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MALNUTRITION RISK IN PARKINSON’S DISEASE  

S. Lindskov1,2,3, K. Sjöberg4, A. Westergren1, P. Hagell1

Introduction  

Parkinson’s disease (PD) is a progressive
neurodegenerative disorder characterized by motor
symptoms such as bradykinesia, rigidity and tremor.
Complications such as a fluctuating drug response and
dyskinesias often develop over time. Non-motor
symptoms, e.g., dysautonomia, are also common (1). One
poorly understood feature is unintentional weight loss
and undernutrition (2, 3).

Unintentional weight loss has been reported to occur
among up to a third of people with PD (4), and the
prevalence of undernutrition and undernutrition risk

have been reported to be up to 24% and 60%, respectively
(5). A recent meta-analysis of studies reporting body
mass index (BMI) among people with PD and healthy
controls found a significant difference with an average
BMI in PD 1.73 units below that of controls (95% CI, 1.11-
2.35) (6). Although weight loss has been found associated
with PD severity rather than duration (6), some studies
have found a relationship with disease duration (7), and
it may also occur early in the disease, even before PD
onset despite an increased energy intake (8).
Furthermore, longitudinal data have suggested an
association with PD duration with decreasing BMI and
increasing risk for undernutrition over time (9).
However, a weakness of many previous studies in this
area is that most of them have only examined BMI or
unintentional weight loss, without addressing nutritional
status in a broader sense by the use of valid and reliable
tools and indicators for nutritional status.

The cause of weight loss and undernutrition in PD
remains unknown, but reduced energy intake and/or
increased energy expenditure have been suggested as
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Abstract: Background: Unintentional weight loss and undernutrition have been found common in Parkinson’s disease but its
relation to other disease aspects is unclear. Objectives: To explore nutritional status in relation to disease duration in Parkinson’s
disease, as well as associations between nutritional status and motor and autonomic features. Design: Cross-sectional. Setting:
South-Swedish outpatient Parkinson-clinic. Participants: Home-dwelling people with Parkinson’s disease (n=71), without
significant cognitive impairment (mean age, 67.3 years; 56% men; mean disease duration, 6.3 years). Measurements: Parkinsonian
motor symptoms, mobility, activity level, disability, dyskinesias, dysautonomia, under- and malnutrition risk screening (using
MEONF II and MUST for undernutrition and SCREEN II for malnutrition) and anthropometric measures (BMI, handgrip strength,
triceps skin-fold, mid-arm circumference and mid-upper arm muscle circumference) were recorded. The sample was divided into
those with longer (n=34) and shorter disease duration (n=37) according to the median (5 years). Results: Longer disease duration
was associated with more, disability, dyskinesias and dysautonomia than shorter duration (P≤0.04). Mean (SD) body weight and
BMI were 80.3 (16.3) kg and 28.1 (4.8) kg/m2, respectively, and did not differ between duration groups (body weight, 80.9 vs. 79.6
kg; BMI, 28.0 vs. 28.3 kg/m2; P≥0.738). There were no differences in other anthropometric measures between duration groups
(P≥0.300). BMI identified 4% and 62% as under- and overweight, respectively, and 4% exhibited undernutrition risk, whereas 87%
were at risk for malnutrition. Nutritional and motor/dysautonomic variables showed relatively weak correlations (rs, ≤ 0.33), but
people with orthostatic hypotension had lower BMI (26.7 vs 29.2 kg/m2; P=0.026) and lower handgrip strength (33.2 vs 41.6 kg;
P=0.025) than those without orthostatic hypotension. Conclusion: Motor and autonomic features showed expected relationships
with disease duration. In contrast to these observations, and to most previous reports on nutrition in PD, frequencies of
underweight and undernutrition were low. However, malnutrition risk was high, emphasizing the need for regular clinical
monitoring of nutritional status. The reasons for the preserved nutritional status have to be explored prospectively.      
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possible factors (4).  However, there is also evidence
against this explanation (10), and other factors may also
contribute. For example, since autonomic centers such as
the hypothalamus are involved in weight control,
pathology within such areas may be related to weight
loss (10). Furthermore, insufficient awareness of
nutritional risks and failure to monitor nutritional status
may also contribute.

The objectives of this study were to explore nutritional
status, motor and autonomic features in relation to
disease duration in PD, as well as the association between
nutritional status and motor and autonomic features.

Methods

The study setting was a multidisciplinary outpatient
PD clinic at a South-Swedish central hospital serving a
population of about 170 000. Ninety-eight consecutive
people with idiopathic PD were invited to participate.
Inclusion criteria were independent living and absence of
clinically significant cognitive impairment (as determined
by the attending clinician and routine cognitive screening
(11)). All participants provided written informed consent.
The study was approved by the regional Research Ethics
Committee.

Procedures and data collection

The week before the study visit, participants were sent
a booklet of patient-reported rating scales to be
completed before the clinic visit. All visits were
scheduled in the morning at about 10-11 am following a
light breakfast. All data collection was conducted by the
same assessor, a PD specialized nurse trained in using the

rating scales, nutritional screening tools and
anthropometric measures employed here. 

Nutritional status was screened by using the SCREEN
II (12), MUST (13) and MEONF II (14) (Table 1). MEONF
II and MUST are clinical undernutrition screening tools,
whereas SCREEN II is a tool for screening of malnutrition
in general (not just undernutrition). Although the
MEONF II has been found to display advantages
compared to the MUST (13) we used both because the
MUST is more widely known and has been used in
previous PD studies (7). Anthropometric measures (15,
16) included body weight (kg), BMI (weight in kg/height
in meters2), estimation of body muscle and fat mass by
Triceps Skin Fold (TSF; mm) and Mid Arm
Circumference (MAC; cm). Mid-Upper Arm Muscle
Circumference (MUAMC) was calculating based on TSF
and MAC using the formula: MUAMC (cm) = MAC – 0.1
(3.14 x TSF). In addition, Hand Grip Strength (HGS; kg)
was measured in the right hand. Body weight and height
were measured using standard clinical equipment, an
analog scale (Stathmos-Lindell, Sweden) and a
stadiometer (Hultafors, Sweden), respectively, with
patients wearing light clothing and no shoes. TSF was
measured with a caliper (Skinfold Caliper Baseline,
Enterprises Inc., USA) at the back of the upper arm.
Subcutaneous fat was gripped 1 cm above the midpoint
between the shoulder (acromion) and the tip of the elbow
when the arm was hanging and relaxed. MAC was
measured using a flexible measuring tape (included with
the TSF caliper), halfway between the shoulder
(acromion) and the tip of the elbow. HGS was measured
using the Baseline Hydraulic Hand Dynamometer
(Enterprises Inc., USA), with a capacity of 90 kg.
Anthoprometric measures were recorded as the mean of
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Table 1
Rating scales and risk screening tools used in the current study a

Variable Rating scale Dimension Score range Score interpretation Reference
(number of items) (number of items)

Malnutrition risk SCREEN II (17) NA 0-64 Higher=better b (12)
Undernutrition risk MEONF II (6) NA 0-8 Higher=worse c (14)

MUST (3) NA 0-6 Higher=worse d (13)
PD motor symptoms UPDRS III (27) NA 0-108 Higher=worse (18)
Disability UPDRS II (7) NA 0-28 Higher=worse (18, 19)
Autonomic dysfunction SCOPA-AUT (23) Gastrointestinal functioning (7) 0-21 Higher=worse (20)

Urinary functioning (6) 0-18 Higher=worse (20)
Cardiovascular functioning (3) 0-9 Higher=worse (20)
Thermoregulatory functioning (4) 0-12 Higher=worse (20)
Pupillomotor functioning (1) 0-3 Higher=worse (20)
Sexual functioning (2) 0-6 Higher=worse (20)
Total score (23) 0-69 Higher=worse (20)

Physical activity mGPAS (1) NA 1-6 Higher=better (21)
Mobility NHP-PM (8) NA 0-100 Higher=worse (22)

a. All scales are patient-reported except for the MEONF II, UPDRS II (clinical interview and observation) and UPDRS III (clinical examination); b. Risk cut-off scores: <54
= any risk; <50 = high risk; c. Risk cut-off scores: >2 = moderate risk; >4 = high risk; d. Risk cut-off scores: 0 = low risk; 1 = medium risk; ≥2 = high risk; SCOPA-AUT,
SCales for Outcomes in PArkinson’s disease – Autonomic symptoms; mGPAS, modified Grimby Physical Activity Scale; SCREEN II, Seniors in the Community: Risk
Evaluation for Eating and Nutrition, version II; MEONF II, Minimal Eating Observation and Nutrition Form – version II; MUST, Malnutrition Universal Screening Tool;
NHP-PM, Physical Mobility section of the Nottingham Health Profile; UPDRS III, Unified Parkinson’s Disease Rating Scale, part III (motor examination); UPDRS II,
Unified Parkinson’s Disease Rating Scale, part II (activities of daily living); NA, not applicable.
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three consecutive measurements, and cut-off scores were
applied as recommended in the literature, including age-
adjusted BMI classifications (≤69 years old, BMI ˂20 =
underweight;  BMI ≥25 = overweight/obese, ≥70 years
old, BMI ˂22 = underweight; ≥27 = overweight/obese)
(15-17).

The presence or absence of dyskinesias was noted, and
PD motor symptoms were assessed by part III (motor
examination) of the Unified PD Rating Scale (UPDRS III)
(18) during the “on” phase (i.e., periods with good
antiparkinsonian drug response). Disability was assessed
by the disability score (19) of UPDRS part II (activities of
daily living) both for the “on” and the “off” (periods with
poor drug response and increased disability) phases. The
UPDRS III includes rating of the presence and severity of
various motor symptoms while conducting a
standardized neurological examination and the UPDRS II
disability score includes ratings of various patient-
reported disabilities in daily life as assessed during a
standardized interview (18). Autonomic dysfunction,
physical activity and mobility were assessed by patient-
reported rating scales (the SCales for Outcomes in
PArkinson’s disease – Autonomic symptoms (SCOPA-
AUT), the modified Grimby Physical activity scale
(mGPAS), and the Physical Mobility section of the
Nottingham Health Profile (NHP-PM), respectively).
Further details on all applied rating scales and screening
tools (12-14,18-22) are summarized in Table 1. In
addition, orthostatic hypotension (OH) was determined
by blood pressure measurements using a manual blood
pressure cuff (Jewel Movement Sphygmomanometer, AB
Henry Eriksson, Sweden) after 10 minutes rest,
immediately after standing up, and following 3 minutes

of standing (23). 

Analyses

Data were checked regarding underlying assumptions
and described and analyzed accordingly using IBM SPSS
20 (Armonk, NY: IBM Corp.) and Confidence Interval
Analysis 2.2 (www.som.soton.ac.uk/cia/).  The alpha-
level of significance was set at 0.05 (2-tailed). We did not
adjust for multiple testing due to the exploratory nature
of the study. The sample was divided into those with
shorter (˂5 years) and longer (≥5 years) PD duration
according to the median, and variables were compared
between these groups using chi-squared, Mann-Whitney
and independent samples t-tests, as appropriate; 95%
confidence intervals (CIs) were calculated. Spearman
correlations were computed between disease duration
and nutritional variables, and between nutritional
variables and motor and autonomic scores. Nutritional
variables were also compared between those with and
without orthostatic hypotension (Mann-Whitney and
independent samples t-test, as appropriate).

Results

Twenty seven (28%; 16 women; mean (min-max) age
and PD duration, 71 (60-87) and 4.8 (1-15) years,
respectively) of the 98 invited patients did not respond to
the study invitation. The final sample consisted of 71
participants (40 men) with a mean (SD; min-max) age of
67.3 (8.1; 47-89) years who had been diagnosed with PD
for a mean (SD; min-max) of 6.3 (3.6; 0.5-18) and median
(q1-q3) of 5 (4-8) years. Fifty-three participants (74%)

Table 2
Motor and autonomic variables a

Full sample (n=71) Shorter duration Longer duration Difference P-valueb,c 

(≤5 years; n=37) (>5years; n=34) (95% CI) b

Mobility (NHP-PM) 25 (0-50;0-75) 12.5 (0-44; 0-75) 31 (12.5-50; 0-75) 12.5 (0, 25) 0.096
Physical activity (mGPAS)d 3 (3-4; 1-6) 3 (3-4; 1-5) 3 (2-4; 2-6) 0 (-1, 0) 0.214
Disability (UPDRS II), “on” phase 3 (1-5; 0-9) 2 (1-4.5; 0-8) 3 (2-5; 0-9) 1 (0, 2) 0.078
Disability (UPDRS II), “off” phase 3 (2-5;0-13) 2 (2-5; 0-8) 4 (3-6; 1-13) 1 (0, 2) 0.015
PD motor symptoms (UPDRS III) 14 (9-18; 3-31) 13 (8.5-17; 3-30) 15 (10-21; 6-31) 2 (-1, 5) 0.249
Dyskinesias, n (%; 95% CI) e 13 (18; 11, 29) 3 (8; 3, 21) 10 (29; 17, 46) 21 (3, 39) 0.020 g

Gastrointestinal functioning (SCOPA-AUT) 3 (1-7; 0-16) 3 (1-4; 0-10) 4 (1-7; 0-16) 1 (1, 2) 0.408
Urinary functioning (SCOPA-AUT) 5 (3-8; 0-18) 5 (2-8; 0-18) 7 (4-8; 0-15) 2 (0, 3) 0.043
Cardiovascular functioning (SCOPA-AUT) 1 (0-2; 0-4) 0 (0-1; 0-3) 1.5 (0-2; 0-4) 1 (0, 1) 0.020
Thermoregulatory functioning (SCOPA-AUT) 2 (0-4; 0-11) 1 (0-2; 0-7) 2.5 (2-5; 0-11) 1 (1, 2) 0.002
Pupillomotor functioning (SCOPA-AUT) 0 (0-1; 0-3) 0 (0-1; 0-3) 0 (0-1; 0-3) 0 (0, 0) 0.432
Sexual functioning (SCOPA-AUT) 2 (0-4; 0-6) 1 (0-4; 0-6) 2 (1-3.5; 0-6) 1 (1, 2) 0.402
SCOPA-AUT total score 15 (9-21; 0-38) 12 (7-18; 0-34.5) 17 (14-22; 2-38) 5.24 (1.24, 8.76) 0.008
Orthostatic hypotension, n (%; 95% CI) e,f 32 (45; 34, 57) 15 (40.5; 26, 56) 17 (50; 34, 56) 9.5 (-13, 31) 0.424 g

a. Data are median (q1-q3; min-max) unless otherwise noted; higher scores = worse unless otherwise noted; b. Differences in percentages (dyskinesias and orthostatic
hypotension) and medians (all other variables) between people with longer (˃5 years) vs shorter (≤5 years) PD duration; c. Mann-Whitney tests (unless otherwise noted);
d. Higher scores = better; e. 95% confidence intervals for percentages; f. Orthostatic hypotension was defined as a decrease in systolic/diastolic blood pressure of ≥20/10
mmHg (≥30/15 mmHg in people with hypertension) within 3 minutes of standing (23); g. Chi-squared test; NHP-PM, Physical Mobility section of the Nottingham Health
Profile; mGPAS, modified Grimby Physical Activity Scale; UPDRS II, Unified Parkinson’s Disease Rating Scale, part II (activities of daily living); UPDRS III, Unified
Parkinson’s Disease Rating Scale, part III (motor examination); SCOPA-AUT, SCales for Outcomes in PArkinson’s disease – Autonomic symptoms.
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were married/living as married, and the majority (65%)
was retired while the rest were either working (28%) or
on long-term sick leave/disability retirement (7%). About
two thirds (68%) had some comorbidity. Pharmacological
PD treatment consisted of levodopa (n=70), dopamine
agonists (n=63), COMT-inhibitors (n=45), MAO-B-
inhibitors (n=11), and amantadine (n=3).  Two
participants had undergone thalamic deep brain
stimulation, and one was not on any medical
antiparkinsonian therapy. 

Motor and autonomic variables are reported in Table 2.
PD, disability and dyskinesias, as well as autonomic
symptoms (total as well as urinary, cardiovascular and
thermoregulatory SCOPA-AUT scores) were more
pronounced in the longer duration group (Table 2). 

Nutritional data are reported in Table 3. Overall, there
were no differences between the two duration groups
regarding any nutritional variables. Correlations between
disease duration and nutritional variables were non-
significant and ranged from -0.01 (MEONF II) to 0.11
(TSF) (Table 4). According to BMI, 3 people (2 shorter and
1 longer PD duration) were underweight and 44 (62%)
were overweight (68% in the shorter vs. 56% in the longer
duration group). However, 46 participants (65%)
exhibited high risk for malnutrition according to the

SCREEN II (same proportion for both duration groups),
whereas only 2 (3%) and 3 (4%) were found to have
undernutrition risk accordingly to the MUST and
MEONF II, respectively (Table 3). BMI indicated
underweight for both cases with undernutrition risk
according to MUST and for two of those with
undernutrition risk according to MEONF II.

Correlations between nutritional variables and motor
and autonomic scores (Table 4) showed significant but
generally weak associations between BMI and NHP-PM;
SCREEN II and SCOPA-AUT/thermoregulatory
functioning; MEONF II and SCOPA-
AUT/gastrointestinal functioning; MUST and SCOPA-
AUT/urinary functioning and SCOPA-
AUT/thermoregulatory functioning; TSF and SCOPA-
AUT/pupillomotor functioning; and between HGS and
NHP-PM, UPDRS II/”on”-phase disability, SCOPA-
AUT/thermoregulatory functioning, and SCOPA-
AUT/pupillomotor functioning. Other correlations were
weaker and non-significant (Table 4).

People with OH (n=32) had lower BMI (mean (SD),
26.7 (4.1) vs 29.2 (5.0) kg/m2, respectively; P=0.026) and
also lower HGS (mean (SD), 33.2 (11.1) vs 41.6 (17.8) kg,
respectively; P=0.025) than those without OH. There were
no differences between these groups on any of the other
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Table 3
Nutritional variables a

Full sample (n=71) Shorter duration Longer duration Difference P-valueb,

(≤5 years; n=37) (>5years; n=34) (95% CI) b

Weight (kg) 80.3 (16.3; 50-132) 80.9 (14.4; 50-102) 79.6 (18.4; 50-132) -1.3 (-9.1, 6.5) 0.738 k

BMI (kg/m2) c 28.1 (4.8; 18.2-46) 28 (4.2; 18.6-37.7) 28.3 (5.3; 18.2-46) 0.3 (-2, 2.6) 0.797 k

Underweight, n (%; 95% CI) 3 (4; 1, 12) 2 (5; 1.5, 18) 1 (3; 0.5, 15) -2.5 (-15, 10) 1.0 l

Overweight/obese, n (%; 95% CI) 44 (62; 50, 72) 25 (68; 51.5, 80) 19 (56; 39.5, 71) -12 (-32.5, 10.5) 0.338 m

SCREEN II, median (q1-q3; min-max) d 47 (41-51; 30-56) 48 (42.5-51; 30-54) 47 (40-53; 31-56) 0 (-3, 3) 0.893 n

Any malnutrition risk, n (%; 95% CI) 62 (87; 78, 93) 33 (89; 75, 96) 29 (85; 70, 94) -4 (-21, 12) 0.729 l

High malnutrition risk, n (%; 95% CI) 46 (65; 53, 75) 24 (65; 49, 78) 22 (65; 48, 78.5) 0.2 (-21, 22) 0.989 m

MEONF II, median (q1-q3; min-max) e 0 (0-1; 0-6) 0 (0-1; 0-6) 0 (0-0; 0-4) 0 (0, 0) 0.621 n

Any undernutrition risk, n (%; 95% CI) 3 (4; 1, 12) 2 (5; 1.5, 18) 1 (3; 0.5, 15) -2.5 (-15, 10) 1.0 l

High undernutrition risk, n (%; 95% CI) 1 (1; 0, 8) 1 (3; 0.5, 14) 0 (0, 10) -3 (-14, 8) 1.0 l

MUST, median (q1-q3; min-max) f 0 (0-0; 0-2) 0 (0-0; 0-2) 0 (0-0; 0-2) 0 (0, 0) 1.0 n

Any undernutrition risk, n (%; 95% CI) 2 (3; 1, 10) 1 (3; 0.5, 14) 1 (3; 0.5, 15) 0.2 (-11, 12) 1.0 l

High undernutrition risk, n (%; 95% CI) 2 (3; 1, 10) 1 (3; 0.5, 14) 1 (3; 0.5, 15) 0.2 (-11, 12) 1.0 l

TSF (mm) g 23.9 (8.9; 9-45) 22.8 (7.4; 10-45) 25.1 (10.2; 9-45) 2.3 (-2, 6.5) 0.300 k

Below cut-off, n (%; 95% CI) 1 (1.5; 0.2, 8) 1 (3; 0.5, 14) 0 (0; 0, 10) -3 (-14, 8) 1.0 l

MAC (cm) h 32 (4.2; 22-43) 32 (3.6; 23-38) 31.9 (4.8; 22-43) -0.1 (-2.1, 1.9) 0.923 k

Below cut-off, n (%; 95% CI) 2 (2.8; 0.8, 9.7) 1 (3; 0.5, 14) 1 (3; 0.5, 15) 0.2 (-11, 12) 1.0 l

MUAMC (cm) i 24.5 (4.1; 12-32.9) 24.9 (4.1; 12-32.9) 24.1 (4; 14.8-32.3) -0.8 (-2.7, 1.1) 0.412 k

Below cut-off, n (%; 95% CI) 11 (15.5; 9-26) 4 (11; 4, 25) 7 (21; 10, 37) 10 (-7.5, 27) 0.332 m

HGS (right) (kg) j 37.8 (15.6; 12-100) 39.3 (16.8; 18-100) 36.2 (14.3; 12-74) -3.1 (-10.6, -4.3) 0.400 k

Below cut-off, n (%; 95% CI) 9 (12.7; 6.8, 22.4) 4 (11; 4, 25) 5 (15; 6, 30) 4 (-12, 21) 0.729 l

a. Data are mean (SD; min-max) unless otherwise noted; b. For differences in percentages (BMI; mal- and undernutrition classifications; TSF, MAC, MUAMC and HGS
according to cut-offs), medians (SCREEN II and MEONF II scores) and means (all other variables) between people with longer (˃5 years) vs shorter (≤5 years) PD
duration; c. BMI cut-off scores: ≤69 years old, BMI ˂20 = underweight; ≥70 years old, BMI ˂22 = underweight;  ≤69 years old, BMI ≥25 = overweight/obese;  ≥70 years old,
BMI  ≥27 = overweight/obese (17); d. Risk cut-off scores: <54 = any risk; <50 = high risk (12); e. Risk cut-off scores: >2 = moderate risk; >4 = high risk (14); f. Risk cut-off
scores: 0 = low risk; 1 = medium risk; ≥2 = high risk (13); g. Cut-off scores: Men, ≤6; Women, ≤12 (15); h. Cut-off scores: Men ≤79 years old, ≤26; Men >79 years old, ≤24;
Women, ≤79 years old, ≤24; Women >79 years old, ≤22 (15); i. Cut-off scores: Men ≤79 years old, ≤23; Men >79 years old, ≤21; Women, ≤79 years old, ≤19; Women >79
years old, ≤18 (15); j. Cut-off scores: Men, <30; Women, <20 (15, 16); k. Independent samples t-test; l. Fisher’s exact test; m. Chi-squared test; n. Mann-Whitney test; BMI,
body mass index; SCREEN II, Seniors in the Community: Risk Evaluation for Eating and Nutrition, version II; MEONF II, Minimal Eating Observation and Nutrition
Form – version II; MUST, Malnutrition Universal Screening Tool; TSF, Triceps Skin Fold; MAC, Mid Arm Circumference; MUAMC, Mid-Upper Arm Muscle
Circumference; HGS, Hand Grip Strength.
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nutritional variables (weight, SCREEN II, MEONF II,
MUST, TSF, MAC, MUAMC; data not shown).

Discussion

Although undernutrition and low BMI have been
frequently reported in PD, related to disease severity and
(to a lesser extent) duration (5, 6, 10), we found no
evidence for prevalent underweight or undernutrition
risk. Motor and autonomic symptoms differed by PD
duration as expected. However, associations between
nutritional status and disease duration and severity were
absent or weak, but there was an association between OH
and BMI and HGS. Since malnutrition does not only
include undernutrition, but also overweight/obesity and
nutrient deficiencies this was also considered by applying
SCREEN II, which in contrast to undernutrition screening
identified a majority of participants as at risk for
malnutrition. Indeed, a larger proportion of participants
were overweight rather than underweight. However,
similarly to other nutritional and anthropometric
variables there were no or only weak associations
between SCREEN II and PD duration and severity. 

According to Sheard et al. (3) BMI should be
interpreted with caution due to limited sensitivity in
identifying undernourishment, and additional methods
should therefore also be considered. Indeed, while
frequencies were low we also found BMI to be less
sensitive in identifying undernutrition than clinical
screening using the MEONF II, but equal to that of
MUST. This is in agreement with previous data (14). 

Our observations contrast to most previous studies.
For example, a recent study among Australian
community-dwelling people with PD (2, 3) identified 15%
as moderately undernourished (none as severely
undernourished), despite apparent lack of significant

cognitive impairments and similar age, gender
distribution, disease duration and autonomic symptom
severity as in our sample. Similarly, Jaafar et al. identified
23.5% of their UK sample of community-dwelling people
with PD as at risk for undernutrition according to the
MUST, and both these studies reported generally lower
values of BMI and anthropometric measures than found
here (7). Despite other sample similarities, motor
symptoms appear to have been well controlled in our
cohort as indicated by motor and disability scores. Since
underweight and undernutrition in PD has been
associated with markers of disease severity (3, 6), this
could contribute to our observations. However, while
undernutrition risk has been found to increase over time
(9), studies have observed that weight loss can occur at
any stage, even before PD onset (8, 10).  Furthermore, the
association between motor symptom severity and
unintentional weight loss has been generally weak and
inconsistent (5). It therefore appears unlikely that better
motor symptom control per se would be a major
explanation for our observations. One possiblility is that
unintentional weight loss does occur without causing
underweight because of a relatively high baseline weight.
Such a mechanism was hypothesized to underpin recent
observations of prevalent overweight/obesity in a
Mexican PD sample (24). Longitudinal observations will
be required to address this possibility. Interestingly
however, and in line with our observations, a recent 3-
year study among people with early PD reported weight
gain and increased fat mass (25).

There were few associations between nutritional and
autonomic variables. This is in agreement with
observations by Sheard et al. (2), who also used the
SCOPA-AUT in a community-dwelling sample of people
with PD and found a somewhat higher degree of
gastrointestinal dysfunction among participants
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Table 4
Spearman correlations between disease duration and nutritional variables, and between nutritional variables and

motor and autonomic scores

Weight (kg) BMI (kg/m2) SCREEN II MEONF II MUST TSF (mm) MAC (cm) MUAMC (cm) HGS (right) (kg)

Disease duration -0.07 0.04 -0.04 -0.01 -0.02 0.11 -0.04 -0.08 -0.09
Mobility (NHP-PM) 0.14 0.33* -0.09 0.13 -0.11 0.11 0.11 0.05 -0.24*
Physical activity (mGPAS) 0.09 -0.05 0.16 -0.01 -0.16 -0.04 0.08 0.07 0.23
Disability (UPDRS II), “on” phase 0.09 0.22 -0.04 0.18 0.08 0.11 0.09 0.01 -0.29*
Disability (UPDRS II), “off” phase 0.07 0.16 -0.01 0.12 0.04 0.14 0.03 -0.07 -0.23
PD motor symptoms (UPDRS III) 0.03 0.13 -0.10 -0.12 0.04 -0.14 0.02 0.07 -0.21
Gastrointestinal functioning (SCOPA-AUT) -0.03 0.06 -0.20 0.28* 0.11 0.07 -0.05 -0.12 -0.18
Urinary functioning (SCOPA-AUT) 0.10 0.14 -0.05 -0.01 0.26* 0.11 -0.01 -0.04 -0.10
Cardiovascular functioning (SCOPA-AUT) -0.01 -0.01 0.01 0.01 0.16 0.14 0.04 -0.07 -0.20
Thermoregulatory functioning (SCOPA-AUT) -0.03 0.06 -0.34* 0.04 0.24* 0.20 0.02 -0.15 -0.24*
Pupillomotor functioning (SCOPA-AUT) -0.09 0.05 -0.21 0.17 0.10 0.30* 0.02 -0.21 -0.32*
Sexual functioning (SCOPA-AUT) 0.07 0.10 -0.03 0.07 - a -0.25 -0.24 -0.03 0.02
SCOPA-AUT total score 0.06 0.14 -0.21 0.13 0.23 0.12 -0.01 -0.10 -0.22

a. Not computable due to constant MUST scores (0) among those with valid Sexual functioning (SCOPA-AUT) scores; * P<0.05. BMI, body mass index; SCREEN II,
Seniors in the Community: Risk Evaluation for Eating and Nutrition, version II; MEONF II, Minimal Eating Observation and Nutrition Form – version II; MUST,
Malnutrition Universal Screening Tool; TSF, Triceps Skin Fold; MAC, Mid Arm Circumference; MUAMC, Mid-Upper Arm Muscle Circumference; HGS, Hand Grip
Strength; NHP-PM, Physical Mobility section of the Nottingham Health Profile; mGPAS, modified Grimby Physical Activity Scale; UPDRS II, Unified Parkinson’s
Disease Rating Scale, part II (activities of daily living); UPDRS III, Unified Parkinson’s Disease Rating Scale, part III (motor examination); SCOPA-AUT, SCales for
Outcomes in PArkinson’s disease – Autonomic symptoms.
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identified as at risk for undernutrition, but no other
SCOPA-AUT scores were related to undernutrition. In
our study, we also included OH as a more objective
autonomic marker and found lower BMI and HGS among
people with OH. This is in agreement with previous
population based observations (26-28). Although the
basis for this association remains to be established, it may
seem reasonable to suggest that lower BMI and less
muscle strength may yield people more prone to develop
OH. On the other hand, presence of OH per se seems to
be an independent risk factor for mortality in general as
well as for coronary events. Consequently, OH could be a
marker for more advanced morbidity (28). Furthermore,
since OH is an important marker of dysautonomia and
autonomic functioning is central to weight and
gastrointestinal control the association found here could
suggest a more profound relationship, particularly since
pathological changes occur in the hypothalamus as well
as in the gastrointestinal tract in PD (10, 29). However,
this cannot be addressed further in the present study.

As not only PD but also its management appears to
contribute to an increased risk for undernutrition (30), it
is reasonable to assume that continuity of care with
regular and frequent follow-up and awareness of
propensity for unintentional weight loss and other non-
motor symptoms may be preventive. Together with the
relatively high malnutrition risk, this emphasizes the
need for regular clinical monitoring of nutritional status.
Our study was carried out at a multidiciplinary
(including a dietician) PD clinic with well-established
routines including regular patient education. Weight
problems are therefore probably identified and
intervened upon relatively early, which may have
contributed to the low prevalence of underweight and
undernutrition. Nevertheless, the use of a single-centre
sample with mild motor symptoms and lack of clinically
significant cognitive impairments challenges the
generalizability of results to the wider PD population.

In conlusion, we found a low prevalence of
underweight and undernutrition risk, frequent
malnutrition (overweight) risk, but no associations
between nutritional variables and PD duration. In this
perspective, it should be noted that overweight may
conceal a redistribution of muscle mass to fat mass
(31).The possible reasons for our findings are still
speculative but appear multi-factorial, e.g. regular patient
care, relatively high BMI in the population at large, and
effective symptom management. Longitudinal studies are
needed to better understand the development of
nutritional status and other disease aspects over time.
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