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Background & aims: Parkinson's disease (PD) patients can benefit considerably from appropriate nutri-
tional care, particularly from diet. However, there is limited evidence on the eating habits of PD patients
and their relationship with the features of the disease.
Methods: We conducted a large caseecontrol study. Consecutive PD patients (N ¼ 600) receiving sys-
tematic nutritional care and healthy controls (N ¼ 600) matched (1:1) for age, gender, education, physical
activity level and residence were studied using a 66-item food frequency questionnaire. The relationship
between dietary habits and the following features of PD were investigated in patients: body weight,
energy balance, constipation, and levodopa therapy (dose) and its related motor complications.
Results: PD patients had lower BMI and reported higher food intake than controls. BMI was found to be
inversely associated with disease duration and severity, and levodopa-related motor complications,
whereas energy intake was positively associated with these variables. An increase in protein intake by
10 g over physiological requirements (0.8 g/kg/day) corresponded to a mean increase in levodopa dose of
0.7 mg/kg/day. Constipation was also associated with higher levodopa requirements. Finally, protein
intake and its distribution throughout the day influenced levodopa-related motor complications.
Conclusion: The management of protein intake and the treatment of constipation should be considered
to be an integral part of the care of PD patients. Attention should always be focused on energy intake also.
This would result in the maintenance of nutritional status, the optimization of levodopa-therapy and the
minimization of its related motor complications.

© 2016 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Nutritional assessment and dietary therapy have an important
role to play in the integrated management of PD [1]. First of all,
calorie intake should be verified. Indeed, bodyweight changes have
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been recorded throughout the course of the disease and are related
to its duration.Weight loss can occur before the clinical diagnosis of
the disease, before onset of symptoms [2]. Then, during the first
years after onset of symptoms, body weight usually increases,
probably on account of a reduction in motor function and/or the
voracity that is sometimes induced by treatment with levodopa
and dopamine agonists [1,3]. On the contrary, during the advanced
stages of the disease, progressive body weight loss occurs, probably
on account of the increase in energy expenditure produced mainly
ism. All rights reserved.
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bymuscle hypertonia and any dyskinesias [1,3e5]. In some patients
calorie-rich food supplements may be required to counteract body
weight loss, meeting calorie requirements [6]. An indirect
demonstration that dyskinesias have an important role to play in
energy consumption is the body weight gain that occurs in patients
who undergo deep brain stimulation (DBS), which reduces motor
fluctuations [7]. However, the specific mechanisms underlying
changes in body weight after DBS have yet to be determined, as an
association between weight gain and the reduction in motor
symptoms has not always been reported [8,9] and the reduction in
dyskinesias may be just one of the factors involved.

Regarding the intake of macronutrients, amino acids (especially
the neutral ones) introduced with food compete with levodopa for
intestinal absorption and transport through the bloodebrain bar-
rier, reducing its bioavailability [1,10,11]. To optimize the effect of
levodopa, especially as the diseases progress and motor fluctua-
tions appear, PD patients should be advised to follow a protein
redistribution diet i.e. protein restriction at breakfast and at lunch
followed by unrestricted protein consumption at dinner, which is to
include a second main course with meat, poultry or fish [1,10e12].
The objective of this redistribution is to meet daily protein re-
quirements, which should be 0.8e1.0 g/kg of bodyweight [10,13]. In
some patients the consumption of special foods devoid of protein at
lunch may be required to reduce the amount of protein introduced
and competitionwith pharmacological therapy [4,14,15]. Regarding
micronutrients, PD patients have been found to lack vitamin D (low
concentrations in plasma). The deficiency of this vitamin appears to
be greater in PD patients than in the healthy population [16].

Moreover, dietary therapy is a strategy designed to counteract
non motor symptoms of nutritional interest [1]. About 60% of PD
patients suffer from constipation, making a high fiber diet associ-
ated with correct hydration essential [1,17e19]. For all these rea-
sons, the diet of PD patients should be monitored. Studies on the
dietary habits of PD patients may provide data of considerable in-
terest. To date such studies have been performed only on small
samples of patients [20,21]. The objective of our work was to
describe the dietary habits of a large sample of Italian PD patients in
a caseecontrol study, using a freeware investigational software and
assessing the association with the neurological features of the pa-
tient. In particular, attention was focused on the following issues:
body weight and energy balance throughout the course of the
disease, constipation and the relationship among protein intake,
levodopa therapy and its related motor complications.

2. Materials and methods

2.1. Study population (patients and controls)

We conducted a large, observational caseecontrol study
(JanuaryeSeptember 2015). Dietary habits and lifestyle of patients
suffering from idiopathic Parkinson's disease (PD) [22] and with
normal cognitive functions (MMSE > 24 points) were the subject of
this study. PD patients consecutively attending the out-patient
clinic of the Parkinson Institute (ASST G. Pini-CTO, ex ICP, Milan,
Italy) and coming from all Regions of Italy were considered eligible
for inclusion. The Parkinson Institute is located in Lombardy, the
most populated Region of Italy (total inhabitants: 10 003 419 e

www.demo.istat.it [accessed 18th January 2016]). At this Institute
nutritional care is provided routinely and all patients receive spe-
cific dietary advice for the management of any issue that may
benefit from it. The anthropometric parameters and dietary habits
of the patients were then compared with those of a control group
matched (1:1) by gender, age (±1 year), physical activity level
(major intensity levels e please see below) and geographical area
(province of residence). Controls had to be cognitively intact and
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were selected among all the people in the electronic database of the
“ON-GP” free online software, developed by the Grana Padano
Observatory (OGP) [23,24]. Controls were selected among the
spouses of the patients included or people accompanying them
(community healthy controls) and patients attending the same
hospital for other minor health reasons (hospital controls with
minor neurologic, orthopedic, dermatologic or ophthalmologic
disorders). Subjects and patients reporting the use of any type of
dietary supplement and/or receiving artificial nutritional support
were excluded. All the subjects recruited provided their informed
consent to the study. The study was approved by the local Ethics
Committee.

2.2. Assessments

On the same day, PD patients and controls underwent the
following assessments:

1. Anthropometry e Anthropometric data were collected by well-
trained dieticians in agreement with WHO indications [25].
Particularly, body weight and height were measured using the
same portable calibrated flat scale provided with a telescopic
vertical steel stadiometer (Wunder, Italy), while waist circum-
ference was measured through plastic flexible tapes at the
narrowest point between the lowest rib and the iliac crest.

2. Dietary habits e Dietary habits were investigated with a semi-
quantitative 66-item Food Frequency Questionnaire (FFQ)
[23,24], with the objective of assessing the frequency of con-
sumption of the main food groups and drinks over the last 12
months. Trained dieticians completed the questionnaire by
interviewing patients directly (with the aid of caregivers
whenever necessary to avoid missing items). 24-hour dietary
recall associated with the use of a food atlas was also considered
for consistency of portion size and to confirm adherence to a
protein redistribution diet (PRD). PRD was defined as protein
restriction (no high-protein food sources) at breakfast and at
lunch followed by unrestricted protein consumption at dinner
(second main course with meat, poultry or fish) [10] for 5 days
or more per week. The online “ON-GP” Software freeware was
used for the assessment [23,24] and daily calorie, macronu-
trient, micronutrient and fluid intakes were calculated using the
Italian Food Composition Tables [26]. In this way any excesses
and/or deficiencies were highlighted. Based on the data pro-
cessed, the software enabled us to print a report containing
personalized advice to give the patient. This software is also able
to collect the following information: gender; age; geographical
area (residence), level of education and type of occupation;
anthropometric data (body weight, height, BMI, and waist
circumference); time dedicated to household chores, free time
dedicated to sedentary hobbies and physical activity. Based on
information related to hours of sleep, as well as to the duration
and the types of occupation and recreational activities, which
are linked to specific (tabulated) energy costs per minute [27], it
was possible to calculate the total energy cost of each task. The
sum of these energy costs and resting energy expenditure (REE)
e according to the HarriseBenedict equations [28] e enabled
the calculation of total daily energy expenditure (TDEE). The
mean of seven days was considered in the analysis. Therefore,
the physical activity level (PAL) was expressed as the ratio of
TDEE and REE and was grouped into major intensity levels ac-
cording to age and gender (Supplementary Table 1).

3. Bowel habits e Presence of constipation was diagnosed accord-
ing to Rome-III criteria [29].

4. PD features e Furthermore, the following clinical information
was collected for all PD patients: duration of disease, Unified
eurological features of Parkinson's disease patients: Implications for
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Parkinson Disease Rating Scale (UPDRS) from part I to part IV
[30], disease severity (Hoehn and Yahr [HY] staging system) [31]
and the daily dose of pharmacological therapy with levodopa
(mg/day and mg/kg/day). In addition, the single items of UPDRS
part IV were used to calculate subscores indicative of compli-
cations of therapy: dyskinesias (sum of items 32-to-35) and
fluctuations, namely OFF periods (loss of efficacy of dopami-
nergic therapy resulting in the exacerbation of motor symp-
toms; sum of items 36-to-39) [30,32].
2.3. Statistical analysis

All analyses were performed using the SPSS 23.0 for Windows
(SPSS Inc., Chicago, Illinois). All statistical tests were two-tailed, and
a P-value < 0.05 was assumed to be statistically significant.
Between-group comparisons related to continuous variables were
performed using the Student's t-test (between two groups) and
ANOVA (among multiple groups). Particularly, a paired t-test was
used for comparisons between patients and matched controls,
while in the other cases an unpaired t-test was adopted. Categorical
variables were analyzed by Fisher's exact test. First, demographic
and nutritional features, and dietary habits were compared be-
tween PD patients and controls. Then, the characteristics of pa-
tients were compared across tertiles of disease duration, and by
constipation, and adherence to protein redistribution diet. The
strength of associations among nutritional status, disease duration,
energy balance (difference between energy intake and TDEE) and
motor complications (UPDRS dyskinesias and OFF-state scores) in
patients receiving levodopa therapy were investigated using partial
correlation models adjusted for sex, age and the use of dopamine
agonists. Finally, linear regression analysis was conducted to
quantify the association of independent non collinear variables
with daily levodopa dose. No specific sample size calculation was
conducted for the present study.
3. Results

A total of 600 PD patients (males, 53.8%) and 600 controls (taken
from community, 69%) were interviewed. Demographic, clinical,
anthropometric and nutritional features of the study population
(patients and controls) are reported in Table 1. PD patients weighed
less and had lower BMI than controls (Fig. 1), although their
abdominal fat was similar. However, despite lower REE and TDEE,
the calorie intake of PD patients was higher. Except for alcohol
consumption, the total calorie, macronutrient and micronutrient
intakes of PD patients were higher than the corresponding intakes
of controls. In particular, mean daily protein intake was 1.0 g/kg in
controls vs 1.2 g/kg in PD patients (P < 0.001). Moreover, lower
coffee and tea consumption in PD patients was confirmed (55 ± 47
vs. 70 ± 50 g/day [P < 0.001]; tea, 87 ± 141 vs. 108 ± 130 g/day
[P ¼ 0.009]). We also observed that patients who were taking
dopamine agonists had a higher calorie intake (34.4 ± 11.1 vs.
32.1 ± 10.3 kcal/kg/day; P ¼ 0.009) notwithstanding similar BMI
(26.1 ± 4.8 vs. 25.9 ± 4.9 kg/m2; P ¼ 0.614).

PD patients reported constipationmore frequently than controls
(46.8% vs. 6.8%; P < 0.001). Although the analysis of dietary habits
disclosed higher fiber intake in PD patients than controls, water
intake was considerably lower. However, no significant differences
were found between constipated and non-constipated patients in
terms of macronutrient, micronutrient, fiber and water intakes
(Supplementary Table 2). The latter were more frequently female,
younger and had shorter duration of disease, less severe symptoms,
were taking lower doses of levodopa and had higher BMI.
Please cite this article in press as: Barichella M, et al., Dietary habits and n
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We also investigated potential associations between nutritional
variables and duration of disease. As duration became longer we
observed, besides progression of disease, progressive reduction in
body weight, BMI and increase in protein and calorie intake, as well
as reduction in REE, physical activity level and TDEE (Table 2).
Consequently, the energy balance appears to be positive in PD pa-
tients (Fig. 2). Therefore, comparing the various disease duration
strata with controls (data not shown), we observed once more
greater calorie intake, whereas the micronutrient intake was signif-
icantly higher only in patients with duration of disease � 6 years.
Furthermore, none of themicronutrient levels were lower in controls
than in patients with a shorter duration of disease (<6 years).

Therefore, considering the interaction between dietary protein
and levodopa therapy and its related motor complications, we
carried out a sub-analysis on patients on levodopa therapy
(N ¼ 510; 85% of the total PD cases). Besides confirming the inverse
association between duration of disease and BMI, as well as the
direct association between duration of disease and energy balance
and levodopa-related motor complications, the analysis (models
adjusted for gender, age and the use of dopamine agonists) dis-
closed: 1) an inverse correlation between BMI and both energy
balance and motor complications; 2) a direct relationship between
energy balance and motor complications (Supplementary Table 3).
No associations between protein intake and levodopa-related mo-
tor complications (OFF and dyskinesias duration) were found (data
not shown). Adherence to a PRD was recorded in 277 patients
(54%). The clinical and nutritional features of PD patients receiving
levodopa by adherence to a PRD are presented in Supplementary
Table 4. Patients on a PRD were characterized by higher BMI
despite lower protein and calorie intake. However, adherence to
PRD did not result in significant differences in terms of the content
in the other nutrients, with the exception of a lower intake of cal-
cium, zinc and vitamin B12. Interestingly, PRD was associated with
lower total daily levodopa dose and better OFF score. No difference
was found in dyskinesia score. The inverse association between
PRD and motor fluctuations (OFF score) was confirmed also by
multivariate regression analysis including age at onset, gender,
disease duration and levodopa dose (mg/kg) as covariates: b-co-
efficient, �0.4 (95% CI, �0.6, 0.0), P ¼ 0.046. Finally, variables
associated with levodopa requirements (mg/kg/day) were investi-
gated. In sex-adjusted multivariable linear regression analysis
(Table 3) an independent positive correlation with age at onset,
disease duration, HoehneYahr stage, constipation and protein
intake (g/kg/day) was recorded. In particular, an increase in protein
intake by 10 g over physiological requirements (0.8 g/kg/day) cor-
responded to a mean increase in levodopa dose of 0.7 mg/kg/day
(70 kg of body weight / ~50 mg of levodopa per day). However,
adherence to a PRD was independently associated with lower
levodopa requirements.

4. Discussion

As far as we are aware, this is the first large-scale survey inves-
tigating the dietary habits of PD patients and their association with
neurological features. In the present study, we have clearly high-
lighted the importance of routine nutritional care in PD. Compared to
matched controls, PD patients had lower BMI and reported higher
food intakes. Nutritional status and energy balance were found to be
related to disease duration and severity, and also to levodopa-related
motor complications. Despite the higher prevalence of constipation,
dietary habits for themanagement of this non-motor symptomwere
likely sub-optimal. Nonetheless, constipation was associated with
higher levodopa dosages, independently of disease duration. Finally,
protein intake appeared to influence levodopa therapy and related
motor fluctuations and complications.
eurological features of Parkinson's disease patients: Implications for
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Table 1
Features (demographic, clinical and nutritional) of the study population.

Variable Controls (N ¼ 600) PD patients (N ¼ 600) P-valuea

Male gender, N (%) 323 (53.8) 323 (53.8) e

Age, years [Mean (SD)] 69.3 (8.8) 68.6 (9.4) 0.164
Age at onset of PD, years [Mean (SD)] e 59.4 (11.2) e

Disease duration, years [Mean (SD)] e 9.2 (7.0) e

Education, years [Mean (SD)] 10.1 (4.1) 10.5 (4.2) 0.099
Body weight, kg [Mean (SD)] 78.0 (17.2) 71.8 (16.2) <0.001
Body mass index, kg/m2 [Mean (SD)] 28.5 (6.4) 26.2 (4.9) <0.001
Waist circumference, cm [Mean (SD)] 97.8 (17.1) 96.6 (14.5) 0.213

Levodopa dose,b mg/day [Mean (SD)] e 522 (281) e

mg/kg/day [Mean (SD)] e 7.6 (4.6) e

UPDRS score, Mean (SD)
Total e 42.5 (17.9) e

Part I e 2.2 (2.1)
Part II e 14.2 (8.5)
Part III e 23.1 (13.0)
Part IVb e 3.0 (2.9)

Motor complication scoreb

Dyskinesias,c Mean [SD] e 1.2 (1.8) e

OFF state,d Mean [SD] e 1.2 (1.4) e

HoehneYahr stage, Mean (SD) e 2.4 (0.9) e

Resting energy expenditure, kcal/day [Mean (SD)] 1488 (254) 1384 (258) <0.001
Physical activity level [Mean (SD)] 1.41 (0.12) 1.40 (0.13) 0.167

TDEE, kcal/day [Mean (SD)] 2098 (395) 1938 (403) <0.001
kcal/kg/day [Mean (SD)] 26.9 (2.6) 27.0 (2.7) 0.514

Calorie intake, kcal/day [Mean (SD)] 2084 (544) 2246 (557) <0.001
kcal/kg/day [Mean (SD)] 26.7 (8.7) 31.3 (10.8) <0.001

Protein intake, g/day [Mean (SD)] 80.3 (19.3) 83.0 (18.1) 0.018
g/kg/day [Mean (SD)] 1.0 (0.3) 1.2 (0.4) <0.001

Carbohydrates intake, g/day [Mean (SD)] 265.1 (78.8) 293.4 (85.6) <0.001
Sugars intake, g/day [Mean (SD)] 99.7 (35.7) 114.1 (41.6) <0.001

Lipids intake, g/day [Mean (SD)] 78.1 (25.8) 84.2 (24.7) <0.001
Saturated fatty acids, g/day [Mean (SD)] 24.6 (9.3) 26.8 (9.2) <0.001
Poly-unsaturated fatty acids, g/day [Mean (SD)] 10.5 (3.9) 11.3 (4.1) 0.001

Water intake, mL/day [Mean (SD)] 1344 (474) 1092 (443) <0.001
Fibers intake, g/day [Mean (SD)] 30.3 (8.5) 32.0 (8.4) 0.001
Calcium intake, mg/day [Mean (SD)] 1015 (299) 1026 (290) 0.556
Iron intake, mg/day [Mean (SD)] 13.4 (3.4) 13.9 (3.3) 0.009
Zinc intake, mg/day [Mean (SD)] 11.4 (2.7) 11.8 (2.6) 0.007
Vitamin A intake, mg/day [Mean (SD)] 1462 (542) 1561 (483) 0.002
Vitamin D intake, mg/day [Mean (SD)] 2.6 (1.3) 2.6 (1.1) 0.813
Vitamin E intake, mg/day [Mean (SD)] 15.8 (4.6) 16.0 (4.0) 0.422
Vitamin B12 intake, mg/day [Mean (SD)] 4.5 (1.8) 4.6 (1.6) 0.696
Vitamin C intake, mg/day [Mean (SD)] 205 (83) 222 (85) 0.001
Folate intake, mg/day [Mean (SD)] 421 (127) 451 (124) <0.001
Alcohol intake, g/day [Mean (SD)] 10.3 (13.5) 8.0 (11.7) 0.004

Abbreviations: PD, Parkinson's disease; SD, standard deviation; TDEE, total daily energy expenditure; UPDRS, unified Parkinson's disease rating scale; RDA, recommended
dietary allowances.

a According to between-group comparison by paired Student's t-test.
b Provided for patients using levodopa (N ¼ 510).
c According to UPDRS-Part IV (sum of items 32-to-35).
d According to UPDRS-Part IV (sum of items 36-to-39).
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4.1. Body weight and energy balance

In agreement with available literature, BMI was inversely asso-
ciated with disease severity and was lower in PD patients than in
matched healthy subjects [1,3,33e35]. However, the inverse asso-
ciation with disease duration still remains controversial. Previous
studies on this topic have suggested that weight loss during the
course of the disease may be secondary to the increase in energy
expenditure associated with the worsening of motor symptoms e

mainly rigiditye but also of levodopa-relatedmotor complications,
namely dyskinesias [1,4,33]. This hypothesis is supported by the
inter-relationships we observed between BMI, energy balance, and
Please cite this article in press as: Barichella M, et al., Dietary habits and n
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the severity of motor fluctuations and complications. Interestingly,
the association was independent of the use of dopamine-agonists,
which are known to affect eating behavior [2,35]. However, the
reduction in body weight appeared to occur despite the significant
increase in calorie intake. It is reasonable to assume that the in-
crease in calorie intake is secondary to, but is not enough to
compensate for the increase in energy requirements associated
with rigidity and dyskinesias. The role of disease-related modifi-
cations in energy requirements is also consistent with the decrease
in metabolic rate and the increase in body weight that occur in
patients who have undergone neurosurgical procedures for motor
complications [2,35,36]. Besides, in some cases, after having had
eurological features of Parkinson's disease patients: Implications for
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Fig. 1. Distribution (McNemar's test, P < 0.001) of PD patients and controls among
weight status categories (UW, under-weight; NW, normal weight; OW, over-weight;
OB, obesity).

Fig. 2. Energy balance (calculated as the difference between estimated total daily
energy intake and requirements) in healthy controls and Parkinson's disease (PD)
patients (overall and by disease duration).
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drug therapy and diet optimized, the use of oral nutritional
hypercaloric supplements should be considered to manage body
weight loss and risk of malnutrition due to severe dyskinesias.
However, the role of other interacting factors potentially influ-
encing energy balance cannot be excluded and still needs to be
elucidated. Although PD patients are characterized by gut dysbiosis
[37,38] the presence of malabsorption is unlikely. On the other
hand, a recent study has proposed the existence of different pat-
terns of weight regulation and food intake, which are likely
determined by different degrees of olfactory dysfunction [35,39].
Table 2
Characteristics of Parkinson's disease patients by disease duration (tertiles).

Variable Disease duration

�5 years (N ¼ 202)

Male gender, N (%) 104 (51.5)
Age, years 67.6 (9.8)
Disease duration, years 3.0 (1.6)
HoehneYahr stage, Mean (SD) 2.2 (0.9)*

Motor complication scored

Dyskinesias,e Mean [SD] 0.5 (1.4)*
OFF state,f Mean [SD] 0.5 (1.0)*

Levodopa dose d, mg/day [Mean (SD)] 380 (156)
mg/kg/day [Mean (SD)] 5.3 (2.2)

Body weight, kg [Mean (SD)] 73.1 (15.5)
Body mass index, kg/m2 [Mean (SD)] 26.6 (4.6)
Resting energy expenditure, kcal/day [Mean (SD)] 1412 (256)
Physical activity level [Mean (SD)] 1.42 (0.13)

Total daily energy expenditure, kcal/day [Mean (SD)] 2005 (398)
kcal/kg/day [Mean (SD)] 27.4 (2.5)

Calorie intake, kcal/day [Mean (SD)] 2166 (554)
kcal/kg/day [Mean (SD)] 29.6 (9.9)

Protein intake, g/day [Mean (SD)] 80.3 (19.3)
g/kg/day [Mean (SD)] 1.1 (0.3)

Constipation, N (%) 72 (35.6)

a According to Fisher's exact test (categorical variables) or one-way analysis of varian
b According to sex and age-adjusted analysis of covariance (* significantly different fro
c For trend according to sex and age-adjusted logistic regression (y significantly differ
d Provided for patients using levodopa (N ¼ 510 e �5 years, N ¼ 150; 6e11 years, N
e According to UPDRS-Part IV (sum of items 32-to-35).
f According to UPDRS-Part IV (sum of items 36-to-39).
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Accordingly, severe olfactory dysfunction would result in a reduc-
tion in food intake and body weight, while mild dysfunction would
be more likely be associated with their increase.

4.2. Nutrient intakes

Closely linked to food intake, which was higher in PD patients
than in controls independently of disease duration, higher intake of
several micronutrients was also observed in the whole patient
population. Interestingly, the intakes of micronutrients in the first 5
P-value

6e11 years (N ¼ 218) �12 years (N ¼ 180)

112 (51.4) 103 (57.2) 0.323a

69.1 (9.2) 69.0 (9.2) 0.189a

8.1 (1.7) 17.5 (6.6) <0.001a

2.4 (0.9)* 2.7 (0.8)* <0.001b

1.1 (1.7)* 1.9 (1.9)* <0.001b

1.0 (1.3)* 2.1 (1.4)* <0.001b

540 (304) 626 (291) <0.001b

7.9 (5.0) 9.4 (4.9) <0.001b

72.2 (17.0) 70.0 (16.0) 0.046b

26.5 (4.8) 25.5 (4.7)* 0.040b

1387 (269) 1349 (246) 0.044b

1.40 (0.12) 1.39 (0.11) 0.048b

1942 (421) 1875 (384) 0.040b

26.9 (2.6) 26.8 (2.5) 0.050b

2224 (542) 2362 (564)* 0.002b

30.8 (10.7) 33.7 (11.4)* <0.001b

80.3 (19.3) 83.0 (18.1)* 0.006b

1.1 (0.4) 1.2 (0.4)* <0.001b

111 (50.9)y 98 (54.4)y <0.001c

ce (continuous variables).
m the other groups by Bonferroni corrected pairwise comparison).
ent from the reference category [disease duration � 5 years]).
¼ 191; �12 years, N ¼ 169).
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Table 3
Linear regression of variables associated with daily levodopa dose (mg/kg/day; patients receiving levodopa therapy [N ¼ 510]).

Variables Univariable linear regression models Multivariate analysis (Model 1)b Multivariate analysis (Model 2)c

b-coefficient (SE) (mg/kg/day) P-value b-coefficient (SE) (mg/kg/day) P-value b-coefficient (SE) (mg/kg/day) P-value

Age at onset (years) 0.083 (0.022) <0.001 0.109 (0.247) <0.001 0.061 (0.025) 0.014
Male gender 0.377 (0.414) 0.363 0.321 (0.468) 0.494 0.01 (0.444) 0.984
Disease duration (years) 0.180 (0.028) <0.001 e e 0.198 (0.036) <0.001
HoehneYahr stage (1-class increase) 1.065 (0.262) <0.001 e e 0.719 (0.282) 0.011
Dopamine-agonist use (yes) 1.023 (0.465) 0.029 0.768 (0.479) 0.110 0.678 (0.462) 0.143
Constipation (yes) 1.054 (0.411) 0.011 0.954 (0.449) 0.035 0.741 (0.365) 0.041
Excess in protein intakea (g/day) 0.084 (0.008) <0.001 0.058 (0.011) <0.001 0.071 (0.010) <0.001
Protein redistribution diet (yes) �1.059 (0.423) 0.006 �0.998 (0.446) 0.012 �0.847 (0.419) 0.025

Abbreviations: SE, standard error.
a Amount exceeding the physiological requirements (0.8 g/kg/day).
b The “Model 1” did not include disease duration and severity.
c The “Model 2” included all the variables listed.
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years of the disease were comparable to those of matched controls.
This may appear to be in contrast with previous findings, since
some studies have reported a higher risk of developing PD in
subjects with lower intakes of poly-unsaturated fatty acids, vitamin
A, vitamin B12, vitamin E, folic acid and vitamin D [40]. However, it
should be recognized that the association between single nutrients
and the risk of PD is still controversial and needs to be clarified. The
evidence from prospective investigations is limited and case-
econtrol studiese like the present surveye are less appropriate for
the evaluation of a causeeeffect relationship. Nonetheless, our
study confirmed lower consumption of coffee and tea in PD pa-
tients. Finally, we observed that the intake of most nutrients
appeared to be appropriate in both patients and controls. The
exception was represented by vitamin D. Although the circulating
levels of this vitamin depend on several factors e unexplored
herein e we observed that mean intake was significantly lower
than recommended dietary allowances (15 mg/day) [27] in both
patients and controls. This condition may have important health
implications and supplementation should be taken into consider-
ation also because, specifically for PD, literature suggests that
vitamin D may have neuroprotective effects on dopaminergic
neurons [41].

4.3. Protein intake and levodopa therapy

Since it has been established that neutral amino acids and
levodopa compete for transportation in the small intestine and at
the bloodebrain barrier, significant benefits could be achieved
through adherence to PRD. These include the reduction in motor
fluctuations and the improvement in quality of life associated with
the efficacy of dopaminergic therapy [10,11]. Specific advice on this
issue is systematically provided at our Institute and current results
confirm that PRD offers improvement in motor fluctuations
without inducing severe dyskinesias, provided that levodopa
treatment regimens are optimized [4,10,11,14,15]. In line with this,
we have also shown that adherence to PRD may have an economic
impact in the long term, as it is associated with lower levodopa
requirements. A highlight of this study is the correlation between
excessive protein intake and levodopa therapy. This is an inter-
esting finding as disease durationwas directly associated with both
levodopa dosage and protein intake. For this reason, in clinical
practice, we could suggest both PRD diet and protein intake of 0.8 g/
kg of body weight to optimize levodopa dosage. An important
outcome of our survey is also the safety of PRD when this dietary
regimen is associated with routine nutritional care. In the past, PRD
has raised concerns in terms of risk of inducing weight loss and
nutritional deficiencies [10,11]. Indeed, it is associated with a lower
intake of protein and other micronutrients whose primary sources
Please cite this article in press as: Barichella M, et al., Dietary habits and n
practice, Clinical Nutrition (2016), http://dx.doi.org/10.1016/j.clnu.2016.0
are high-protein foods of animal origin (zinc, calcium and vitamin
B12). On the other hand, all nutrient intakes (macro- and micro-
nutrients) were likely to satisfy daily requirements. However,
monitoring should be considered.

4.4. Constipation

Constipation is a highly prevalent condition in PD. In addition to
avoiding a sedentary lifestyle, dietary modifications still are the
first-line strategy to address this non-motor symptom [1,18].
Accordingly, patients should be advised to increase their fiber and
water intakes, as these may positively affect bowel function by
increasing fecal bulk and improving stool consistency. Overall, PD
patients reported higher fiber intake, but also lower water intake
than controls, while no differencewas found between patients with
and without constipation. It should be highlighted that in the
presence of low water intake a high-fiber diet negatively affects
stool consistency and bowel habits. Finally, we observed that con-
stipation was associated with higher levodopa requirements.
Increased transit time and gut dysbiosis may reasonably be
considered to be responsible for higher degradation and reduced
availability of levodopa therapy. This is consistent with previous
observations that antibiotic therapy improves motor fluctuations
[42]. Therefore, it is reasonable to take optimization of dietary
habits into consideration to improve bowel habits.

4.5. Limitations and strengths

The main limitation of the present study is the cross-sectional
design. Longitudinal studies are required to confirm the positive
impact of diet on the major nutritional issues characterizing PD
patients: body weight, constipation and diet-levodopa therapy in-
teractions. Second, the present survey has been conducted at a
single movement disorders clinic, in which nutritional care is in-
tegrated with neurologic clinical activities and is provided on a
routine basis. Third, we have studied only patients with a MMSE
score > 24. Considering the prevalence of dementia in PD [43] the
potential role of cognitive decline on dietary habits in PD deserves
further investigation. Besides, assessment bias associated with the
method used in the ascertainment of dietary habits should be
acknowledged. Particularly, the rather limited number of food
items (N ¼ 66) studied (compared to the range included in other
available tools), the impact of seasonal variation on dietary
reporting [44] and the risk of under- and over-reporting should be
taken into account, although the administration method (direct
interviewing and involvement of the caregiver) have partly over-
come the last limitation listed. Also the method used for the
assessment of PAL has limits, as the energy expenditure for the
eurological features of Parkinson's disease patients: Implications for
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same physical activities may differ according to body weight.
However, patients and controls were mostly sedentary and the
relationship between energy expenditure and body weight is likely
more complex in PD, since patients are characterized by higher lean
body mass [45,46]. Finally, a higher number of controls (2:1 or 3:1),
exclusively sampled from the community, would have further
increased the power of our analysis and the strength of present
findings. Nonetheless, this study enabled the identification of
critical issues in the dietarymanagement of this patient population.
These factors clearly are the ones requiring the most attention to
achieve further nutritional optimization.
4.6. Conclusions and implications for practice

Nutritional care should be considered to be an integral part of
the care of PD patients. Attention should be always focused on
calorie intake to avoid unintentional weight loss and on protein
intake to avoid interactions with levodopa. This would result not
only in adequate nutrient intake, but also in optimization of
levodopa-therapy and related motor complications occurring dur-
ing the course of the disease. Clinicians should also focus on the
management of constipation, bearing in mind the potential impact
on the management of dopaminergic therapy.
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