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BODY COMPOSITION AND POSTURAL INSTABILITY IN PEOPLE
WITH IDIOPATHIC PARKINSON'’S DISEASE

A.S. Diab, L.A. Hale, M. A. Skinner, G. Hammond-Tooke, A.L. Ward, D.L. Waters

Abstract: Objectives: Idopathic Parkinson’s disease (PD) is the second most common neurodegenerative disorder. Our objective
was to investigate the relationship between body composition and postural instability in people with PD, and age- and sex-
matched controls. Design: Cross-sectional study among PD sufferers and age- and sex-matched controls. Setting: University of
Otago’s Balance Clinic, School of Physiotherapy. Participants: Forty-seven people with PD and 58 age- and sex-matched controls.
Measurements: Postural stability was assessed with the Sensory Organization Test, Motor Control Test, Timed Up and Go Test, and
Step Test. Body composition was measured by dual energy x-ray absorptiometry (DXA). Movement Disorders Society-Unified
Parkinson’s Disease Rating Scale was applied to assess PD severity. Results: Mean group differences between PD and controls
for the equilibrium composite score, Timed Up and Go Tests, and Step Test were statistically significant (p<0.05); strategy and
latency composite scores and body composition variables were not (p>0.05). Three PD participants were sarcopenic; 15 PD and 24
controls were obese. In PD participants, total body lean mass and age predicted latency composite scores. Disease, age, and leg fat
mass predicted the Timed Up and Go Test results (p<0.05). Sex and disease predicted the equilibrium composite score (p<0.01).
Conclusion: The prevalence of obesity was high and sarcopenia low in the PD group, which is a novel finding. Not surprisingly,
participants with PD had reduced postural stability compared to controls. Disease status, age and sex were influential factors in
the weak relationships found between postural stability and body composition. These findings may have clinical relevance for the
treatment of the physical symptoms of those suffering from PD.
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Introduction Postural instability is also prevalent in older adults
without PD, resulting in increased risk of falling (11),
Idiopathic Parkinson’s disease (PD) is a common and the associated factors are numerous (12). One
neurodegenerative disorder, which presents with possible factor identified in older adults is abnormal
a variety of motor and non-motor manifestations (1). body composition phenotype, which is associated with
Postural instability is considered a cardinal sign of Jogses in lean body mass and bone mineral density, and
PD, impacting independence and increasing falls risk jncreases in fat mass and a sarcopenic-obese phenotype
(2). Postural instability typically presents late in PD, (13, 14). The association between reduced physical
(3) although mechanisms for this timing are not fully  function and the sarcopenic obese phenotype has been
understood. A number of factors have been suggested widely reported (15, 16).
which include deficits in anticipatory and reactive Body composition in PD has been investigated (17-20),
responses to perturbations (4), visual and vestibular  especially in those with advanced stages of the disease
systems (5), sensory-motor integration (6), muscle tone (18), and it has been reported that people with PD are
(7), cognition (8), and muscle power (9). A recent review  disproportionately sarcopenic (21). To our knowledge,
identified six primary factors contributing to postural no research has focused on the association between body
instability in PD, dysfunction in sensory reorganization, composition phenotype and postural instability in PD.
bradykinesia, abnormal postural response patterns, The aim of this study was to investigate this relationship.
L-dopa induced dyskinesia, hypotension, and cognitive

impairment (10). Methods
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Lower South Regional Ethics Committee, New Zealand
approved the study.

Participant recruitment

Participants with PD were recruited through the
Dunedin Hospital Neurology Department, the Parkinson
Society, and via community advertising. Control
participants were recruited via community advertising.
Volunteers were screened for eligibility by telephone
using a standardised checklist. Those meeting eligibility
requirements were sent a study information sheet and
assigned an appointment time, at which time eligibility
and consent was confirmed. The diagnosis of PD was
confirmed by the study neurologist. Inclusion criteria
were age over 40 years, and the ability to perform the
measurement tests independently with or without
assistive mobility devices. Participants with other
types of Parkinsonism, the inability to undergo the
measurement tests safely due to cognitive or physical
disability, or significant co-morbidity were excluded.
Inclusion criteria for controls were age and sex-matched
to the participants with PD, with no known neurological
disorder, and self-reported to be sedentary.

Study procedures

All participants attended two appointments. Degrees
of PD severity were assessed with the Movement
Disorders Society-Unified Parkinson’s Disease Rating
Scale, and disease stage was defined by Hoehn and Yahr
(22).

Postural instability was tested using both
computerised posturography and clinical measures.
Computerised posturography included the Sensory
Organization Test (SOT) and the Motor Control Test
(MCT) performed on the NeuroCom® Smart EquiTest®
version 8.4.0. The clinical measures were the Timed Up
and Go Test used without (TUG B) and with (TUG H) a
concomitant cognitive task, which was naming the days
of the week backwards, and the Step Test. The retest
and inter-rate reliability of the TUG among people with
PD has been found to be high during both L-dopa “off”
and “on” states. The Step Test is a simple, reliable test
commonly used for investigating dynamic stability and
postural responses in older adults (23) and reliability
has been reported to be good for those with PD and
comparison groups (24).

Dual-energy X-ray Absorptiometry (DXA; Lunar
DPX-L scanner GE LUNAR Corp; Madison, WI)
was used to measure whole body and regional body
composition. Prior to testing the scanner was calibrated
per manufacturer protocol. Height and weight were
measured using a standardized protocol. The
appendicular skeletal muscle (ASM) was calculated by
summing lean mass in the arms and legs. Phenotypes
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were determined by validated criteria. The sarcopenic
phenotype was defined as ASM Index (ASM /height2) of
< 7.26 and <5.4 for males and females, respectively, and
obese as an ASM Index of > 27% and >38% for males and
females, respectively (15).

Data Analysis

Data were entered into the SPSS statistics computer
programme. Data from the postural stability tests and
body composition were described in terms of mean
and 95% ClIs. The Student’s T-test was used to compare
the mean of the study and control groups for each test
variable. Pearson’s correlation coefficients (r) tests were
used to test the strength and direction of association
between the postural stability and body composition
variables for the stepwise regression analysis. The
selection criterion for choosing variables for regression
was based on the results of the correlation analysis and
informed by variables used in previously published
research (25). Eight predictor variables (sex, age, disease,
total body lean, total body legs lean, total body fat,
percent body fat, and total body legs fat) used in the
stepwise regression model.

Results

Table 1 shows participant characteristics from
47 participants with PD (male 57%), and 58 control
participants (male 34%). Twenty-seven participants were
in a moderate state (stage II) of PD, seven were in an
advanced state (stage III-IV), and thirteen were in a
mild state (stage I). Forty-one PD participants were on
anti-Parkinsonian medications. No participants with PD
had received deep-brain stimulation prior to the study.
Dyskinesia was reported in those in stage II, and one
participant in stage III. Dyskinesia was slight to mild
and was self-reported not to impact on activities of daily
living. Participants with PD who were on medication
were categorized as in a state of “on” drug therapy.

Table 2 shows the mean and 95% confidence intervals
for the postural stability tests and the body composition
variables. To maintain balance both groups were
primarily using the ankle strategy (79%) and without
a delay, as the differences were non-significant for the
strategy composite and latency composite scores. The
mean Body Mass Index (BMI) was not significantly
different between the PD and control groups.

There were no significant differences in the body
composition variables. Males in the PD group had
slightly less total fat mass than control males. The mean
total fat mass in the PD female group was higher than
the control females; however, these differences were not
significant (Table 2). The number of females with obesity
in both the PD and the control group were nearly double
that of the males (9%, 26%, respectively).
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Descriptive characteristics of the PD and Control groups

Table 1

Demographic parameters
Mean (SD or %)

PD group (n=47)

Control group (n=58)

Male n=27 Female n=20  Total n=47 Male n=20 Female n=38  Total n=58
Age years (SD) 68.2 (9.8) 69.4 (8.2) 68.7 (9.1) 66.7 (11.6) 68.8 (8.8) 68.1(9.8)
Height cm (SD) 172.2(5.2) 159.4 (6.5) 166.8 (8.6) 173 (7.8) 163 (7.8) 166.4 (9.1)
Weight kg (SD) 77.3 (12.8) 72.1(15.4) 75.1 (14.1) 77.3 (11.8) 69.6 (14.5) 72.3 (14)
Body mass index kg/m2 (SD) 26.1 (4.3) 28.3 (5.7) 27 (5) 25.8 (3.18) 26.1(4.9) 26.0 (4.5)
Disease duration (years) 4.90 6.20 5.45 (4.7)
*MDS-UPDRS score 447 48.8 46.46 (17.7)
n n n(%)
“*Disease staging
Stage I 7 6 13 (27.65)
Stage 11 17 10 27 (57.44)
Stage III 2 3 5(10.63)
Stage IV 1 1 2 (4.25%)
+»On” / “Off» state (Yes) 9 7 16 (34%)
Side affected first (n)
Right side 12 10 22 (47%)
Left side 12 10 22 (47%)
Unsure 2 1 3(6%)
Total number 27 20 47 20 38 58

*MDS-UPDRS: Movement Disorders Society —~Unified Parkinson’s Disease Rating Scale results; **Hoehn and Yahr; + «On” /“Off»: state of medical therapy

The three participants with PD in the sarcopenic
phenotype were of relatively advanced age (=75.6 years)
but varied in disease stage and severity of symptoms.
Neither group presented as the sarcopenic obese
phenotype. In fact, most presented as obese. There was
a small positive relationship between total leg fat mass
and the TUG B and TUG H scores. Disease, sex, and age
were each found to be predictive of body composition
in relation to postural stability. Disease predicted the
equilibrium composite score, the TUG B and the TUG H
scores, and age predicted the latency composite score and
the TUG B and TUG H.

Of the many variables considered for the prediction
equation, only a small subset of variables was selected
to obtain good predictive results to fit the model. Results
revealed a very low to moderate level of multicollinearity
between the predictors. The equilibrium composite
variable was not significantly correlated in either the PD
or the control groups, but was deemed necessary to keep
in the regression model, as it is widely used clinically
to assess postural stability (25). Table 3 summarises the
results of the stepwise regression. In the group with PD,
total body lean mass, leg fat mass, sex, age, and disease
stage significantly predicted postural instability.
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Discussion

We found a significant difference in postural stability
between those with PD and an age- and sex-matched
control group as measured by the SOT equilibrium
composite score, the MCT, the TUG Tests and the Step
Test. The SOT strategy composite score and the MCT
latency composite scores were not significantly different.
There was a significant difference between groups for
both the TUG B (p<.001) and the high cognition TUG H
(p<.001) tests.

We established a tenuous association between postural
stability and two body composition variables (total lean
body mass and leg fat mass); postural stability was
similarly associated with sex, age and disease status.
Of the body composition variables, total body lean
mass, appendicular lean mass and leg fat mass most
strongly predicted variations in postural stability. For the
posturography measures of postural stability, only the
latency composite score showed a relationship with body
composition variables, which was a positive association
with the total body lean mass variable.

Female sex was a negative predictor for the
equilibrium composite score. This agrees with previous
studies showing female gender to be a significant
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Table 2
Results for postural stability tests and body composition

Tests Test variables Groups Mean 95% confidence interval t-test (p value)
Lower bound Upper bound
Sensory organisation test Equilibrium PD 64.2 60.1 68.3 -2.03 (p<.04)
composite score *Con 69.5 66.2 72.8
Strategy (%) IPD 79.1 77.0 81.1 **-0.13
composite score Con 79.3 76.4 82.2
Motor control test Latency (tms) composite score ~ PD 131.3  127.7 135.0 **-0.74
Con 133.1 129.9 136.2
Clinical tests | ITUGB (%s) PD 9.8 9.0 10.7 3.44 (p<.001)
Con 8.1 7.6 8.6
QTUG H (s) PD 10.9 9.8 12.0 4.52 (p<.001)
Con 8.1 7.6 8.7
§Step test (right)* PD 13.9 13.0 14.7 -3.64 (p<.001)
Con 15.7 15.1 16.3
§Step test (left)* IPD 13.5 12.5 14.5 -4.76 (p<.001)
Control  16.1 15.5 16.7
Body composition Total body lean mass (kg) IPD 49.1 46.4 51.9 **1.666
Control  46.1 43.7 48.5
Total leg lean mass (kg) IPD 16.8 15.7 17.8 **1.541
Control 15.7 14.8 16.6
Appendicular lean mass (kg) IPD 22.3 20.8 23.7 **1.636
Control  20.7 19.4 22.0
Total body fat mass (kg) IPD 23.4 20.1 26.7 **.0.332
Control  24.1 21.5 26.7
Total leg fat mass (kg) IPD 8.0 6.8 9.3 **.0.549
Control 8.5 7.4 9.5
Percentage body fat (%) IPD 30.2 26.8 33.6 **-1.288
Control  33.0 30.3 35.7

*Control; **Not significant; Tmillisecond; #seconds; §number of steps in 15 seconds; | | TUG B: Timed Up and Go Basic test; TUG H: {Timed-Up and Go High cognition

test

contributor to variance in balance control in PD (26, 27).
Age and disease were found to be positive predictive
factors for postural stability as reported by previous
studies (11). There were no significant differences in
BMI, body composition variables or body composition
phenotype, which is not consistent with previous studies.
For example, in a meta-analysis of seven studies (28),
people with PD had a significantly lower BMI than the
comparison group, correlated with disease staging. Also,
DXA results in the present study showed no participants
with sarcopenic obesity, which is consistent with the
findings of Toth et al (29), but inconsistent with other
studies reporting the presence of sarcopenic obesity in
those with PD (18-21).

Notably, only three of our participants with PD were
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sarcopenic. This is an unusual finding, as PD is often
linked with sarcopenia (18-21). Obesity is not a body
composition phenotype normally associated with PD, yet
one-third of our participants with PD were found to be
obese. Revilla et al showed total fat and percentage of fat
were higher, and the total lean mass was lower, in males
with PD when compared with male controls, suggesting
a sarcopenic phenotype; females with PD and female
controls had similar values (19). Thus, our findings with
regard to obesity in individuals with PD are unique and
may reflect rising levels of obesity in the general older
adult population (15).

Potential study limitations include the cross sectional
design, the fact that participants with PD were primarily
in a mild to moderate staging of their disease, which may
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Table 3

Summary of the stepwise regression results

Factor Predictors % variance R2and F
Equilibrium composite score (*SOT) - sex 4.1% 10.5%, F 5.985+
+ disease 6.4%
Latency composite score (SOT) + total body lean 11.3% 22.1%,F =14.48
+ age 10.8%
Timed Up and Go Basic test (TUG B) - disease 11.0% 25%, F =11.464%
+ age 10.0%
+ leg fat 4.0%
Timed Up and Go High cognition test (TUG H) - disease 18.0% 30%, F=14.630%
+ age 9.0%
+ leg fat 3.0%
Step Test (Right side only) - disease 11.0% 11%, F =13.265%
*SOT: Sensory Organization Test, t=p<0.01, = p<0.001
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