 Group 3
H&Y (1-1.5) H&Y (2-2.5) H&Y (3) F p
n=6 (4M / 2F) n=17 (14M / 3F) n=6 (3M / 3F)
Age (years)? 59.50 (58.00-66.50) 63.00 (53.50-72.50) 64.00 (58.75-77.00) 0.968 0.616
Weight (kg) 72.81£19.12 69.81+15.87 65.17£10.25 0.367 0.696
Height (cm) 168.33+9.14 167.00+8.91 161.33+5.81 1.261 0.301
Education (years) 7.50 (6.25-9.75) 8.50 (5.00-15.75) 6.00 (5.00-9.50) 0.875 0.689
Duration of disease (years) 6.33+3.67 5.65+£2.52 6.00£2.28 0.149 0.863
Comorbidities (n°)? 1.50 (1.00-2.00) 1.00 (0.50-2.00) 1.00 (0.75-2.00) 0.773 0.680
Medications (n°)? 2.50(1.75-3.25) 2.00 (2.00-3.00) 3.00(2.00-3.25) 0.674 0.714
UPDRS Ill motor (score) 24.83+9.20° 35.71£10.10 4317+7.47° 5727  0.009°
MMSE (score)? 28.00(27.75-29.25) 26.00 (24.00-28.50) 23.00(20.75-27.50) 5.839 0.054
Hamilton (score) 3.67+£2.16 6.94+4.34 7.50+4.72 1.702 0.202

@ X?Kruskal-Wallis one-way ANOVA. Data are expressed as mean+standard deviation for parametric data and median (interquartile intervals 25-75%) for
non-parametric data;° Difference between groups 1 and 3;¢ p<0.05.
F:female; HY: Hoehn and Yahr scale; M: male; MMSE: Mini Mental State Examination; UPDRSIII: Unified Parkinson’s Disease Rating Scale.
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Table 2. Functional capacity of patients with Parkinson’s disease according to disease severity.

Group 1 Group 2 Group 3
Functional capacity H&Y (1-1.5) H&Y (2-2.5) H&Y (3) F P
n=6 (4M / 2F) n=17 (14M / 3F) n=6 (3M /3F)

Berg Balance Scale (points) 53.33+2.80 51.88+3.50 50.50+5.28 0.836 0.445
Functional Reach (cm) 25.88+8.99 2413+6.89 28.23+10.57 0.578 0.568
8-Foot UP and Go Test (seconds)? 8.22(7.95-10.35) 9.87(8.47-11.31) 11.54 (778-15.16) 1.917 0.383
TUG modified (seconds) 10.43+1.78 14.31+6.01 1414+417 1.337 0.280
10 Meter Walk Test (seconds)? 7.52 (5.80-8.57) 7.21(5.89-8.12) 9.85(6.67-13.15) 2.048 0.359
2-Minute Step Test (repetitions)? 63.50 (49.00-77.75) 54.00 (39.50-78.00) 30.00 (22.50-58.50) 3.479 0176
Arm Curl Test (repetitions) 1717+3.76° 14.41+4.15 11.17+3.54° 3.440 0.047¢
Chair Stand Test (repetitions) 12.60+4.04 10.71+£8.37 8.67+2.07 1.987 0.158
Back Scratch Test (cm) -19.50+14.72 -25.85+12.48 -24.75+13.73 0.519 0.601
Chair Sit and Reach Test (cm)? -16.00 (0.00-21.25) 0.00 (0.00-(-16.50)) -9.50 (-3.75—-(-15.88)) 2158 0.340

aX? Kruskal-Wallis one-way ANOVA. Data are expressed as meantstandard deviation for parametric data and median (interquartile intervals 25-75%) for

non-parametric data;° Difference between groups 1 and 3;¢ p<0.05.

F:female; HY: Hoehn and Yahr scale; M: male.

Table 3. Cognitive function of patients with Parkinson’s disease according to disease severity.

Group 1 Group 2 Group 3
Cognitive aspects H&Y (1-1.5) H&Y (2-2.5) H&Y (3) F P
n=6 (4M / 2F) n=17 (14M / 3F) n=6 (3M /3F)

TMT A (seconds)? 44.00 (35.75-64.00) 82.00 (38.00-103.00) 99.00 (54.00-129.25) 2.754 0.252
TMT B (seconds) 118.50+48.89 184.64+135.79 147.80+106.53 0.723 0.496
Stroop Core Test (seconds)? 25.00 (17.75-28.50) 30.50 (24.25-34.00) 34.50 (26.00-65.00) 4.517 0.104
Digit Foward Test (score) 5.83+1.47 5.35+1.97 4.33+1.75 1.072 0.357
Digit Backward Test (score)? 5.00 (3.75-6.00) 5.00 (3.50-6.00) 2.50(2.00-4.25) 5177 0.075
Digit Symbol Test (score) 24.00£10.14 17.75+£10.87 12.17+9.83 1.899 0171
Similarities (score) 16.00+£2.97 16.41+5.44 13.83+5.04 0.601 0.556
Verbal Fluency Test (score) 21.17+5.00 18.82+3.84 13.00+5.66° 5.521 0.010*
Rey Figure (score)? 33.00 (30.75-34.00) 29.00 (17.25-33.75) 22.00(12.50-31.00) 4.694 0.096
Rey Figure delayed recall (score) 19.17+9.28¢° 9.46+6.59 5.00+4.47 6.215  0.008°

aX?Kruskal-Wallis one-way ANOVA. Data are expressed as meantstandard deviation for parametric data and median (interquartile intervals 25-75%) for
non-parametric data; °Difference between group 3 vs groups 1 and 2;¢Difference between group 1 vs groups 2 and 3;¢* p<0.05.
A and B:executive function; F:female; HY:Hoehn and Yahr scale; M:male; TMT:Trail Making Test.

patients and the other two groups; the same was true for the
upper limb strength test. These results show that the UPDRS
motor examination seems to be more sensitive to changes in
the early and moderate stages of PD [group 1 (stage 1-1.5)
and 3 (stage 3)], but is inadequate for distinguishing interme-
diate stages [group 2 (stage 2-2.5)].

Regarding cognition, the present study found that verbal
fluency performance is directly related to disease severity.
This result was also found in another study from our la-
boratory®. Similar neuropsychological findings suggest that
cognitive deficits in PD are reflected by instruments that

evaluate executive functioning?

, as in the Verbal Fluency
Test. These cognitive deficits worsen in the later stages
of PD%. It was also found that the delayed recall of com-
plex figures was related to disease severity (H&Y), i.e., the
more severe the disease, the greater the deficit in visuospa-
tial memory. Deficits in visuospatial functions® and visual

memory in PD have been reported elsewhere®. Specifically,

Dannyel Barbirato et al. Parkinson: muscle strength and executive function

visual memory impairments have been observed only in the
later stages of the disease™. These neuropsychological defi-
cits can be explained by changes in the patients’ dorsola-
teral prefrontal area®?.

Little is known about the correlation between disea-
se stage assessed qualitatively through the UPDRS and
H&Y, and quantitative functional tests (such as the Senior
Fitness Test battery), making it difficult to contextualize
our results. Cancela et al.”? correlated the SFT with the to-
tal UPDRS (r =0.70; p<0.01) and the UPDRS motor examina-
tion (r =0.661; p<0.01). Our study showed that the SFT can
be safely applied to PD patients between stages 1 and 3 of
the H&Y scale, which is in agreement with Cancela et al.™.
In another study, Barbieri et al.** found a correlation between
endurance, strength, coordination, balance and agility tests
with the UPDRS motor examination. However, when sepa-
rated into groups (unilateral or bilateral compromise), a cor-
relation was found only between the upper limb strength

951



952

3.5

% 3.0
L 2.54
2
o \8} 1.5
% 1.0 ® ooo °
L 0.54
a
0.0 T 1

T T T T
0 5 10 15 20 25 30
Upper limb strength
(repetitions)

= 60+ r’=0.27
%] ° =0.010
€ 50 e, .

g ° e °

=) 404 [ N o0

IS0 ® Ce,

GE) o 307 %

£3 o © °

8 207 Y ® [ N )

IS °

— 104

8

§ O T T T T 1

T
0 20 40 60 80 100 120

Lower limb strength
(repetitions)

r’=0.37
< T ° -
% p=0.004
L o0 o o
>
T3 ® oo o0 °
o 2
S5
O °
R
3 ° ° ° o0
@
@
R
a

T T T T
5 10 15 20 25 30 35

Executive function (rey figure delayed recall)
(score)

= 60+
&
& 501
o
=2 40
co
g3 307
=)
S 20
I
= 104
2
[e]
0 T T T 1
= 15 20 25 30 35
Global cognitive status (MMSE)
(score)

Figure 1. Relationship between disease severity (H&Y) and motor impairment (UPDRS Ill) with the functional and cognitive
capacity. UPDRS lll: Unified Parkinson’s Disease Rating Scale; H&Y: Hoehn and Yahr.

test and the UPDRS motor examination for both groups
(r=-0.34 / r=-0.53); no correlation was found between func-
tional tests and disease severity. Our findings corroborate
these authors’ findings with regard to the association bet-
ween the UPDRS motor domains and functional tests. Ho-
wever, we also found an association between upper limb
strength and disease severity (H&Y).

The loss of functional independence compromises the
performance of ADL, and therefore is a main target in reha-
bilitation treatments. A thorough evaluation of the level of
physical and mental impairments in PD patients is neces-
sary to foster strategies for disease treatment, and provide
assistance based on the specific needs of each patient. From
this viewpoint, our hypothesis presents a global evaluation
model for PD patients, which adds simple and well-valida-
ted tests. Our hypothesis has yet to be confirmed through the
application of this model to a broader population and over
time. Despite the non-motor and motor changes that are
known and expected with the development of PD, this study
shows the importance of evaluating specific aspects of func-
tional capacity and cognitive function. Upper and lower body
strength and executive function influence the severity of di-
sease, and should be used by both researchers and clinicians.

Normally, the executive dysfunction in PD progresses
to corresponding motor deficits®. Thus, the assessment of

Arg Neuropsiquiatr 2013;71(12):948-954

executive functions is suitable not only for assessing execu-
tive functioning, which is the primary cognitive deficit in
PD, but also as a complementary measure of motor changes.
Furthermore, as executive functions are related to cognitive
flexibility, planning and self-regulation of mental processes
and behavior (behavioral adaptation)*, a more complete as-
sessment of the functionality of the PD patients needs to take
into account the essential skills needed to perform ADL and
independent living, an examination of the executive func-
tions, and a physical examination.

There seems to be a relationship between the reduction in
physical function and the increased risk of mortality in PD pa-
tients®. In this context, the assessment of functional capacity
in PD has been increasingly reported in the literature!>*%,
highlighting a sensitive measure that could be used as a pos-
sible predictor for the evolution of the disease. These findings
justify the inclusion of functional capacity tests (e.g. upper
and lower limb strength) in the clinical evaluation of PD pa-
tients on account of their direct relationship with disability,
risk of falls, quality of life, worsening mobility and increased
mortality in PD.

This is the first study to propose a quantitative and more
comprehensive assessment of physical and mental health in
PD patients, combining traditional instruments such as the
UPDRS and the H&Y scale and supplemented by functional



capacity tests and neuropsychological evaluation. The me-
thodology proposed in this study corroborates the view that
Parkinsons disease should be recognized and treated as a
systemic disease.

Our study has major limitations, such as a small sample
size, use of the modified version of the H&Y scale, and a
cross-sectional analysis. Although the Senior Fitness Test
has normative scores, there is no normative database for the
Brazilian population. Future studies that compare normative
scores and different diseases (e.g., Alzheimer’s, Parkinson’s)
could further expand this area of research.
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