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Abstract

Parkinson’s Disease (PD) develops progressively remaining at a pre-diagnostic
stage for many years. The International Parkinson and Movement Disorder
Society (MDS) recently introduced a methodology for probability score
calculation for prodromal PD (pPD). The aim of this postdoctoral research was
to investigate the association of dietary (Mediterranean Diet adherence) and
other factors (such as physical activity, cognitive function, motor function, frailty
syndrome) with pPD (symptoms, probability, status). Data from a population-
based cohort study of older adults (HEllenic Longitudinal Investigation of Aging
and Diet-HELIAD) in Greece were used. Probability of pPD was calculated
according to MDS research criteria. A detailed food frequency questionnaire was
used to evaluate dietary intake and calculate Mediterranean diet adherence
score. Physical activity was assessed with a physical activity questionnaire and,
indirectly, with gait speed tests and a motor complaints questionnaire. Frailty
was evaluated according to definitions of the phenotypic and multidomain
approach. Cognitive performance in 5 cognitive domains was assessed by a
detailed neuropsychological battery. Logistic and linear regression models were
performed to investigate associations between each factor (MeDi score, frailty,
physical activity etc) and probability of pPD, either continuous or dichotomous
(230% probability score). The median probability of prodromal PD was 1.9%,
ranging from 0.2 to 96.7% in 1731 PD-free individuals over the age of 65 (41%
male). Lower probability for prodromal PD (p<0.001) in the higher
Mediterranean diet adherence groups was noted, driven mostly by non-motor
markers of prodromal PD, depression, constipation, urinary dysfunction and
daytime somnolence. Each unit increase in the Mediterranean diet score was
associated with a 2% decreased probability for prodromal PD (p<0.001). On the
other hand, for each unit increase in motor complaints score and for each
kcal/kg/day lower energy expenditure (corresponding to 20min of light
walking/day for a 75-kg man) there was a 27 and 3% higher probability for
prodromal PD, respectively (P<0.001). Higher probability of pPD was also
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related to lower performance in all cognitive domains (memory, language,
executive, attention, and visuospatial function) (p<0.001). In addition, frail
participants had approximately 3 times higher pPD probability score (p<0.001).
We concluded that adherence to the Mediterranean diet and physical activity is
associated with lower probability of pPD in older people, while frailty status and
lower cognitive performance was associated with pPD. Further studies are
needed to elucidate the potential causality of these associations as well as the

underlying neurobiological mechanisms.
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INTRODUCTION

Due to increasing life expectancy, neurodegenerative diseases, such as
Parkinson’s Disease (PD), have continuously increased over the years!->. PD
develops progressively, presenting several motor and non-motor symptoms 6,
and, currently, there is no fully treatment of the disease. As PD remains at a pre-
diagnostic stage for many years, the International Parkinson and Movement
Disorder Society (MDS) recently published research criteria and introduced a
comprehensive method of calculating probability score for prodromal PD
(pPD)’. Very limited data regarding pPD are available, while studies on

protective lifestyle factors are warranted.

Meanwhile, several studies have investigated the role of diet and physical
activity in PD 810, Studies on specific nutrients and foods showed inconsistent
results 11. 12, On the other hand, people eat meals containing a variety of foods
consisting of a variety of nutrients that may act interactively or synergistically13.
Thus, using a whole-diet approach, i.e., dietary patterns, provides an alternative
and complementary tool to understand the role of diet in chronic, including
neurodegenerative, diseases 13 14, Adherence to the Mediterranean Diet (MeDi) is
associated with reduced odds or risk for PD, in studies in the US population 15 16,
However, whether MeDi is related to pPD, or some of its manifestations (motor
and non-motor markers), is currently unknown. Similarly, results on the effects
of cognitive status, physical activity, and other metabolic and motor factors on
PD are limited and for some factors conflicted, while associations with pPD are

unknown.

Frailty is a term used to describe the increased vulnerability levels observed
mainly in older people caused by accumulation of multiple deficits 17 18, Frail
people present a decline in various domains of human functioning (mobility, gait,
muscle strength, cognition, physical activity) and are more susceptible to
adverse health outcomes (including hospitalization, loss of autonomy, falls and

mortality) 1°. Regarding the assessment of frailty, many instruments have been
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developed and used but overall two approaches have prevailed: a) the biological
or phenotypic approach, which focuses on the physical aspects of frailty, and b)
the multidomain approach, as part of a broader perspective which includes a
combination of physical measures, syndromes, diseases and psychosocial factors
20, Some core features of frailty syndrome (low gait speed, age-dependency, and
physical appearance of weakness) are also characteristics of PD. Similarities
between frailty and PD probably underlie shared pathophysiological
mechanisms. Data regarding the association between frailty syndrome and PD
are limited, derived mostly from cohorts of people diagnosed with PD 21-25, These
studies showed that frailty prevalence is higher among people with PD 23. 24 or
mild parkinsonian symptoms 22, compared to that observed in general older
population. To our knowledge, there is no study examining the association

between frailty syndrome and pPD.

To sum up, the purpose of this postdoctoral research was to investigate the
association of dietary (Mediterranean Diet adherence) and other factors (such as
physical activity, cognitive function, motor function, frailty syndrome) with pPD
(symptoms, probability, status) and PD in a general population of community

dwelling older population in Greece.

METHODS

Study Population and Design

The HEllenic Longitudinal Investigation of Aging and Diet (HELIAD) is a large-
scale, population-based, multidisciplinary study, designed to assess the
prevalence and incidence of several neuropsychiatric conditions of aging and
possible associations with diet, in Greece. Participants in HELIAD were selected
among community-dwelling population through random sampling (age=65, no

exclusion criteria) from two areas in Greece. Several demographic, medical,
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environmental, clinical, nutritional, and neuropsychological determinants were
collected. Qualified neurologists, trained neuropsychologists and dieticians
administered all questionnaires and conducted face-to-face interviews. Details
on HELIAD design, participation rates and clinical and neuropsychological
evaluation have been previously published 26-31, Below, we provide details that
are relevant to the present research. All volunteers gave informed written
consent prior to participation. Study procedures were approved by the relevant

Institutional Review Boards.

We collected demographic characteristics of the participants (age, sex, years of
education). A series of questions were posed to assess the type and amount of
tobacco use. Pesticide exposure was assessed using a structured pretested
questionnaire32. Participants provided information regarding all previous
neurological conditions, medical problems, illnesses and current medications.
We also collected information regarding the medical history of the participants’
first degree relatives, with particular attention to neurological diseases. Clinical
co-morbidities were recorded using a questionnaire containing 23 clinical

conditions.

Participants were screened for depressive symptoms and anxiety over the past
week, using the 15-item Geriatric Depression Scale33 and the 7-item anxiety
subscale of the Hospital Anxiety and Depression Scale34, respectively.
Quantitative and qualitative features of sleep during the last month were
assessed using the 12-item Medical Outcomes Study Sleep Scale3>. Perceived
changes in performance of daily activities and self-care habits were assessed

with the Blessed Dementia Scale3e.

Parkinsonian signs and symptoms were evaluated with the UPDRS motor part
(part II1)37. We also designed and administered a structured questionnaire to
determine whether core (e.g, parkinsonism), suggestive [e.g., REM sleep

behavior disorder (RBD)] or supportive features (e.g, systematised delusions) of
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the revised diagnostic criteria for Dementia with Lewy Bodies were present26. 38,

Finally, we administered the 12-item Neuropsychiatric Inventory3°.

Participants were examined by certified neurologists, or as an exception, on rare
occasions, by neurology residents towards the end of their training (as part of a
research project assignment). The obtained information was reviewed and
clinical diagnosis for each participant was reached using published criteria at
expert consensus meetings including the neurologists who examined the
participants (junior neurologists, and ED, GMH, and NS as senior neurologists)
and the neuropsychologists (psychometricians and MHK as senior
neuropsychologist). PD diagnosis was reached through standard clinical
research procedures: neurological clinical evaluation (past history,
symptomatology, examination etc), UPDRS administration, inspection of
medications etc*0. The diagnosis of dementia was based on Diagnostic and
Statistical Manual of Mental Disorders -1V-text revision criteria,*! the diagnosis of
probable or possible Alzheimer disease was made according to the National
Institute of Neurological and Communicative Disorders and Stroke/Alzheimer
Disease and Related Disorders Association criteria.#2 The diagnosis of vascular
dementia was based on a history or clinical evidence of stroke, the presence of a
clear temporal relation between stroke and the onset of dementia and the results
of Hachinski Ischemia Scale score.#3 Lewy body and frontotemporal dementias
were considered according to respective criteria.** 45 Mild cognitive impairment
(MCI) was diagnosed according to Petersen Criteria.#¢ Additionally a detailed
neuropsychological battery was used to assess participants’ cognitive status 27,47
56 and standardized scales to evaluate functional status as previously
described.26: 27. 31, For analyses purposes, we calculated a composite z-score

constructed from cognitive tests.

MDS research criteria and calculation of pPD probability

Three independent neurologists (Nikolaos Skarmeas, Georgia Xiromerisiou and

Maria Stamelou) reviewed questionnaires and clinical examinations included in
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the HELIAD study to identify variables corresponding to MDS risk and prodromal
markers. Data on all risk markers proposed by MDS, except occupational solvent
exposure and substantia nigra hyperechogenicity, were available (i.e., sex,
pesticides’ exposure, caffeine use, smoking, first degree relatives with PD
[genetics]). Moreover, information on the following prodromal markers included
in the MDS research criteria for pPD were available: probable RBD, excessive
daytime somnolence, orthostatic hypotension, possible subthreshold
Parkinsonism, constipation, urinary dysfunction, erectile dysfunction, depression
or anxiety without depression (for details, see Tables 1 & 2). Information on
olfactory dysfunction and tracer uptake of the presynaptic dopaminergic system

(SPECT/PET) were not available.

As recommended by MDS, pre-test probability of pPD was calculated according
to participant age. Individualized likelihood ratios (LRs) were calculated for each
risk and prodromal marker. Missing values were scored as 1.0. Total risk LR and
total prodromal LR was calculated separately by multiplying the relevant
markers and these LRs were then multiplied to generate the total LR. This total
LR was combined with pre-test probability to calculate the final post-test

probability of pPD.

LR risk markers = LRqey X LRpegiicides X LRnon-caffeine X LRnon-smoking X LRgenstics

LR prodromal markers = LRspapie Rep X LRdaytime somnotence X LRconstipation X LRsubparkinsonism X LRurinary dystunction
X LRereciile aystunction X LRdepression/anxiety

Total LR= LR risk markers x LR prodromal markers

Pre-test odds = (Pre-test probability/100) / (1—(Pre-test probability/100))

Post-test odds = Pre-test odds x Total LR

Post-test probability of prodromal PD = (Post-test odds / (Post-test odds + 1)) x 100

For the purpose of the current analysis, we used post-test probability as a

continuous variable, but also the cut-offs of 30% and 80%7.57.
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Dietary assessment

Dietary intake was assessed with a semi-quantitative food frequency
questionnaire (FFQ) validated for the Greek population®8. FFQ questions referred
to the last month. A trained researcher guided each participant or his/her
caregiver in completing the questionnaire. Adherence to the MeDi was evaluated
through the MeDi Score?6 59, Briefly, consumption of non-refined cereals, fruits,
vegetables, legumes, potatoes, fish and olive oil is presumed to closely
characterize the MeDi pattern and scored positively, while consumption of meat
and meat products, poultry and full-fat dairy products is presumed to diverge
from this dietary pattern and scored negatively, while for alcohol intake scoring
has an inverted U shape. The total score ranges from 0 to 55, with higher values
indicating greater adherence to the MeDi. For the purposes of the present study,
the MeDi score was used either as a continuous variable, or as quartiles: the first
quartile served as the reference group and was compared to the other quartiles,

i.e,, Q2, Q3 and Q4, with the latter indicating the greatest MeDi adherence 2629,

Physical activity assessment and other measures of motor function

Physical activity was assessed with the Athens Physical Activity Questionnaire
(APAQ), validated for the Greek population 0. APAQ questions referred to the
last week. A trained researcher guided each participant or his/her caregiver in
completing the questionnaire. APAQ was used to estimate total daily energy

expenditure (TEE) as kcal/kg of body weight/day.

Physical activity was also assessed indirectly with a 12-item questionnaire on
motor/walking complaints. The questions are designed to assess self-reported
subjective symptoms of gait dysfunction and postural instability (patient-
reported walking difficulties, freezing, small steps, dragging feet, imbalance and
getting up from a chair/bed and sitting down). A trained researcher guided each
participant in completing the questions. Ten questions were dichotomous

(ves/no:1/0), while two questions had six possible answers that were
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dichotomously categorized before scoring. The total motor complaints score
ranges from 0 to 12, with higher scores indicating increased subjective motor

impairment and therefore low physical activity.

We also used two gait speed tests (for 1m and 4m) as indirect measures of
fitness/physical activity 61-64, as they have been shown to be related to future gait
and balance problems in older adults and in PD patients®1-64, Each gait speed test
was performed twice and time to completion (sec) was recorded and averaged,
with greater time needed to perform the test being an indicator of motor

impairment. For the 4m-test we also used the cutoff speed of 0.8m/s®5.

Anthropometrics

Height and weight were measured to the nearest 0.5cm and 0.5kg, respectively.
Body Mass Index (BMI) was calculated by dividing the weight (kg) by the height
(m2). Waist circumference was measured using an anelastic tape in the midway
between the lower rib margin and the top of the iliac crest. World Health

Organization criteria for obesity®® and abdominal obesity status®” were used.

Frailty assessment

We took into account both the biological and the multidomain approaches of
frailty 20. Thus we used two measurements of frailty: the Fried definition 17 and
the Frailty Index (FI) 18 68, Briefly, regarding the Fried definition, participants
who met three or more criteria were considered as frail, those with one or two
criteria present as pre-frail and those who met none of the Fried’s criteria as
non-frail The five criteria were the following: (1) Slow walking speed was
defined as the lowest 20% of our study population for the 4 meters walking
speed test (adjusted for sex and height); (2) Shrinking/weight loss was defined
as Body Mass Index (BMI) <18.5kg/m?; (3) Poor endurance/exhaustion was
evaluated as a negative response to the question taken from the Geriatric

Depression Scale “Do you feel full of energy?” ¢%; (4) Low physical activity was

10
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estimated based on TEE calculated from the APAQ 79. The lowest 20% for each
sex was assumed to be indicative of this frailty criterion; (5) Weakness was
defined as grip strength in the lowest 20% adjusted for sex and BMI. Grip
strength of the dominant hand was measured with an electronic dynamometer
(model MG-4800, UK) and the mean strength of three trials was used in the
current analysis. Details regarding the operationalization of this definition and
specific cutoffs for walking time and grip strength criteria have been reported in

previous publications from the HELIAD study 71.

Fried’s criteria are mainly physical, thus frailty defined in this way is more likely
to share similar characteristics with PD. Thus, we also operationalized frailty
based on the multidomain definition proposed by Rockwood and Mitnitski 18. 68,
This approach is based on the calculation of a Frailty Index, defined as the ratio
of deficits presented in a person to the total number of deficits considered in a
medical evaluation. For the construction of FI we followed the standard
procedure described by Searle et al 72. In the current study, 38 variables
regarding diseases, syndromes, functioning in activities of daily living, cognitive
decline, mood disorders and performance on physical activities, were included
for the assessment of frailty (Supplementary Table 1). To avoid circularity when
investigating associations with PD, variables related to PD or included in the pPD
calculation (e.g., PD diagnosis, intention tremor, family history of PD) were not
included in the operationalization. According to this index, a score of 0.25 is the
cut-off point for frailty, with higher scores indicating the presence of more

“deficits”, and, thus, a greater degree of frailty 18.

Statistical analysis

Normality of data was graphically explored using Q-Q plots. Values are presented
as means+SD or medians (Q1, Q3) for continuous, normally and not normally
distributed, respectively, and as frequencies (%) for categorical variables.
Differences between sexes were tested by unpaired t-test or Mann Whitney rank

tests for normally and not normally distributed continuous, respectively, and

11
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Chi-Square tests for categorical variables. Differences between MeDi quartiles
were tested with one-way ANOVA followed by post-hoc Student paired t-tests, or
Kruskal Wallis followed by Mann Whitney rank tests, for normally and not
normally distributed continuous, respectively, and Chi-Square tests for
categorical variables. Post-hoc p-values were corrected for multiple
comparisons (Bonferonni). In supplementary analyses, we used logistic
regression analyses to investigate relations between MeDi and some individual
elements (constipation or urinary dysfunction), adjusted for sex. Furthermore,
we used linear regression models to investigate relations between MeDi and LR
for prodromal markers (ranked data), adjusted for some risk factors (age, sex,

smoking, or pesticides’ use).

The associations between MeDi score, cognitive performance, TEE and other
measures of motor function, frailty status (independent variables) and
probability of pPD (dependent variable, log-transformed data) were evaluated
with linear regression analyses. Logistic regression analyses were used for PD
and when pPD probability was treated as a dichotomous outcome (i.e.230%
probability). We used models unadjusted and adjusted for possible confounders;
results are shown are shown as 8 (95% CI) for linear and OR (95% CI) for logistic

regression analyses.

The MeDi score was entered into the models both as a continuous variable, as
well as in categorical form (comparing the first-lowest vs. other quartiles). in the
case of FI, frailty was entered into the models mentioned above both as a
categorical (comparing frail to non-frail individuals), but also as a continuous
variable (as the total criteria met by participants). Statistical significance was set
at the 5% level (p<0.05). All data were analysed using SPSS statistical software
(SPSS 19.0, SPSS Inc., USA).

12



Nutritional and other determinants of Parkinson’s Disease
Extended synopsis of Post-Doctoral Research

MARIA MARAKI, APRIL 2019

RESULTS

According to literature 3-> we expected a PD prevalence of 1-2% in our sample.
Out of 1765 volunteers, 34 (1.9%) were diagnosed with PD (for PD diagnosis see
methods). By design, participants with PD were excluded from the following
analyses regarding pPD. The distribution of the probability score for pPD in our
PD-free sample is shown in Figure 1A (probability data) and Figure 1B (log-
tranformed probability data that were used in the statistical models). Most
participants (~79%) had less than 5% probability of pPD, while 3% (n=49) of
the sample had 30% or more pPD probability. Demographics and

anthropometrics of the study population are shown in Table 3.
Dietary intake and MeDi adherence

The MeDi score of the participants with PD was 32.2+3.4, compared to 33.2+4.6
for those without PD (p=0.083) but the power of such analyses is quite low.
Dietary intake for PD-free volunteers is shown in Table 4. Females reported
greater carbohydrate and fat intake, and lower alcohol intake (as % energy

intake), resulting in a slightly lower MeDi score, compared to males (p<0.001).

Assessment of the pPD probability and its features by quartiles of MeDi score are
shown in Table 5. Pretest probability was higher in the 1st quartile, compared to
the 3rd and 4th quartiles. Male sex and regular pesticide exposure were more
prevalent in the upper MeDi quartiles; however, non-use of coffee and non-
smoking were more prevalent in the lower quartiles, resulting in lower LR from
risk markers only in the 4th quartile compared to the 2nd one. Moreover, daytime
sleepiness, depression, constipation, and urinary dysfunction were less prevalent
in higher quartiles, resulting in lower pPD probability in the 3rd and 4th quartile

compared to both the 1stand 2nd quartile of MeDi score (Table 5 and Figure 3).

Results of linear regression analysis assessing the association of pPD probability

with MeDi adherence are shown in Table 6. For each unit increase in MeDi

13
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score, we observed a 2.9% lower probability score for pPD on unadjusted
analysis, 1.9% when adjusted for years of education and 2.3% when further
adjusted for energy intake (p<0.01). Compared to participants in the lowest
quartile of MeDi adherence, those in the 3rd and 4th quartiles were associated

with an ~18-27% lower probability for pPD.

We explored associations between MeDi and certain individual elements of pPD
considering potential sex influences. Increasing MeDi score was associated with
lower odds of constipation and urinary dysfunction even when adjusting for sex
(data not shown). We further investigated the potential influence of constipation,
the pPD feature more directly linked to dietary habits. Associations of pPD
probability with MeDi adherence remained unchanged when the prodromal
marker of “constipation” was excluded from the calculation of pPD probability

(data not shown).

We explored the potential influence of cognitive dysfunction, which may lead to
underreporting or misreporting. Excluding participants with dementia (n=80) or,
additionally those with mild cognitive impairment (MCI, n=206) associations
between MeDi and pPD probability remained unchanged (data not shown, for

dementia and MCI diagnostic procedures in HELIAD see?26: 27).
Cognitive performance
Cognitive z score analyses

Assessment of the probability of pPD and its individual components by quartiles
of composite cognitive z score are shown in Table 7. Overall, higher probability

of pPD was associated with lower cognitive z scores.

Non-smoking, daytime somnolence, depression, constipation, urinary
dysfunction and sub threshold parkinsonism were more prevalent in
participants with lower cognitive performance (p<0.05). Higher pretest

probability, higher risk markers LR and higher prodromal markers LR were all

14
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related to lower cognitive performance (p<0.001 for all comparisons). Overall, as
probability of pPD increased, cognitive performance decreased (Table 8 and
Figure 4). Possible/probable pPD (probability 230%) was related with lower
cognitive performance (p=0.002) (Table 8).

Higher probability of pPD was related to lower cognitive performance in both
adjusted (for education, SES and number of comorbidities) and unadjusted
models (Table 9). Use of cognitive performance in quartile z score type

suggested a linear association (see p for trend- Table 9).

In logistic regression models, for each one SD reduction in cognitive tests, odds
of being diagnosed with possible/probable pPD doubled (OR=2.032; 95%CI:
1.403-2.942; p<0.001). Associations in adjusted for education, SES and number
of comorbidities model were similar: OR: 1.721 (95%CI: 1.080-2.741; p=0.022)

for decline of one SD of composite z-score.

When additionally adjusting for age and sex, associations between composite z

score and probability for pPD remained unchanged (data not shown).

MCI analyses

Among 1.629 participants, 203 received an MCI diagnosis and 1426 were
deemed cognitively unimpaired. Pretest probability of pPD, LRs for prodromal
markers, total LR and overall probability for pPD differed among participants
with MCI diagnosis and those with normal cognition (p<0.001 for all
comparisons), with enrichment of MCI proportions in population with higher LR

and higher PD probabilities.

Logistic regression analyses showed that compared to those with less than 30%
probability score for pPD, those having possible/probable pPD (>=30%
probability score) had triple odds of being diagnosed with MCI (OR= 3.148 ;
95%Cl: 1.542-6.427; p=0.001; adjusted model).

15
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Individual cognitive domains

Higher probability of pPD was associated with lower memory, executive, visual
spatial, language and attention speed z-scores (r=-0.171 to -0.288, p<0.001)
(Table 10). Moreover, all cognitive z-scores were lower in participants with

230% probability of pPD (Table 10).

Physical activity and motor function

Physical activity and other motor measures and pPD probability based on
whether or not they had possible/probable pPD are shown in Table 11.
Frequencies of each motor/walking complaint are shown in Figure 4.
Complaints reported most frequently were walking difficulty indoors (6%) and
outdoors (11%), poor balance (9%), while 7% of the study population reported

use of a walking stick.

The possible/probable pPD group had a significantly higher total motor
complaint score (p<0.001, Table 11) and reported having most of the motor
complaints (10 out of 12, p<0.05, Figure 4) more frequently than the non-pPD
group. They spent 1.6 fewer kcal/kg/day (p=0.010) in everyday physical
activities (corresponding to ~30 min of light walking less per day for a 75 kg
man). They also had low gait speed more frequently (p<0.001) and needed
longer to complete the gait tests (p<0.001). In addition, they had greater score in
UPDRSIII (p<0.001).

For each unit increase in motor complaints score, there was a 27% higher pPD
probability (p<0.001) and a 48% increase in the odds of having
possible/probable pPD (p<0.001) (Table 12). Having at least one motor
complaint was associated with more than double pPD probability (p<0.001) and
approximately 5 times higher odds of having possible/probable pPD (p<0.001).
The probability of pPD was associated mainly with dragging the feet or taking

small steps when walking and poor balance (p<0.05; data not shown), and to a

16
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lesser extent (only when probability was treated as a dichotomous variable,

p<0.05; data not shown) with using a cane as a walking aid.

Decrease in physical activity (TEE) was associated with increased pPD
probability, so that 1 kcal/kg/d lower TEE (corresponding to 20 min of light
walking per day for a 75-kg man) was associated with 3% higher pPD probability
(p<0.001) and a 9% increase in odds of having possible/probable pPD (p=0.043)
(Table 12).

Frailty

Frailty prevalence in the total sample was 4.2% and 22.2% as measured with the
Fried definition and the FI, respectively 73. Frailty prevalence was higher among
participants with PD or possible/probable pPD, compared to PD/pPD-free
participants, irrespectively of the frailty definition used (p<0.05; Figure 5).

Results of regression analyses assessing the association of frailty with
probability of pPD, possible/probable pPD (230% probability) and with PD are
shown in Table 13 and depicted in Figure 6a and 7b. Using the Fried definition,
pre-frail participants had 47% higher pPD probability and double odds of having
possible/probable pPD and PD, compared to non-frail participants. Frail
participants had 2.9 times higher pPD probability score, approximately four
times higher odds of having possible/probable pPD and approximately seven

times higher odds of having PD, than the non-frail participants.

When frailty was measured with the FI, frail participants had 8 times higher odds
of having possible/probable pPD (p <0.001) and 12 times higher odds of being
diagnosed with PD (p<0.001), than the non-frail participants. It is remarkable
that for each point increase in frailty score (out of 38) i.e. for each additional
criterion of frailty in the FI, we observed approximately a 17% higher pPD
probability (p<0.001), 37% higher odds of having possible/probable pPD
(p<0.001) and 32% higher odds of being diagnosed with PD (p<0.001).

17
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When adjusted for age, sex, education and socioeconomic status the above
associations remained strong for the most part (Table 14). Compared to non-
frail participants, those with frailty, as identified with either the Fried definition
or FI, had more than four (p=0.014) and 11 times (p<0.001), respectively, higher
odds of having PD, while each additional criterion of frailty in the FI was
associated with 1.3 times higher odds of having PD (p<0.001). In analyses where
continuous pPD probability score was the outcome, frail participants had 63%
(p<0.001) and 2.3 (p<0.001) times higher pPD probability score in the analyses
with the Fried definition and FI respectively. Each additional criterion of frailty
in the FI raised the pPD probability score by 14% (p<0.001). Compared to the
non-frail by the Fried definition, pre-frail participants had 1.6 (95% confidence
interval [CI] 0.84-3.14) times and frail participants 2.2 (95% confidence interval
[CI] 0.72-7.23) times higher odds of having pPD. These non-significant results
were possibly due to the relatively small number of participants diagnosed with
pPD and either pre-frailty (n=29) or frailty (n=>5). Frail participants as measured
with FI had more than seven times higher odds of having possible/probable pPD
(p<0.001). Each additional criterion of frailty in the FI was associated with 1.3
times higher odds of having pPD (p<0.001).

When we further explored the association between PD diagnosis, pPD diagnosis,
pPD probability score and frailty status by using the frailty instruments FRAIL
Scale, TFI and GFI, we found statistically significant associations in all models.
Specifically, compared to that of non-frail participants, the odds of frail people
being diagnosed with PD or pPD and the pPD probability score remained

significantly increased, irrespectively of the definition used (data not shown).

DISCUSSION

In the present research we investigated the association of dietary

(Mediterranean Diet adherence) and other factors (such as physical activity,
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cognitive function, motor function, frailty syndrome) with pPD (symptoms,
probability, status) in a general population of community dwelling older

population in Greece.

Several studies have shown protective effects of the MeDi dietary pattern for
numerous diseases, including some neurodegenerative ones, like Alzheimer’s
disease’4. However, limited data on the MeDi and PD associations are available. A
previous case-control study in the US population found that MeDi adherence was
associated with later PD age-at-onset!®>, while a prospective study showed that
higher MeDi adherence tended to reduce the risk for established PD26. In the
present work, we extended current knowledge by evaluating the probability of
pPD (and its features) and possible associations with adherence to the MeDi
pattern. Adherence to the MeDi was associated with a lower overall
probability score for pPD. Exploring individual features of pPD, older adults
who had a high level of MeDi adherence had a lower likelihood ratio for non-
motor markers of pPD, mainly depression and constipation and, to a lesser

extent, daytime somnolence and urinary dysfunction.

Several mechanisms may operate and explain our findings. High adherence to
MeDi may protect from alpha-synuclein aggregation and early neuronal
degeneration, presumably in the gut and several areas in the brain75-78,
decreasing odds or delaying manifestation of early features of pPD, such as
constipation, daytime somnolence and depression, and, finally, delaying PD
onset. The MeDi is characterized by high intake of plant foods (vegetables, fruits,
legumes, whole grains), low to moderate intake of fish and wine in moderation,
and components (phenolics, fibers, etc.), which have been shown to exert
antioxidant and anti-inflammatory effects, and thereby may conceivably protect
from neurodegeneration’+ 79-82, Concomitantly, these MeDi components and the
whole MeDi pattern have been associated with favorable gut microbiota
characteristics8385, possibly ameliorating the gut-to-brain signaling and,

therefore, beneficially affecting neuronal functioning in both the enteral and the
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central nervous system?6-78 86, Nevertheless, since the association of MeDi with
lower probability score of pPD in our study still remains when performing the
analysis without constipation, raises the possibility that association of MeDi with
other pPD markers may be also pertinent. In relation to the other features of
pPD, MeDi adherence has been associated with lower risk of changes in sleep
duration and with better sleep quality in older adults®’, with the latter possibly
being related to reduced daytime somnolence seen in our study. Similarly, our
results on the association of MeDi with lower likelihood of depression are in
accordance with most, but not all, previous evidence 8890, We detected no
association between MeDi adherence and motor exam. It could be that motor
features of PD (even subtle ones) are exhibited in the latter stage of pPD, i.e. may
be less present in the earlier pre-diagnostic/precursor stage, where other non-

motor markers are more prevalent®.

It is also possible that some of the non-motor markers of pPD, such as
constipation, were reduced in the adherers to the MeDi, regardless of potential
PD prodromal state. In other words conceivably MeDi affects constipation
without interfering with PD pathogenetic process per se. In such case, adherence
to the MeDi may have masked early features of pPD. Phrased differently, MeDi
adherence may be influencing the probability of individual aspects of the PD
risk/prodromal phenotype [see above84 83 90] but without being necessarily
associated with the underlying biological mechanisms. MeDi may also have a role
in modulating pathways that are related to aging process in general, such as
brain atrophy®1-93 and telomere length%. Spurious associations cannot be
entirely ruled out as there is no biomarker (e.g., DaTSCAN) to identify pPD cases.
Studies with biopsies or prospective studies are needed to investigate whether
MeDi adherence and the associated favorable non-motor markers’ profile
correspond to reduced alpha-synuclein aggregation, neurodegeneration and PD

onset, or is just a “masking” effect.
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We cannot rule out the possibility of reverse causality, i.e. that those with early
features of pPD tend to adhere to the MeDi to a lesser extent due to
circumstances associated with their incipient disease state. For instance,
depression has been associated with increased consumption of unhealthy
foods?3, while olfactory impairment due to aging or to pPD per se may exacerbate
this behavior?¢ 97. Again, prospective studies are needed to reveal the direction

of causality.

Even though we focused on pPD, the MeDi score of the diagnosed PD was non-
significantly lower compared to those without PD (p=0.083). This could be due
to limited power. Although there have been exceptions10, previous studies with
considerably higher power (PD cases between 257 and 600, i.e. 5 and 17.5 fold
higher than ours) have reported lower MeDi adherence in PD patients!> 16, Lack
of significant association of MeDi with pPD using cut-offs (vs. overall pPD

probability) could be also related to power restrictions.

Regarding physical activity we found that reduced physical activity, as
measured by TEE (1kcal/kg/day, corresponding to 20 min of light walking
per day for a 75-kg man), was associated with pPD, extending our knowledge
on the importance of lifestyle in the prevention of neurodegenerative diseases2¢
98, However, prospective studies are needed to confirm these results. Other
indicators of reduced physical activity such as motor/walking complaints and
low gait speed were also associated with a higher pPD probability score. All
these associations were significant in adjusted models, even when participants
with dementia, MCI, or stroke or age>80 years were excluded, and when
subthreshold Parkinsonism (i.e. UPDRSIII score without action tremor greater
than 3) was excluded from the calculation of pPD probability. Nevertheless, the
question of whether motor function measures (motor complaints, physical
activity or gait speed tests) are predictors or indicators of pPD, needs to be

further assessed in prospective studies.
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Higher probability of pPD was also associated with lower cognitive
performance in all domains and with higher probability of MCI. This was the
case not only for executive function, as some previous studies on PD have
suggested,”® but for all studied cognitive domains, e.g. memory, language,
attention-speed, executive, and visual-spatial. Among pPD markers, non-smoking
status, daytime somnolence, urinary dysfunction, constipation, depression and

sub threshold parkinsonism were associated with worse cognitive function.

Even though our results do not permit any firm conclusions regarding the
etiology of lower cognitive scores in participants with higher probability of pPD,
several previous data could explain these findings. In a recent pathological
study, participants with minimal motor symptoms were noted to have significant
decreases in dopaminergic neurons and terminals in the substantia nigra and
putamen, with phosphorylated a-synuclein inclusions in the substantia nigra and
considerable Lewy neuritic pathology in the putamen.l0 The inference, related
to our findings, is that such dopaminergic deficits in subclinical PD may also
influence cognitive abilities. Cognitive impairment in pPD may be also partially
mediated by early extrastriatal disease pathology or non-dopaminergic
pathways. Impairment of noradrenergic and cholinergic systems occur early in
Braak's proposed pathologic staging, before the engagement of nigral or cortical
neurons, involving these pathways as prime candidates for mediating lower
cognitive function in pPD.101 Additionally, progression of dopaminergic system
related neuropathology in PD may not fully comply with Braak's staging model in
all cases. No matter which model is the most reliable, the identification of onset
of parkinsonian symptoms outside the substantia nigra may relate to cognitive

changes in prodromal stage of PD.

To our knowledge, this is the first study to examine the association between
frailty (as measured with various instruments) and pPD probability (as
computed using the recently published MDS research criteria). Our results

showed that irrespective of the frailty measurement used, frail community-
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dwelling older adults had higher odds of being identified either with PD or
pPD, compared to non-frail individuals (Figure 6a and 6b), implying that the
mechanisms underlying this relationship may be independent of the specific

frailty criteria used in each assessment tool.

Regarding the association between PD and frailty, our findings are in line with
previous research. Ahmed et al. found that the prevalence of frailty in a sample of
PD patients was much higher, compared to that reported in cohorts of older
individuals 21. Frailty prevalence was also found to be higher in PD patients
compared to the general older population 23 or their spouses/siblings 24. A higher
prevalence of frailty has been reported in patients with mild parkinsonian
symptoms as well 22, We expand these findings by ascertaining associations in

the pPD stage and using different frailty definitions.

The pathway lying beneath the relationship between frailty and PD is not fully
understood. However, common underlying mechanisms between frailty and PD
may be responsible for the observed association. Specifically, inflammation 102
103, oxidative stress and free radicals 102 104,105 and mitochondrial dysfunction 106,
107 are common in both frailty and PD pathology. Frailty-related dysfunction of
the gut-brain axis, may also contribute to PD pathology 198, It has been also

hypothesized that dopamine dysfunction may mediate this relationship 22.

Most of the aforementioned changes attributed to PD pathology are thought to
occur early, years before PD diagnosis is reached. Our data support that notion,
since we found that frailty is associated not only with PD but also with pPD,
implying that the common characteristics between frailty and PD are present
even in the prediagnostic stage of PD (pPD). Thus, frailty diagnosis early in the
pPD stage may exacerbate the need for lifestyle changes to improve quality of life
and, perhaps, prevent or delay PD onset. Supporting to this notion is the finding
that a lifestyle factor, adherence to Mediterranean diet, is associated with lower
odds for both clinical identities in studies with a cross-sectional design, such as

ours 7198 suggesting common clinical strategies for their management.
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However, the cross-sectional design of the current study does not allow us to
establish any causal or temporal relationship between frailty and PD or pPD.
According to our findings, frail individuals had higher odds of being identified
with pPD, compared to non-frail individuals, but reverse causality cannot be
rejected. Besides frailty and pPD symptoms are possibly co-occurred and
triggered by the gradual multisystem decline of aging pathology. Future follow-
up will permit us to further explore on the direction of the relationship between

frailty syndrome and pPD probability or PD.

Our study has certain limitations. Due to the cross-sectional design, no causal
relationship can be established as discussed above. A potential non-response
bias, a phenomenon quite common in population-based cohorts of elderly with
low education0? 110 has to be considered. No major demographic differences
were identified between those agreeing and those refusing to participate in
HELIAD, except for a small age and sex difference: those who refused were ~4
years older and more likely male (46% vs. 41% males in participants)3l. This
may have contributed to underestimation of the overall pPD probability in our

population.

Another possible limitation is the lack of data on some MDS criteria, such as
olfactory loss and dopaminergic system PET/SPECT. In contrast to clinic-based
samples, obtaining data for each and every MDS criterion would be very time-
consuming, costly and not practical for large population-based cohorts. Overall,
we collected data for the vast majority of markers: 13 out of 17 (8 out of 10
prodromal markers). Furthermore, according to MDS recommendations and
recent studies? 111, pPD probability may be calculated using available markers in
each cohort, keeping in mind that it may be underestimated if the number of
markers is limited. Yet, pPD probability in our study was quite similar to that
found in other cohort of older adults?. Another concern could be that some
markers may have been assessed with tools not ideal, albeit practical for such

large population-based cohort studies. For example, we used questionnaires
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rather than polysomnography for RBD. Nevertheless, we noted a possible RBD
prevalence of 7%, very much in line with published rates from similar
populations!12 113, [n addition, the MDS criteria allow for assignment of
appropriate LR (i.e. 2.3) for possible RBD (vs. a LR of 130 for polysomnography
proven RBD7), thereby protecting from a potentially unjustifiably high influence
in pPD score calculation. We should keep in mind that MDS pPD criteria are still
under validation, and each criteria may not be specific to pPD (e.g. urinary
dysfunction) or may overlap with other neurodegenerative diseases (e.g.
depression in dementia); however, prospective studies showed promising

results, regarding their “combination”, i.e., pPD probability score 114 115,

At the same time, the current study has several strengths. We investigated for the

first time the association between diet and other factors and prodromal state of
PD, where preventive strategies may be more clinically valuable. Our sample is
as representative as possible of the aging population in Greece. All subjects were
fully examined by Neurologists (or rarely by Neurologists towards the end of
their residency training). A multidisciplinary consensus expert group established
the diagnoses based on uniform application of widely accepted criteria.
Noteworthy, PD prevalence (1,9%) in our sample was similar to that found in
other cohorts of older adults3-5, strengthening both the representativeness of our
sample and the validity of the diagnostic process used. PD prevalence in non-
institutional men in Canada was 1.2% for those aged 65-79 years and 2.1% for
those more than 80 years old3. In Europe, the overall prevalence in persons
aged=65 years was 1.8%?. Similarly, a meta-analysis of cohort studies in Europe,
North America and Australia found PD prevalence of 0.5% (60-69 years), 1.6%
(70-79 years) and 3.0% (80+ years)*. Along the same lines, median probability
score for pPD (1,9%) was also within previously reported ranges2. Furthermore,
the detailed evaluation of HELIAD subjects provided the ability to assess most
pPD markers (8 out of 10).
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Another advantage of our study is that we used an a priori MeDi score, instead of
a population-specific one used in prior studies on MeDi and PD10. 15, 16; thus, our
data may be compared with those of other populations in similar future studies.
Using the whole-diet approach excluded the investigation of nutrients/food
effects, of potential additive or contrasting food effects or the role of cooking
byproducts. Dietary information was collected once and longstanding dietary
habits capturing potential cumulative effects of changing dietary habits have not
been explored. Nevertheless, isolating “parts” of diet may be misleading and not
representative of real dietary behaviors possible associated with chronic
diseases!3 14, Therefore, we believed that the use of dietary pattern is more an

advantage rather than disadvantage of our study.

Moreover, the assessment of frailty with definitions belonging both to the
phenotypic and multidomain approach is another major strength. Cognitive
function was not estimated by self or proxy-report, or from previously recorded
information (all, susceptible to recall and interviewer bias) but via a very
extensive, detailed and validated neuropsychological battery designed to cover a
very broad range of cognitive domains.26 28 Moreover, we used definitions
including expert clinical judgment (e.g. MCI) apart from the objective cognitive
tests. Finally, we adjusted for many potential confounders (energy intake,
education, co-morbidities etc) and we performed all necessary supplementary

analyses to increase confidence in our findings.

In summary, the present research has contributed substantial information to the
growing literature demonstrating links between lifestyle and neurological
diseases. Our results suggest that adherence to the MeDi and physical activity is
associated with lower probability of pPD and some of its features in older people.
More studies are needed to elucidate the potential causality and the underlying
mechanisms. Clinicians may find it useful to evaluate diet and physical activity in
highly vulnerable populations, such as those with a PD genetic predisposition or

other pPD risk factors. Recommending the MeDi pattern and the Mediterranean
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active lifestyle, either to reduce the risk or lessen the effects (e.g., constipation,
depression) of pPD needs to be considered and further explored. Moreover, it
seems important for clinicians to be aware of the increased prevalence of frailty
when planning treatment not only in PD, but also in pPD stages. In addition, the
association between cognitive function and probability of pPD noted in our data,
should alert clinicians to look for motor symptoms in patients with MCI but also
for further relevant non-motor symptoms that may cluster together with lower
cognitive function such as RBD, autonomic dysfunction etc!16 and inform about
probability of future PD. As research is concerned, it would be important to
further investigate the underlying biologic pathways of the association between
the investigated and other factors and pPD and even search for potential
biological causal links between these factors / conditions. Future longitudinal
studies with multiple timepoints of assessments may bring us closer to this

target.
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Figure 1 Distribution of the probability score for Prodromal Parkinson’s Disease
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Figure 1 legend A. probability data and B: log-transformed probability data for
prodromal Parkinson’s Disease (PD) according to the International Parkinson
and Movement Disorders Society’s research criteria for prodromal PD in older

adults.
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Figure 2 Probability of prodromal Parkinson’s disease (PD) in relation to

cognitive function
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Figure 2 legend Probability of Prodromal Parkinson’s Disease (PD) according to
the International Parkinson and Movement Disorders Society’s research criteria,
in older people by quartiles of the Mediterranean Diet score (MeDi). Values are
medians (Q1, Q3). P-value from a Kruskal-Wallis test is shown. Values sharing
the same superscript letter are statistically significantly different from each
other, according to post-hoc Mann Whitney rank tests (Bonferonni corrected for
multiple comparisons. MeDi score ranges: Quartile 1: 17-30, Quartile 2: 31-33,

Quartile 3: 34-36, Quartile 4: 37-46.
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Figure 3 Probability of prodromal Parkinson’s disease (PD) in relation to

cognitive function
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Figure 3 legend Probability of prodromal Parkinson’s disease (PD) according to
the International Parkinson and Movement Disorders Society’s research criteria,
by quartiles of the cognitive composite z score. Values are medians (Q1, Q3). P-
value from a Kruskal-Wallis test is shown. Values bearing different superscript
letters differ significantly, according to post-hoc Mann Whitney rank tests
(Bonferroni corrected for multiple comparisons). E.g., each quartile of composite
z score has different superscript (Q1 has 2, Q2 b, Q3 ¢ and Q4 4), meaning that they

are all different from each other in the probability of prodromal PD.
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Figure 4 Motor complaints in relation to prodromal Parkinson’s Disease

Walking difficulty indoors ® All(n=1731)

Iking difficulty outdoors

—
- -
Somebody helps walking indoors . -
Ee——— * p<0.05 non-pPD(n=1682)
]

* M Possible/Probable

Somebody helps walking outdoors pPD (n=49)

.‘
*

Use of a walker as a walking aid

Use of a cane as a walking aid

Use of a wheelchair during the last month
Feet freeze suddenly when passing the doorways

Dragging your feet or taking small steps when walking

Poor balance

Unable to walk 2100 meters without resting

Getting up with help

0.

Q

% 10.0% 20.0% 30.0% 40.0%

Figure 4 legend: Frequencies (%) of motor complaints of the study population
(n=1,731, 41% males, Parkinson’s Disease [PD]-free) and according to
prodromal PD (pPD) status. Abbreviations: PD: Parkinson’s Disease; pPD:
prodromal PD. P-values were obtained with chi-square tests between pPD and

non-pPD groups. *p<0.05.
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Figure 5 Frequencies (%) of frailty status according to Parkinson'’s disease (PD)

status.
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Figure 5 legend Abbreviations: PD: Parkinson’s Disease; pPD: possible/probable
prodromal PD (i.e. pPD probability 230%), P-values were obtained with logistic

regression analyses. *p<0.05 vs. participants without PD or pPD.
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Figure 6 Odds-ratio and confidence intervals of the unadjusted association

between frailty status and diagnosis of PD and possible/probable pPD (230%

probability).
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Figure 6 legend (A) Frailty status measured with Fried Definition and (B) frailty

status measured with Frailty Index. Abbreviations: PD: Parkinson’s Disease;

pPD: possible/probable prodromal PD (i.e. pPD probability 230%),
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Table 1

Risk markers and assigned likelihood ratios (LR) based on the International Parkinson
and Movement Disorders Society‘s Research Criteria for Prodromal Parkinson'’s Disease.

LR: likelihood ratio.

Assessment tool Number
Marker Answer for + LR+/LR-
used of cases
Structured
1. Sex, male
questionnaire for Yes 757 1.2/0.8
demographics
Regular occupational
2. Regular Structured exposure to pesticides or
exposure to pretested >100 episodes of non- 184 1.5/1.0
pesticides questionnaire 32 occupational
exposure
Semi-quantitative
3. Nonuse of
food frequency <3 cups of coffee /week 362 1.35/0.88
coffee
questionnaire 58
1.25/0.45
4. Non Detailed
0.8 for former
smoking questionnaire for Never smoker 1156
smoker (minimum 1
status tobacco use

pack-year)

Medical history of
At least one first degree
the participants’
5. Genetics relative with Parkinson’s 86 2.5/1.0
first degree
Disease
relatives
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Table 2

Clinical non-motor and motor markers and assigned likelihood ratios based on the International Parkinson and Movement Disorders Society‘s
Research Criteria for Prodromal Parkinson’s Disease. DLB: Dementia with Lewy Bodies; LR: likelihood ratio; PD: Parkinson’s disease; RBD:
Rapid-eye-movement sleep behavior disorder.

Number of cases

Marker Assessment tool used Relevant questions/score Answer for + n (atleast one alternative | LR+/LR-
in each marker)
1. Possible RBD. Acting out their dreams. Yes 110
REM . DLB diagnostic tool 38 121 2:3/0.76
Behavior
disorder RBD. Intense movements during sleep Yes 37
How often during the past 4 weeks did you feel
. 305
drowsy or sleepy during the day?
Sleep Scale of the X :
. : How often during the past 4 weeks did you have All or most or a good
2. Excessive Medical Outcomes Study . . ” bit of the ti 126
daytime 35 trouble staying awake during the day? it of the time
How often during the past 4 weeks did you take naps 2.2/0.88
somnolence . . 370 | 773
(5 minutes or longer) during the day?
Daytime somnolence score (sum of the revised score .
. . >median score 763
in the above questions)
Neuropsychiatric . . . ”
Inventory (NPI-12) 3 Does the patient sleep excessively during the day? Yes 5
Geriatric Depression 1.8 /0.85
Scale (GDS)? GDS score >5 268
3a. . Clinical evaluation D.epressllon as major/s.econdary cause of dementia Yes 251 | 383
Depression diagnosis or not contributory to mental state
Med{cal .HlStOI‘y-USE of Use of antidepressants Yes 137
medication 1.0: for
3b. Anxiety 7-item anxiety subscale . anxiety
without of the Hospital Anxiety HADS score >7 223 §28r(ez;:i60\r/1v)1thout 3a without
depression and Depression Scale p depressio
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(HADS) 34 n
Clinical evaluation 3px1ety as major/secqndary cause of dementia Yes 278
iagnosis or not contributory to mental state
Medical History-Use of | ;0 ¢ anxiolytics Yes 219
medication
4. OrthosFatlc DLB diagnostic tool 3 Does the participant suffer from orthostatic Yes 85 85 2.1/0.9
hypotension hypotension?
g' o DLB diagnostic tool 38 Does the participant suffer from constipation? Yes 313 | 313 2.2/0.8
onstipation
6. Sexual . . - .
d . DLB diagnostic tool 38 Does the participant suffer from impotence? Yes 4 4 2.0/0.9
ysfunction
Does the participant suffer from bladder
DLB diagnostic tool 38 incontinence? Yes 322
c71. Urinary Occasional or 363 1.9/0.9
ysfunction .
Blessed Dementia Scale . frequent wet bed or
Sphincter control 315
36, completely
incontinent
8. Sub- Motor part of Unified
threshold Parkinson'’s Disease UPDRS score excluding action tremor >3 62 62 10/0.7
parkinsonism | Rating Scale (UPDRS) 37
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Table 3. Demographics and anthropometrics of the study population (n=1731)

Age, median (Q1, Q3), years 73 (69,77)
Education, median (Q1, Q3), years 6(5,12)
Sex, male, % 40.7
Smoking, % 10.4
Socioeconomic status, lower, % 45.8
Number of clinical co-morbidities, median (Q1, Q3) 1(1,2)
BM], median (Q1, Q3), kg/m? 28.4 (25.7,31.6)
BMI status

Underweight, % 0.4
Normal weight, % 19.1
Overweight, % 43.8
Obese , % 36.7
Waist circumference, cm 101.0 (93.0, 109.0)
Abdominal obese , % 69.7

Values are means + SD or median (Q1, Q3) or frequencies (%) for normally
and not normally distributed continuous and categorical variables,

respectively.
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Table 4 Dietary characteristics of the study population

All Males Females
p-value
(n=1,731) (n=705) (n=1026)

Energy Intake, kcal/d 1972 £534 2080564 1899500 <0.001
Carbohydrates, % energy 38.0 £ 6.0 37.0+£6.0 38.7+5.9 <0.001

Proteins

% of energy 154 +2.8 15327 155+2.8 0.258
g/kg/d 1.03+£0.34 1.00x0.31 1.05+036  0.004
Lipids, % of energy 447 +5.8 442 +5.6 449+59 0.016
Alcohol, % of energy 0.0 (0.0,1.9) 0.0(1.5,5.7) 0.0(0.0,0.7) <0.001
MeDi score 33.2+46 343 £4.3 32.5+4.7 <0.001

Values are means * SD or median (Q1, Q3) or frequencies (%) for normally and
not normally distributed continuous and categorical variables, respectively. P-
values obtained with unpaired t-test or Mann Whitney rank test (continuous,
normally and not normally distributed, variables) or Chi-square test (categorical

variables).
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Table 5

Prevalence of LR positive risk, clinical motor and non-motor markers according to the International Parkinson and Movement Disorder

Society, in older people by quartiles of the Mediterranean Diet score (MeDi).

All MeDi Quartile 1 MeDi Quartile 2 MeDi Quartile 3 MeDi Quartile 4
(n=1,731; (n=462; (n=375; (n=413; (n =424; p-value
scorerange: 17-46) scorerange: 17-30)  scorerange: 31-33)  score range: 34-36) score range: 37-46)
Age (years) 73 (69, 77) 74 (70, 80) ab 73 (69,77) 72 (69,76)a 73 (69, 76) b <0.001
Pretest Probability of prodromal PD 2.83%0.72 2.93+0.74 ab 2.83+0.71 2.78+0.812 2.73+0.70b <0.001
Risk markers
Sex, % male 40.7 26.8 38.7 46.0 51.4 <0.001
Regular pesticide exposure, % 12.7 5.7 13.4 14.3 16.4 <0.001
Nonuse of coffee, % 19.5 24.7 20.5 17.7 15.1 0.003
Nonsmoking, % 63.1 70.7 65.3 59.4 55.9 <0.001
First degree relative with PD, % 4.5 5.2 5.1 4.6 3.1 0.420
LR risk markers 1.08+0.56 1.06+0.50 1.11+0.582 1.09+0.57 1.07+0.602 0.032
Prodromal markers
Possible RBD, % 7.0 8.7 5.9 4.8 7.4 0.125
Daytime somnolence, % 44.7 49.6 47.2 40.2 43.2 0.029
Depression, % 22.1 29.4 22.9 20.1 16.7 <0.001
Orthostatic Hypotension, % 5.0 4.9 5.8 4.2 4.3 0.721
Constipation, % 18.2 221 18.4 16.0 14.7 0.022
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Impotence, % 0.8 0.7 0.0 1.4 0.8 0.721
Urinary Dysfunction, % 21.3 25.5 23.2 17.2 18.4 0.007
Sub threshold parkinsonism, % 3.6 2.6 2.9 4.4 4.5 0.321
0.64 (0.27,1.37) 0.66 (0.49, 1.51)ab 0.64 (0.30,1.37) ¢ 0.58 (0.26,1.37)ac 0.64 (0.26,1.36) P
LR prodromal markers <0.001
range: 0.23- 799.95 range: 0.23- 342.64 range: 0.23- 125.14 range: 0.23- 178.84 range: 0.23- 799.95
Total LR for prodromal PD 0.66 (0.31, 1.50) 0.77 (0.40, 1.76) &b 0.71 (0.36,1.48) ¢ 0.54 (0.23,1.31)ac 0.56 (0.30, 1.32) b <0.001
Probability of prodromal PD 1.92 (0.87, 4.32) 2.33(1.01, 4.96)a>b 2.02 (0.96, 4.22) ¢ d 1.54 (0.72, 4.00) a.c 1.50 (0.79, 3.66) b.d <0.001
280% probability of prodromal PD n
4(0.2) 3(0.6) 0(0.0) 0(0.0) 1(0.2) 0.161
(%)
250% probability of prodromal PD n
19(1.1) 8(1.7) 3(0.8) 5(1.2) 3(0.7) 0.466
(%)
230% probability of prodromal PD n
49 (2.8) 17 (3.7) 7(1.9) 10 (2.4) 14 (3.3) 0.388

(%)

Values are median (Q1, Q3) or means * SD or frequencies (%) unless otherwise stated. LR: likelihood ratio; PD: Parkinson’s disease; RBD: Rapid-eye-movement sleep behavior disorder.
P-values obtained with Kruskal Wallis tests (continuous, not normally distributed, variables) or chi-square tests (categorical variables). & b. ¢ d values in the same row sharing the same

superscript letter are statistically significantly different from each other according to post-hoc Mann Whitney rank tests corrected for multiple comparisons (Bonferonni).
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Table 6 Associations between the Mediterranean Diet score and probability of prodromal Parkinson’s disease.

MeDi score as a continuous variable Quartiles of MeDi score
B (95%CI) p-value B (95%CI) p-value p for trend
Un-adjusted 0.971 (0.959, 0.983) <0.001 Q1: 1 (reference) <0.001
Q2:0.896 (0.766, 1.049) 0.173
Q3:0.728 (0.625, 0.849) <0.001
Q4:0.731 (0.628, 0.851) <0.001
Adjusted for years of 0.981 (0.969, 0.993) 0.002 Q1: 1 (reference) 0.004
education Q2:0.915 (0.785, 1.067) 0.259
Q3:0.797 (0.686, 0.926) 0.003
Q4:0.819 (0.704, 0.951) 0.009
Adjusted for years of 0.977 (0.965,0.990) <0.001 Q1: 1 (reference) 0.001
education and energy Q2:0.916 (0.782,1.072) 0.275
intake Q3:0.796 (0.681, 0.930) 0.004
Q4:0.793 (0.678,0.929) 0.004

Results from linear regression analyses using log-transformed data for probability of prodromal Parkinson’s disease. For clarity purposes, 8

(95%CI) were back-transformed from log scale to their original scale.
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Table7 Demographic and clinical characteristics of the study population by quartiles of

cognitive composite z score

Composite z Composite z Composite z Composite z P-value

score quartile score quartile score quartile score quartile

1 2 (n=423; 3 4
(n=368; range: -0.69 to (n=428; (n=410;
range: -3.10 to -0.10) range: -0.10 to range: 0.38 to
-0.69) 0.38) 1.38)
Sex, n (%)
Male 141 (38.3) 161 (38.1) 187 (43.7) 165 (40.2) 0.318+
Female 227 (61.7) 262 (61.9) 241 (56.3) 245 (59.8)
Age (years), 77(73,80)2 73(70,77)" 71(69,75)¢ 70 (67,73) <0.001#
median (Q1,
Q3)
Years of 4(2,6)2 6(4,6)"b 6(6,12)¢ 12 (9, 16)4 <0.001#
education,
median (Q1,
Q3)
MMSE, median 25 (22, 26)2 27 (25,28)b 28(27,29)¢ 29 (28,30)4 <0.001#
(Q1,Q3)
Clinical
comorbidities
A, n (%)
No 52 (14.2) 61 (14.6) 93 (21.9) 96 (23.5) <0.001+
1 125 (34.1) 143 (34.1) 147 (34.6) 142 (34.8)
2 113 (30.8) 114 (27.2) 110 (25.9) 111 (27.2)
23 77 (21.0) 101 (24.1) 75 (17.6) 59 (14.5)
SES, n (%)
Lower 230 (62.5) 207 (48.9) 169 (39.5) 122 (29.8) <0.001+
Higher 138 (37.5) 216 (51.1) 259 (60.5) 288 (70.2)
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Table 8 Probability of pPD, prevalence of LR positive risk, clinical motor and non-motor
markers according to the International Parkinson and Movement Disorders Society’s

research criteria for pPD, in older people, by quartiles of the cognitive composite z score

Composite z Composite z score Composite z Composite z P-value

score quartile quartile 2 score quartile score quartile

1 (n=423; range: - 3 4

(n=368; 0.69 t0 -0.10) (n=428; (n=410;

range: -3.10 range: -0.10 range: 0.38 to

to -0.69) to 0.38) 1.38)
Pretest
Pretest Probability of 3.5(2.5,4.0)? 2.5(2.5,3.5)p 2.5(2.0,3.5)c 2.5(2.0,2.5)4  <0.001#
pPD, median (Q1,Q3) 3.27+0.66 2.87+0.71 2.64+0.64 2.45+0.57
mean *SD
Risk Markers
Regular pesticide 45 (12.6) 56 (15.0) 34 (9.9) 24 (10.6) 0.167+
exposure, n (%)
Nonuse of coffee, n (%) 66 (18.3) 75 (18.1) 85 (20.0) 78 (19.0) 0.886*
Nonsmoking, n (%) 260 (72.2) 284 (67.8) 256 (60.0) 211 (52.5) <0.001+
Genetics, n (%) 15 (4.1) 19 (4.5) 19 (4.4) 21 (5.2) 0.910*
LR Risk Markers, median 0.88 (0.88, 0.88(0.88,1.32)2 0.88 (0.84, 0.88 (0.84, <0.001#
(Q1,Q3) mean+SD 1.32)a 1.11+0.60 1.32)ab 1.30)b

1.13+£0.64 1.07+0.52 1.00£ 0.50
Prodromal Markers
Possible RBD, n (%) 24 (6.5) 34 (8.1) 29 (6.8) 24 (5.9) 0.663+
Daytime somnolence, n 166 (45.1) 209 (49.4) 190 (44.4) 155 (37.8) 0.009+
(%)
Depression, n (%) 99 (26.9) 92 (21.7) 75 (17.5) 90 (22.0) 0.017+
Orthostatic hypotension, 21 (5.9) 19 (4.6) 21 (5.0) 20 (5.0) 0.887+
n (%)
Constipation, n (%) 83 (22.6) 97 (23.0) 73(17.1) 41 (10.1) <0.001+
Impotence, n (%) 1(1.8) 0 (0.0) 2 (1.6) 0(0.0) 0.168*
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Urinary dysfunction, n 115 (31.3) 98 (23.2) 76 (17.8) 48 (11.7) <0.001+
(%)
Sub threshold 18 (4.9) 15 (3.6) 12 (2.8) 4(1.0) 0.013+
parkinsonism, n (%)
LR Prodromal Markers, 0.71 (0.54, 0.64(0.49, 1.66)2 0.64 (0.26, 0.55 (0.26, <0.001%#
median (Q1,Q3) 1.60)a 3.90+39.06 1.36)b 1.15)c
mean*SD 3.09+13.07 2.36+10.50 0.93+1.28
Total
Total LR for pPD, median 0.85  (0.48, 0.82(0.37,1.76)z 057 (031, 046  (0.22, <0.001%
(Q1, Q3) mean+SD 1.84)a 3.87+34.47 1.28)b 1.06)¢

3.47+£14.56 2.52+12.27 0.98+1.63
Probability of pPD, 289 (134, 2.24(1.03,4.72) 151  (0.82, 1.09  (0.56, <0.001%
median (Q1, Q3) 6.24) 5.17+9.39 3.36)¢ 2.54)d
meanz*SD 6.35+£10.83 3.94+£899 235+3.76
Possible or probable pPD 13 (3.5) 16 (3.8) 8(1.9) 1(0.2) 0.002+
(230%probability), n (%)
Abbreviations: PD=Parkinson’s Disease; pPD= prodromal PD.

Lower quartile:1 - Upper quartile:4

Coffee consumption was assessed with a semi-quantitative food frequency questionnaire 8 and non-use of coffee

was assigned when participant consumed less than <3 cups of coffee/week 798,

*Pearson’s chi-square test

#Kruskal- Wallis test. Values in the same row bearing different superscript letters differ significantly, according to

Mann Whitney rank tests (not normally distributed continuous variables, Bonferroni corrected for multiple

comparisons).

e.g, for Pretest Probability of pPD: each quartile of composite z score has different superscript (Q1 has 2 Q2 b, Q3 ¢

and Q4 9), meaning that they are all different from each other; for LR Risk Markers: Q1 and Q2 have 2, meaning that

they do not differ from each other, Q4 has b, meaning that differs from both Q1 and Q2 (which have 2), while Q3 has

both 2 and b, meaning that it does not differ from any quartile)
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Table 9 Associations between the cognitive composite z-score and probability of pPD.

Model Composite z-score as a Quartiles of Composite z-score

continuous variable

Beta (95%CI) p-value Beta (95%CI) p-value p for
trend
Un-adjusted 0.646 (0.591,0.684) <0.001 Q1: 0 (reference) <0.001

Q2:0.796 (0.681,0.932) 0.005
Q3:0.560 (0.479, 0.655) <0.001
Q4:0.403 (0.345,0.471) <0.001

Adjusted for 0.725(0.660,0.796) <0.001 Q1: 0 (reference) <0.001
years of Q2:0.835(0.712,0.980) 0.027
education, SES Q3:0.633 (0.535,0.749) <0.001

and number of Q4:0.520 (0.427,0.635) <0.001

clinical

comorbidities

Abbreviations: SES=socioeconomic status; pPD= prodromal Parkinson’s Disease.
Results from linear regression analyses using log-transformed data for probability of pPD. For
clarity purposes, s (95%CI) were back-transformed from log scale to their original scale. Lower

quartile:Q1 - Upper quartile:Q4.

56



Nutritional and other determinants of Parkinson'’s Disease

Extended synopsis of Post-Doctoral Research

MARIA MARAKI, APRIL 2019

Table 10 Participants’ z-scores in individual cognitive domains in relation to probability of pPD

Memory p Visual P Language P Attention p
z-score Spatial z- Z-score Speed z-
score score
Continuous pPD probability
Spearman’s -0.270 <0.001 -0.171 <0.001 -0.288 <0.001 -0.250 <0.001
Correlation
Coefficient of
association with
probability of pPD
Dichotomous pPD probability (possible or probable; 230% probability)
Total sample -0.16 (- 0.09 (- -0.07 (- 0.04 (-0.72,
median (Q1, Q3) 0.77,0.51) 0.50,0.56) 0.71,0.56) 0.57)
No pPD -0.14 0.002* 0.09 0.020%* -0.06 <0.001* 0.05 0.035%
median (Q1, Q3) (-0.74, (-0.50, (-0.69 , (-0.72,
0.51) 0.56) 0.57) 0.57)
Yes pPD -0.66 (- -0.12 (- -0.67 (- -0.24 (-
median (Q1, Q3) 1.19, - 0.94,0.33) 1.29,0.04) 1.48,0.49)
0.13)

Abbreviations: PD=Parkinson’s Disease; pPD= prodromal PD.

*Mann-Whitney rank test
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Table 11. Physical activity and motor measures according to prodromal PD

(pPD) status

All Non-pPD group Possible/Probable p-
(n=1731 PD- (i.e. pPD pPD (i.e. pPD value
free) probability<30) probability 230)
(n=1682) (n=49)
Motor  complaints
<0.00
score, median (Q1, 0(0,0) 0(0,0) 1(0,2) 1
Q3)
At least one motor <0.00
349 (20.2) 321(19.1) 28 (57.1)
complaint, No. (%) 1

TEE, median (Q1,

27.6 (25.2,30.9) 27.6(25.2,30.9) 26.0 (24.5, 27.6) 0.010
Q3), kcal/kg/day
Gait speed, median
1.20 (0.98,1.53) 1.20(0.97,1.51) 1.43 (1.08, 1.90) 0.001
(Q1,Q3), secfor Im
Gait speed, median <0.00
3.95(3.24,4.95) 3.92(3.24,4.90) 4.93 (3.76, 6.63)
(Q1, Q3), sec for 4m 1
Low ait  speed
8 P <0.00
(<0.8m/s, 4m test), 408 (24.1) 384 (23.4) 24 (49.0) 1
No. (%)
UPRDS score, <0.00
0(0,0) 0(0,0) 1(7,18)
median (Q1, Q3) 1
TEE=total energy expenditure; BMI=body mass index; PD=Parkinson’s Disease;

pPD=prodromal PD.

p-values were obtained with Mann Whitney rank tests (continuous, not normally distributed,

variables) or chi-square tests (categorical variables) between pPD and non-pPD groups.

Significant p-values are given in bold.
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Table 12: Associations between physical activity and other motor measures and

prodromal Parkinson’s Disease (pPD)

Models adjusted for BMI, years of education, socioeconomic status

and number of clinical comorbidities

Associations with
Associations with probability
possible/probable pPD (230%
of pPD (continuous variable)
probability)
(R2? of confounders 0.075)
(R2 of confounders 0.040)
R2 p-value B (95%CI) R2 p-value  OR (95%CI)
Motor
1.268 (1.209, 1.484(1.287,
complaints 0.124 <0.001 0.102 <0.001
1.331) 1.713)
score
At least one
2.053 (1.783, 5.042 (2.692,
motor 0.127 <0.001 0.105 <0.001
2.363) 9.442)
complaint
-1.0 * TEE 1.030 (1.017, 1.088 (1.003,
0.089 <0.001 0.051 0.043
(kcal/kg/day) 1.043) 1.181)

TEE=total energy expenditure; BMI=body mass index; pPD=prodromal Parkinson’s

Disease.

Results from linear regression analyses using log-transformed data for probability of

prodromal PD. For clarity purposes,  (95%CI) were back-transformed from log scale to

their original scale.
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Table 13. Associations between frailty (as measured with Fried definition and FI) and PD diagnosis, possible/probable

pPD (230% probability) and probability of pPD (continuous variable) in older population.

Participants with PD (n=34) vs Participants with pPD (n=49) vs Associations with probability of
participants without PD (n=1731) participants without pPD pPD (n=1731 PD-free)

(n=1682)
OR (95%CI) p-value  OR (95%CI) p-value B (95%CI) p-value
Association with Fried definition
Non-frail 1 (reference) 1 (reference)
2.34 0.035 2.08 0.023 1.48
Pre-frail <0.001
(1.06,5.17) (1.10,3.90) (1.32,1.65)
6.76 0.001 4.29 0.006 2.92
Frail <0.001
(2.21, 20.73) (1.51,12.18) (2.20, 3.87)
Association with FI (as a dichotomous variable)
Non-frail 1 (reference) 1 (reference)
| 12.16 <0.001 8.39 <0.001 2.86 <0.001
Frai
(5.46, 27.09) (4.56,15.42) (2.51, 3.25)

Association with FI (as a continuous variable)

Total continuous 1.33 <0.001 1.37 <0.001 1.17 <0.001
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score (1.23, 1.43) (1.28, 1.47) (1.16, 1.19)

Abbreviations: PD=Parkinson’s Disease, pPD= prodromal PD.

Results for probability of PD and pPD came from logistic regression analyses. Results for probability of pPD came from linear
regression analyses using log-transformed data. For clarity purposes, 8 (95%CI) were back-transformed from log scale to their
original scale.

All models were unadjusted.
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Table 14. Supplementary Analyses: Associations between frailty (as measured with Fried definition and FI) and PD
diagnosis, possible/probable pPD (230% probability) and probability of pPD (continuous variable) in older

population. Models were adjusted for gender, age, education and socioeconomic status.

Participants with PD (n=34) vs Participants with pPD (n=49) vs Associations with probability of
participants without PD participants without pPD pPD (n=1731 PD-free)

(n=1731) (n=1682)
OR (95%CI) p-value OR (95%CI) p-value B (95%CI) p-value
Association with Fried definition
Non-frail 1 (reference) 1 (reference)
2.02 0.093 1.63 0.146 1.19
Pre-frail 0.002
(0.90, 4.57) (0.84, 3.14) (1.07,1.33)
4.76 0.014 2.28 0.160 1.63
Frail 0.001
(1.36, 16.64) (0.72,7.23) (1.58,3.91)
Association with FI (as a dichotomous variable)
Non-frail 1 (reference) 1 (reference)
11.76 <0.001 7.55 <0.001 2.393
Frail <0.001
(5.12,27.01) (4.00, 14.25) (1.233,2.158)
Association with FI (as a continuous variable)
Total continuous 1.35 <0.001 1.39 <0.001 1.14 <0.001
score (1.24, 1.46) (1.28,1.50) (1.13, 1.16)
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Abbreviations: PD=Parkinson’s Disease, pPD= prodromal PD.
Results for probability of PD and pPD came from logistic regression analyses. Results for probability of pPD came from linear

regression analyses using log-transformed data. For clarity purposes, 3 (95%CI) were back-transformed from log scale to

their original scale.

Models were adjusted for gender, age, education and socioeconomic status.
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