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ABSTRACT ENGLISH

Background. Parkinson’s disease (PD) is the second most common neurodegenerative
disorder with complex presentations consisting of different motor and non-motor symptoms.
The multisystem and progressive nature of PD has made it a complicated entity with broad
variation in manifestations and reciprocal effects on several aspects of daily life.

Aims. This doctoral thesis investigated different neuroepidemiologic aspects of PD and
parkinsonism including its screening and prevalence in the urban area of Tehran, Iran,
nutritional status and risk factors for malnutrition, clinical and psychiatric features, health-
related quality of life (HRQoL) and its determinants in Iranian PD patients. For this purpose,
we also aimed to validate several questionnaires and make a new screening instrument.

Study I. Psychometric properties of the Persian-translated version of the short-form
Parkinson’s disease questionnaire (PDQ-8) were assessed in 114 Iranian patients with PD
consecutively recruited from an outpatient Movement Disorder Clinic. The Cronbach’s alpha
coefficient of the entire PDQ-8 was 0.740 (95% CI: 0.661-0.806). Replacement of PDQ-8
items with other questions with the highest internal consistency within each dimension of the
long-form PDQ (PDQ-39) did not further improve reliability. The Persian version of the
PDQ-8 was shown to be a valid and reliable instrument to assess HRQoL in Iranian PD
population especially in mental and behavioral aspects. PDQ-8 is a practical and informative
instrument in daily clinical practice where clinicians are in shortage of time and need a
validated self-reported brief questionnaire.

Study II. To develop a new instrument for screening of parkinsonism in community-based
surveys, a comprehensive questionnaire consisting of 25 items on different PD symptoms
was filled in 157 patients with parkinsonism and 110 controls. Using the concept of clinical
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utility index (CUI), six items on “stiffness & rigidity”, “tremor & shaking”, “troublesome
buttoning”, “troublesome arm swing”, “feet stuck to floor” and “slower daily activity”
demonstrated good validity (CUPB0.64) to be included in the new screening tool. We
introduced a new set of six items to screen parkinsonism, which showed higher diagnostic
values [area under curve (AUC)=0.977] compared to the previously developed
questionnaires. This new instrument could be used in population-based surveys to screen

parkinsonism in poor-resource settings.

Study III. Following a random multistage sampling of the households within the network of
“Health Centers” with 374 subunits in all 22 urban districts of Tehran, 20,621 individuals
answered the baseline checklist and the screening questionnaire developed in study II. Data
from 19,500 persons aged >30 years were entered in the final analysis. A total number of 157
cases were positively screened for parkinsonism that resulted in age- and sex-adjustment
prevalence rates of 222.9/100,000 (95% CI: 160-300) and 285/100,000 (95% CI: 240-329)
based on the real Tehran population and “WHO World Standard Population”, respectively.
The male/female ratio of probable parkinsonism was 1.62 and there was a steady increase by
advancing age. The calculated rates for the prevalence of parkinsonism in our study are closer
to the reports from some European and Middle-East countries, higher than reports from the
Eastern Asian and African populations, and lower than Australia. The prevalence rate of
>200/100,000 for parkinsonism in Tehran, Iran is considered as a medium-to-high rate.

Study IV. Nutritional status was evaluated in 143 Iranian PD patients and 145 age- and sex-
matched controls by means of the validated Persian version of the mini-nutritional assessment
(MNA). The mean of total MNA score was not significantly different between the two groups
[24.4 (SD=3.8) in controls vs. 25.1 (SD=3.4) in PD patients, p=0.094]. Three (2.1%) PD
patients were suffering from malnutrition and another 37 (25.9%) were at risk of



malnutrition; while in control group similar feature was observed (2.0% malnourished and
35.2% at risk of malnutrition, p=0.228). Our findings indicated similar nutritional status
among mild-to-moderate PD patients and matched controls from the same community.
However, nearly one third of PD population were either malnourished or at risk of
malnutrition necessitating more attention towards nutritional assessment in PD.

Study V. Factors affecting nutritional status were investigated in 150 PD patients including a
comprehensive list of motor and non-motor scales. The total score of the Unified Parkinson's
disease rating scale (UPDRS) scale (r=-0.613, p<0.001) and PD duration (r=-0.284, p=0.002)
had a significant inverse correlation with the total MNA score. A higher Hoehn and Yahr
stage [2.5 vs. 2.0, p<0.001], more severe anxiety [8.8 vs. 5.9, p=0.002], depression [9.0 vs.
3.6, p<0.001] and fatigue [5.4 vs. 4.2, p<0.001] were observed in PD patients with nutritional
insufficiency. Except for stigma, all other domains of the HRQoL significantly correlated
with the total MNA score. We showed that disease duration, severity of motor and psychiatric
symptoms (depression, anxiety) and fatigue associated with nutritional status in PD, which
itself affected different aspects of HRQoL especially the emotional well-being and mobility.

Study VI. A broad spectrum of demographic, motor and non-motor characteristics were
evaluated in 157 PD patients consisting of comorbidity profile, nutritional status, UPDRS
(total items), psychiatric symptoms (depression, anxiety), fatigue and psychosocial
functioning through physical examination, validated questionnaires and scales. Structural
equation model (SEM) and multivariate regressions were applied to find determinants of
Parkinson’s disease severity index (PDSI) and different domains of HRQoL (PDQ-39).
Female sex, anxiety, depression and UPDRS-part II scores were the significant independent
determinants of PDSI. A structural model consisting of global motor, global non-motor and
co-morbidity indicator as three main components was able to predict 89% of the variance in
HRQoL. However, outstanding heterogeneities in the pattern and determinants of HRQoL
were found among different PD phenotypes.

Conclusions. We showed a medium-to-high prevalence rate for suspicious parkinsonism in
Iranian population living in the urban area of Tehran by means of a novel 6-item screening
instrument. Similar nutritional status was found in mild-to-moderate PD patients and matched
controls from the same community. Yet, approximately one third of people with mild-to-
moderate PD were either malnourished or at risk of malnutrition. Duration of PD, severity of
motor symptoms, depression, anxiety and fatigue associated with nutritional status in PD
patients. Motor symptoms affecting activities of daily living (ADL), depression, anxiety and
female sex were found to be the strongest independent determinants of HRQoL in Iranian PD
population. Clear heterogeneities were found in the pattern and determinants of HRQoL in
different PD phenotypes, which should be considered during the assessments and developing
personalized interventions to improve life quality in PD patients with different prominent
features.

Keywords. Parkinson’s disease, Parkinsonism, Neuroepidemiology, Validation, Reliability,
Psychometric properties, Health-related quality of life, Screening instrument, Diagnostic
value, Prevalence, Community-based, Door-to-door study, Nutritional status, Malnutrition,
Determinant factor, Motor symptom, Non-motor symptom, Psychiatric features, Anxiety,
Depression, Fatigue, Phenotype, Heterogeneity



ABSTRACT SWEDISH

Bakgrund. Parkinsons sjukdom (PS) dr den nist vanliga neurodegenerativa sjukdomen med
komplexa sjukdomsyttringar bestaende av olika motoriska och icke-motoriska symtom. Den
komplexa och progressiva karaktdren av PS har medfort att det finns en bred variation av
olika sjukdomsmanifestationer och #ven de effekter som de kan ha pa det dagliga livet.

Malsittning. Denna doktorsavhandling har undersokt olika neuroepidemiologiska aspekter
av PS och parkinsonism inkluderande screening och prevalensundersokning i huvudstaden
Teheran, Iran, nutritionsstatus och riskfaktorer for malnutrition, somatiska och psykiatriska
symtom, hélsorelaterad livskvalitet (HRQoL) och dess determinanter hos iranska PS-
patienter. For detta #ndamal validerades ocksa flera frageformuldr och ett nytt
screeninginstrument utvecklades.

Studie I. Psykometriska egenskaper hos den persiska versionen av kortformen av
frageformuldret “Parkinson’s Disease Questionnaire” (PDQ-8) genomfordes pa 114 iranska
patienter med PS, konsekutivt rekryterade fran en neurologisk motorikenhet. Cronbach alpha
koefficienten for hela PDQ-8 var 0.740 (95% CI: 0.661-0.806). Vid utbyte av fragor fran
PDQ-8 med andra fragor med den hogsta interna konsistensen inom varje dimension av
langversionen av frageformuldret (PDQ-39), forbittrade inte reliabiliteten. Den persiska
versionen av PDQ-8 visade sig vara valid och utgora ett reliabelt instrument for att bedoma
HRQoL i en iransk PS-population, sdrskilt vad det giller mentala och beteendemaéssiga
aspekter. PDQ-8 ir ett praktiskt och informativt instrument for dagligt kliniskt bruk dér
lakare ofta har brist pa tid och behdver ett validerat, sjdlvrapporterande, kort frageformulér.

Studie II. Utvecklandet av ett nytt instrument for screening av parkinsonism i
populationsstudier togs fram genom att sammanstilla 25 fragor om olika PS symtom.
Formuldret fylldes 1 av 157 patienter med parkinsonism och 110 kontroller. Genom att
anvinda konceptet “Clinical Utility Index” (CUI), uppvisade 6 fragor god validitet
(CUI=0.64) och kunde inkluderas i det nya screeninginstrumentet. De nyintroducerade
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fragorna for att screena for parkinsonism var: “stelhet och rigiditet”, ”skakningar”, “svdrt att
kndppa knappar”, “dalig armpendling”, fastnande med fotterna”, “besvir med dagliga
aktiviteter”. Formuléret visade hogre diagnostiska virden (area under curve; AUC=0.977)
jamfort med tidigare utvecklade frageformuldr. Detta nya instrument skulle ddrmed kunna
anvidndas for att screena for parkinsonism i populationsbaserade studier i resurssvaga

omraden.

Studie ITI. Genom att anvinda en slumpmissig flerstegsmetod och rekrytera personer fran
olika hushall inom ett nitverk kallat "Health Centers” med 374 enheter inom alla Teherans 24
stadsdistrikt, kunde 20,621 personer besvara en checklista och det frageformuldr som
utvecklats i Studie II. Av dessa personer kunde data fran 19,500 personer >30 ar inkluderas i
den slutliga analysen. Totalt 157 personer screenade positivt for parkinsonism, vilket
resulterade i alders- och konsjusterade prevalenssiffror om 222.9/100,000 och 285/100,000
baserat pa den uppgivna Teheranska populationen respektive WHO World Standard
Population. Konsrelationen man/kvinna for sannolik parkinsonism var 1.62 och det var en
okning med okande alder. De kalkylerade siffrorna for prevalensen av parkinsonism i var
studie liknar de siffror i rapporter fran vissa Europeiska och MellanOstern linder men ir
hogre #n siffror frin Ostasien och Afrikanska populationer och ligre 4n de frin Australien.
Prevalenssiffran pa >200/100,000 for parkinsonism i Teheran, Iran, far anses som en
medel/hog siffra.

Studie IV. Nutritionsstatus utvirderades hos 143 iranska PS-patienter och 145 élders- och
konsmatchade kontroller genom att anvidnda den validerade persiska versionen av mini-
nutritional assessment (MNA). Medelvirdet av totala MNA poédngen var inte signifikant
skiljd mellan grupperna (24.4; SD=3.8 for kontroller mot 25.1; SD=3.4 hos PS patienter;



p=0.094). Tre (2.1 %) PS patienter uppvisade malnutrition och ytterligare 37 (25.9%) var i
riskzonen for malnutrition. Motsvarande siffror i kontrollgruppen var 2.0% malnutrierade
och 35.2% med risk for malnutrition (p=0.228). Vara fynd indikerar likartat nutritionsstatus
hos patienter med mild /moderat sjukdomsgrad av PS och matchade kontroller fran samma
omrade. Dock var nistan en tredjedel av PS populationen malnutrierad eller i riskzonen for
malnutrition, vilket pekar pa att man bor vara uppmérksam pa nutritionsbedomningar vid PS.

Studie V. Faktorer som paverkar nutritionsstatus undersoktes hos 150 PS-patienter genom en
omfattande genomgang av motoriska och icke-motoriska skalor. Den totala poingen fran
frageformuldret ”Unified Parkinson’s Disease Rating Scale” (UPDRS) (r=-0.613; p<0.001)
och PS-durationen (r=-0.284; p=0.002) uppvisade en signifikant omvénd korrelation med
totala MNA poingen. Hogre stadier av Hoehn och Yahr [2.5 vs. 2.0; p<0.001], svar oro [8.8
vs. 5.9; p=0.002], depression [9.0 vs. 3.6; p<0.001] och fatigue [5.4 vs. 4.2; p<0.001]
observerades hos PS-patienterna med nutritionsbrist. Forutom stigma korrelerade alla andra
dominer 1 HRQoL signifikant med totala MNA poédngen. Vi visade att sjukdomsduration,
svarighetsgrad av motoriska och psykiatriska symtom (oro, depression) och fatigue var
associerade med PS patienternas nutritionsstatus, som paverkade olika aspekter av HRQoL
och sérskilt emotionellt vilbefinnande och rorlighet.

Studie VI. Ett brett spektrum av demografiska, motoriska och icke-motoriska variabler
utvirderades genom fysisk undersokning och validerade frageformulir hos 157 PS patienter.
Dessa bestod av komorbiditet,, nutritionsstatus, UPDRS, psykiatriska symtom(depression,
oro), fatigue och psykosocial funktion. Statistiska metoder med ”’Structural equation model”
(SEM) och multivariat regression anvindes for att hitta determinanter till “Parkinson’s
disease severity index” (PDSI) och olika doméner av HRQoL (PDQ-39). Kvinnligt kon, oro,
depression och UPDRS del II var signifikant oberoende determinanter for PDSI. En
strukturerad modell bestaende av globalt motoriska, globalt icke-motoriska och komorbiditets
indikatorer som de tre huvudkomponenterna kunde predicera 89 % av variansen i HRQoL.
Dock var olika heterogeniteter i monstret och determinanterna for HRQoL olika for olika
fenotyper av PD.

Konklusion. Vi har pavisat en medel/hdg prevalens for suspekt parkinsonism i en Iransk
population som bor i Teherean genom att anvinda ett nyutvecklat 6-fragors screening
formuldr. Samma nutritionsstatus forelag hos mild/moderat svarighetsgrad av PS och
matchade kontroller frin samma omride. Andock var en tredjedel av personerna med
mild/moderat PS antingen malnutrierade eller i riskzonen for malnutrition. PS durationen,
svarighetsgraden av motoriska symtomen, depression, oro och fatigue var associerade med
nutritionsstatus vid PS. Motoriska symtom som paverkar dagliga aktiviteter (ADL),
depression, oro och kvinnligt kon var de starkaste oberoende determinanterna for HRQoL 1
en Iransk PS population. Olika heterogeniteter fanns i monstret och determinanterna for
HRQoL hos olika fenotyper av PS. Detta bér uppmirksammas vid bedomningar och vid
anvidndandet av individualiserade interventione for att forbéttra livskvaliteten hos PS patienter
med olika fenotyper.
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1 INTRODUCTION

1.1 Parkinson’s disease
1.1.1 Definitions and diagnostic criteria

Parkinson’s disease (PD) is considered as the major neurodegenerative movement disorder
conventionally characterized by its cardinal motor symptoms namely bradykinesia, resting
tremor, rigidity and postural instability [1]. The United Kingdom Brain Bank has introduced
the following criteria for parkinsonian syndrome [2], which has long been used in both
clinical practice and research projects as well:

*  “Bradykinesia

* At least one of the following:
o muscular rigidity
o 4-6 Hz rest tremor

o postural instability not caused by primary visual, vestibular, cerebellar,

or proprioceptive dysfunction” [2]

Recent profound changes in knowledge and improvements in the understanding of PD have
emerged the International Parkinson and Movement Disorders Society (MDS) to
commission a task force to redefine PD [3]. Increasingly more and more non-motor
symptoms (NMS) such as psychiatric disorders, cognitive impairment, autonomic
dysfunction, sleep disorders and sensory problems have been found to be associated with
PD, some of which have been recognized as prodromal symptoms that might even appear
before motor manifestations start [4]. Not only in symptomatology but also in
pathophysiology of PD, new findings have deeply changed our previous knowledge such as
genetic cases without synucleinopathy and rather considerable prevalence of incidental
Lewy body (LB) deposition in elderly population [3]. Yet, the mainstay of PD definition is
based on motor features and the MDS task force commission in 2014, highlighted clinical
expertise as the gold standard for PD diagnosis, which consists of the following criteria [3]:

*  “A motor clinical syndrome, with levodopa-responsive parkinsonism, typical

clinical characteristics, and the absence of markers suggestive of other disease

* Pathologic confirmation of a-synuclein deposition and dopamine neuronal loss

in the substantia nigra pars compacta (SNpc)” [3]

1.1.2 Etiology and pathology
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Idiopathic Parkinson’s disease (IPD), also called PD, is the most common type of a larger
group of movement disorders called parkinsonism. About 30-40% of the patients with
parkinsonism suffer from other types generally labeled as atypical parkinsonism (AP) [5-6].
Although these entities largely overlap in symptoms, different underlying pathologies are
involved. Other than vascular and drug-induced parkinsonism and those with consequential
disease following stroke, inflammation and intoxication, no clear single etiology has been
found for other types of parkinsonism including the commonest one, IPD. A complex
etiology has now been proposed consisting of both genetic and environmental factors.
Some of the gene mutations that could cause PD both in familial and sporadic forms are a-
synuclein, Parkin, SNCA, UCHLI, DJ1, PINKI, GIGYF2 and LRRK? [7-8], yet only 15%
of the patients with PD have a positive history of parkinsonism in their first-degree relatives
[9]. Among the environmental risk factors, some pesticides and chemicals such as /-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) [10], bacterial infections (Gardnerella
vaginalis, Helicobacter jejuni) [8] and head injuries [11] have been proposed. Nevertheless,
aging is well known as the strongest risk factor for development of PD [8].

The hallmark of PD pathology is the accumulation of misfolded a-synuclein protein, its
deposition and formation of the LBs in susceptible neurons, especially in the SNpc, which
leads to the loss of dopaminergic neurons [12]. Death of dopaminergic neurons may itself
initiates a cascade of adverse events namely energy crisis, oxidative stress, inflammatory
reactions by glial cells, proteasomal abnormalities, finally protein aggregation and a-
synuclein deposition [8]. Nonetheless, PD has now been accepted as a progressive
multiorgan disease with a comprehensive list of non-motor features indicating that non-
dopaminergic systems such as serotonergic and cholinergic are also involved in
pathophysiology of the NMS [4, 13]. So far, different hypotheses have been proposed on
how synucleinopathy starts, spreads and presents in PD pathophysiologic cascade.
According to the Braak theory, LB pathology firstly involves the Meissner and Auerbach
plexus of the foregut, then through a retrograde trans-synaptic transmission reaches the
preganglionic parasympathetic motor neurons of the vagus nerve, spreads up to the
olfactory bulb and medulla oblongata, then further up to substantia nigra and lastly to
higher cortical levels [14-15]. This theory fairly corresponds to the chronicity of the
symptoms in most PD patients starting from a non-motor prodromal phase, to motor
manifestations and ending with developed emotional and cognitive dysfunctions (Figure I).
Furthermore, there are other proofs of concept such as the finding of neuronal synuclein
deposition in 60-70% of the colon biopsies from PD patients [16].

The "prion-like” hypothesis has been also proposed as a potential mechanism to explain the
spreading of synucleinopathy in PD. Accordingly, pathogenic misfolded a-synuclein can be
released by living neurons through exocytosis into the neighboring extracellular milieu,
where it is then taken up by the intact nearby neurons via endocytosis. This exogenous a-
synuclein may act as a template that endorses misfolding of endogenous a-synuclein to
ultimately form LB in the second chain of the neurons [17-18].
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Figure 1. Schematic illustration of the time-course and stages of Parkinson’s disease based

on the Braak theory

1.1.3 Symptomatology

Regarding the multisystem nature of PD, a broad list of various symptoms could be
presented, which are generally divided into two large categories: motor and non-motor
symptoms. A brief classification of these symptoms can be presented as [1, 4, 16]:

*  Motor symptoms
o cardinal motor features

o other motor features
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o drug-induced motor complications
* Non-motor symptoms
o pre-motor (prodromal) manifestations
o early/middle stage non-motor manifestations
o drug-induced non-motor side-effects
o late/advanced stage non-motor manifestations
A more specific list of the symptoms is shown in Table 1.

NMS are quite diverse in PD both in their presentation and timing. Although some
particular symptoms are believed to occur during the long pre-motor prodromal period
particularly impairment of olfaction, vagal dysfunction, constipation, and sleep disorders,
they can also be observed during the early- and even the late-stage of the disease with
different severities [16]. Dementia and psychosis are more likely to develop in later stages
of PD, however, accumulating recent evidence suggests that mild cognitive impairment
(MCI) and mood disorders could be found quite early in PD course as well [19]. Similarly,
while fatigue and pain mainly dominate the clinical picture of PD during the advanced
stages, they have been listed as prodromal NMS, too [4]. Nonetheless, there are some
overall classifications as presented in Table 1.

1.1.4 Prognosis and treatment

PD is not a life-threatening disease by itself, but through some advanced complications
such as serious falling, aspirations, deep vein thrombosis and pulmonary embolism in
immobile late-stage patients. However, as a progressive neurodegeneration both motor and
non-motor problems worsen throughout the course of the disease quite diversely. Disease
progression varies largely from one patient to another and some dominant features have
been shown to predict more rapid progression particularly MCI, orthostatic hypotension
(OH) and REM sleep behavior disorder (RBD) [19]. A reduced death age has been shown
in PD patients especially for the young-onset group [20]. However, in case of timely
diagnosis and appropriate management, PD patients are expected to experience often about
the same life expectancy as for the general population particularly among those who do not
develop dementia [21].

Exogenous supply of brain’s dopamine is the mainstay of PD medication, which has
dramatically improved the management and control of movement problems. Levodopa in
combination with carbidopa or benserazide, and dopamine agonists such as pramipexole,
ropinirole, rotigotine and apomorphine are quite widely used to control motor symptoms.
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Table 1. Symptomatology of Parkinson’s disease

Type

Classification

Symptoms/Signs

Motor

Cardinal motor
features

Bradykinesia
Resting tremor
Rigidity

Postural instability

Other motor features

Gait disturbances (shuffling gait, turning “en bloc”)
Decreased arm-swing

Micrographia (smaller hand-writing)
Camptocormia (stooped posture)
Festination

Freezing of gait

Falling

Dystonia

Scoliosis

Hypomimia (masked face)
Hypophonia (soft speech)

Drooling

Dysphagia (impaired swallowing)
Dysarthria

Difficulty rolling in bed

Difficulty rising from a chair
Impaired motor coordination
Akathisia (unpleasant desire to move)
Restless legs

Reemergence of primitive reflexes
Glabellar reflex

Drug-induced motor
complications

Dyskinesia
Motor fluctuations (wearing-off)

Non-
motor

Pre-motor
(prodromal)
manifestations

Hyposmia (decreased sense of smelling)

Rapid eye movement sleep behavior disorder (RBD)
Constipation

Depression

Anxiety

Excessive daytime sleepiness

Fatigue

Pain

Erectile dysfunction

Early/middle stage
non-motor
manifestations

Mild cognitive impairment (MCI) (executive
dysfunction, slowed cognitive speed, memory
problems, problems in verbal fluency, difficulties in
visuospatial skills)

Color vision impairment and other neuro-
ophthalmological disorders (blurred vision, diplopia,
decreased eye convergence, etc.)

Hyposmia (decreased or loss of sense of smelling)
Impaired proprioception

Paresthesias

Depression

Anxiety

Apathy

Autonomic dysfunction [i.e. orthostatic hypotension
(OH), supine hypertension, sexual disorder, oily
skin, urinary incontinence, excessive sweating|
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= Constipation

= Sleep disorders (RBD, insomnia, daytime
somnolence)

* Impulse control disorders (ICD) (gambling, punding,
compulsive buying, sexual behavior, and/or eating)

Drug-induced non- = Hallucination

motor side-effects * Dopamine agonist withdrawal syndrome

» Parkinson's hyperpyrexia syndrome
(thermoregulatory failure, delirium)

= Pain

= Fatigue

= Depression

= Autonomic dysfunction [i.e. orthostatic hypotension
(OH), supine hypertension, sexual disorder, oily
skin, urinary incontinence, excessive sweating]

= Sleep disorders (RBD, insomnia, daytime sleepiness)

* Dementia

Late/advanced stage
non-motor
manifestations

Recently, duodopa extended-released gel has been approved for continuous intestinal
administration of levodopa. MAO-B inhibitors namely selegiline and rasagiline and
catechol o-methyltransferase (COMT) inhibitors such as entacapone are also helpful
through the inhibition of the breakdown of dopamine. Other treatment options include
anticholinergics, amantadine, and deep brain stimulation (DBS) as a surgical intervention in
eligible patients [22]. Management of NMS is also crucial due to their high prevalence,
huge burden and considerable effects on life quality in PD patients. There are several
treatment options to handle NMS that are decided individually with respect to the types and
severity of each NMS that a single patient might suffer from. Level I evidence is available
to treat NMS in PD only for few of them including paroxetine and venlafaxine for
depression [23], and modafinil for improving patients’ perception of wakefulness in
daytime somnolence [24]. Other pharmacological recommendations include sildenafil
citrate for erectile dysfunction, fludrocortisone for OH, cholinesterase inhibitors and
memantine for dementia, methylphenidate for fatigue, oxycodone with naloxone for pain,
clonazepam, melatonin and pramipexole for RBD, just to name a few [4]. Other than
medications, a multidisciplinary team support consisting of a movement disorder specialist,
geriatrician, specialist nurse, speech therapist, physiotherapist, occupational therapist and
neuropsychiatrist is needed to efficiently tackle with a multisystem and multiorgan disease
such as PD. In addition, appropriate timely palliative care is beneficial throughout the
whole PD course particularly during the advanced stage of the disease [25-26].

1.2 Epidemiology of parkinsonism and Parkinson’s disease

Findings from literature review on the prevalence of parkinsonism and PD are summarized
in Table 2, which clearly shows that the rates vary widely between different ethnic groups
and countries categorized according to the six World Health Organization (WHO) regions.

1.2.1 Prevalence of parkinsonism
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In one survey from the Aeolian Archipelago in Sicily, Italy, a prevalence rate of
323.4/100,000 has been found for all types of parkinsonism in individuals aged 40 years
and over [27]. In a record-based study conducted in north of Wales, United Kingdom,
prevalence of parkinsonism has been reported as 122/100,000 [28]. In another study on
Egyptian population aged >40 years, prevalence of parkinsonism was found to be
316.5/100,000 [29]. Other few reports resulted in a quite broad estimation for the
prevalence of parkinsonism ranging from 339.6/100,000 in Columbia [30] to 659.0/100,000
in Egypt [31] and even as high as 800/100,000 in Albania [32].

1.2.2 Prevalence and incidence of Parkinson’s disease

The incidence of PD rises steeply with age, from 17.4 in 100,000 person aged between 50
and 59 years to 93.1 in 100,000 person aged between 70 and 79 years, with a lifetime risk
of developing the disease of 1.5% [33]. The median age of onset is 60 years and the mean
duration of the disease from diagnosis to death is approximately 15 years [34]. Data on
prevalence of PD is quite diverse as shown in 7Table 2. The crude prevalence rate has been
estimated as low as 15 per 100,000 in China [35] to even as high as 850 per 100,000 in
Caucasians [36]. In general, PD prevalence and incidence has been found to be lower in
Afro-Americans, Japanese, and some other Asian countries [37]. In the Eastern
Mediterranean region, data on PD prevalence is available from Egypt, Tunisia, Jordan and
Saudi Arabia showing an estimated rate of 213.1/100,000 [29], 216.0/100,000 [38],
58.8/100,000 [39] and 27.0/100,000 [40], respectively.

1.2.3 Methodological issues

Besides ethnical and environmental factors that contribute in the variation of PD prevalence
across countries, methodological aspects of the surveys and data collections play an
important role. More specifically, one must consider sampling method, source of data
collection and standardization method that have been used on the crude prevalence rates for
between-countries comparisons of neuroepidemiologic data. While in developed countries
prevalence data could be easily obtained through electronic patients’ registries or drug
tracing through the pharmacies, community-based door-to-door surveys are the most valid
method of data collection in poor-resource developing countries. In a systematic review on
studies published during 1965-2008 in Asian countries, the standardized prevalence of PD
was shown to vary from 51.3 to 176.9/100,000 in community-based door-to-door surveys,
while in record-based studies from the same geographical region the rate has been
estimated to be generally lower ranging from 35.8 to 68.3/100,000 [41]. Population-based
surveys such as door-to-door studies tend to overestimate PD prevalence through the
ascertainment of undiagnosed cases some of which might be falsely screened, whereas
record-based reports represent only diagnosed patients and definitely underestimate the real
prevalence rates [42]. Yet, among population-based studies prevalence of PD is commonly
higher in European and Eastern Mediterranean regions compared to the African and Eastern
Asian countries (Table 2).
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Table 2. Prevalence rate of Parkinson disease and/or parkinsonism using different data-collection and standardization methods in different
countries from each of the six World Health Organization regions

Data Collection Standardization | Prevalence
q HO Resi o %
Country Continent WHO Region Condition Method Method (/100,000) ear
Alaska North America Region .Of the Parkinson's disease Record-Based Globa‘l 355.7 2009
Americas Standardized
Canada North America Ref;g:rifatshe Parkinson's disease Record-Based Local Standardized 144.0 2003
USA North America Ref;g:rifatshe Parkinson's disease Record-Based Local Standardized 107.0 1993
USA North America Region .Of the Parkinson's disease Record-Based Globa_l 81.0 1995
Americas Standardized
USA North America Ref;g:rifatshe Parkinson's disease Capture-recapture Local Standardized 3293 2000
. Central/South Region of the . o Population-Based Global
Argentina America Americas Parkinson’s disease (door-to-door) Standardized 174.3 1997
. Central/South Region of the . o Population-Based Global
Bolivia America Americas Parkinson's discase (door-to-door) Standardized 106.5 2003
. Central/South Region of the . o Population-Based Global
Brazil America Americas Parkinson's discase (door-to-door) Standardized 297.7 2006
Colombia Central/South Region .Of the Parkinson's disease Population-Based No Standardization 470.0 1997
America Americas (door-to-door)
Colombia Central/South Region .Of the Parkinsonism Capture-recapture No Standardization 339.6 2004
America Americas
Colombia Central/South Region .Of the Parkinson's disease Capture-recapture No Standardization 176.4 2004
America Americas
Cuba Central/South Region .Of the Parkinson's disease Population-Based Local Standardized 135.0 1997
America Americas (door-to-door)
Mexico Central/South Region .Of the Parkinson's disease - Local Standardized 170.0 2008
America Americas
Albania Europe European Region Parkinsonism Population-Based Local Standardized 800.0 2012
(door-to-door)
. . . Vg Global
Bulgaria Europe European Region Parkinson's disease Record-Based Standardized 141.1 2001
Denmark Europe European Region Parkinson's disease Record-Based Local Standardized 183.3 1997
England Europe European Region Parkinson's disease Record-Based Local Standardized 112.5 1961
England Europe European Region Parkinson's disease Population-Based Local Standardized 108.4 1982
(door-to-door)
England Europe European Region Parkinson's disease Record-Based Global 70.9 1985
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Standardized

Population-Based

England Europe European Region Parkinson's disease (door-to-door) Local Standardized 121.0 1992
. . s Global
England Europe European Region Parkinson's disease Record-Based Standardized 73.5 1995
. . s Global
England Europe European Region Parkinson's disease Record-Based Standardized 91.7 2000
England Europe European Region Parkinson's disease Record-Based Local Standardized 142.0 2010
. . . Vg Global
Estonia Europe European Region Parkinson's disease Record-Based Standardized 111.3 2002
France Europe European Region Parkinson's disease Population-Based Local Standardized 320.0 1987
(door-to-door)
. . g Population-Based Global
France Europe European Region Parkinson's disease (door-to-door) Standardized 101.0 1994
France Europe European Region Parkinson's disease Record-Based Local Standardized 121.0 1994
Germany Europe European Region Parkinson's disease Population-Based Local Standardized 183.0 1987
(door-to-door)
Germany Europe European Region Parkinson's disease Population-Based Local Standardized 713.0 1992
(door-to-door)
Ttal E E Regi Parkinson's di Record-Based Global 61.4 1980
aly urope uropean Region arkinson's disease eco se Standardized .
Italy Europe European Region Parkinson's disease Record-Based Local Standardized 152.3 1986
. . s Global
Italy Europe European Region Parkinson's disease Record-Based Standardized 100.4 1987
Ttal E E Regi Parkinson's di Record-Based Global 95.5 1991
aly urope uropean Region arkinson's disease eco se Standardized .
. . g Population-Based Global
Italy Europe European Region Parkinson's disease (door-to-door) Standardized 173.8 1992
Italy Europe European Region Parkinsonism Record-Based Local Standardized 156.3 2001
. . s Global
Italy Europe European Region Parkinson's disease Record-Based Standardized 89.7 2005
Italy Europe European Region Parkinsonism Population-Based Local Standardized 3234 2008
(door-to-door)
Italy Europe European Region Parkinson's disease Population-Based Local Standardized 215.6 2008
(door-to-door)
. . g Population-Based Global
Netherlands Europe European Region Parkinson's disease (door-to-door) Standardized 216.0 1995
Norway Europe European Region Parkinson's disease Population-Based Local Standardized 102.4 1995

(door-to-door)
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Portugal Europe European Region Parkinson's disease Record-Based Local Standardized 130.0 1992
Russia Europe European Region Parkinson's disease Record-Based Local Standardized 76.5 2009
Russia Europe European Region Parkinson's disease Population-Based Local Standardized 129.0 2011
(door-to-door)
. . s Global
Scotland Europe European Region Parkinson's disease Record-Based Standardized 91.4 1986
Spain Europe European Region Parkinson's disease Record-Based Local Standardized 161.5 1994
Spain Europe European Region Parkinson's disease Record-Based Local Standardized 220.6 1995
. . . Vg Global
Spain Europe European Region Parkinson's disease Record-Based Standardized 93.8 1999
. . . g Population-Based Global
Spain Europe European Region Parkinson's disease (door-to-door) Standardized 117.6 2003
. . s Global
Sweden Europe European Region Parkinson's disease Record-Based Standardized 76.0 1996
Ukraine Europe European Region Parkinson's disease Record-Based Local Standardized 61.4 2013
Eastern Population-Based
Egypt Middle East Mediterranean Parkinsonism p Local Standardized 316.5 2009
Region (door-to-door)
Eastern Population-Based
Egypt Middle East Mediterranean Parkinson's disease p Local Standardized 213.1 2010
Region (door-to-door)
Eastern Population-Based
Egypt Middle East Mediterranean Parkinson's disease p No Standardization 452.1 2012
Region (door-to-door)
Eastern Population-Based
Egypt Middle East Mediterranean Parkinsonism p No Standardization 659.0 2012
Region (door-to-door)
Eastern .
Iran Middle East Mediterranean Parkinsonism R Globa.l 284.9 2012
i (door-to-door) Standardized
Eastern Population-Based
Iran Middle East Mediterranean Parkinsonism pu Local Standardized 222.9 2012
i (door-to-door)
Eastern .
Iran Middle East Mediterranean Parkinson's disease R Globa.l 182.3 2012
i (door-to-door) Standardized
Eastern Population-Based
Iran Middle East Mediterranean Parkinson's disease p Local Standardized 142.7 2012
i (door-to-door)
Israel Middle East European Region Parkinson's disease Population-Based No Standardization 240.0 2002
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(door-to-door)

Israel
(Arab Middle East European Region Parkinson's disease I?S:Sr(_it_ggzre)d Local Standardized 43.2 2010
population) £
Eastern
Jordan Middle East Mediterranean Parkinson's disease Record-Based No Standardization 58.8 2009
Region
. Eastern .
Saud'l Middle East Mediterranean Parkinson's disease Population-Based Local Standardized 27.0 1993
Arabia . (door-to-door)
Region
Eastern .
Tunisia Middle East Mediterranean Parkinson's disease POpulatlfoliiii;d (door- Local Standardized 216.0
Region
Turkey Middle East European Region Parkinson's disease P(()(Ii)z)l(l)art-ltcc))lf(_i]cfzif d Local Standardized 202.0 2011
. . Western Pacific . o Population-Based Global
China Asia Region Parkinson's disease (door-to-door) Standardized 51.3 1985
. . Western Pacific . o Population-Based Global
China Asia Region Parkinson's disease (door-to-door) Standardized 16.7 1991
. . Western Pacific . o Population-Based Global
China Asia Region Parkinson's disease (door-to-door) Standardized 112.2 1996
. . Western Pacific . s Population-Based Global
China Asia Region Parkinson's disease (door-to-door) Standardized 109.3 2003
. . Western Pacific . o Population-Based Global
China Asia Region Parkinson's disease (door-to-door) Standardized 112.2 2005
. . Western Pacific . o Population-Based Global
China Asia Region Parkinson's disease (door-to-door) Standardized 176.9 2005
. . South-East Asia . g Population-Based Global
India Asia Region Parkinson's disease (door-to-door) Standardized 140.6 1993
India Asia South—Ee'lst Asia Parkinson's disease Population-Based Local Standardized 76.0 2004
Region (door-to-door)
Japan Asia Western'Pamﬁc Parkinson's disease Record-Based Globa_l 68.3 1983
Region Standardized
Japan Asia Western'Pamﬁc Parkinson's disease Record-Based Globa_l 57.9 1990
Region Standardized
Japan Asia Western'Pamﬁc Parkinson's disease Record-Based Globa_l 68.2 1996
Region Standardized
Japan Asia Western'Pamﬁc Parkinson's disease Record-Based Globa_l 61.4 1996
Region Standardized
Japan Asia Western'Pamﬁc Parkinson's disease Record-Based Globa_l 35.8 2002
Region Standardized
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Western Pacific

Population-Based

Korea Asia . Parkinson's disease No Standardization 374.0 2007
Region (door-to-door)
. . Western Pacific . o Population-Based Global
Singapore Asia Region Parkinson's disease (door-to-door) Standardized 61.9 2004
. . Western Pacific . o Population-Based Global
Taiwan Asia Region Parkinson's disease (door-to-door) Standardized 113.1 2001
Thailand Asia SOME;?ZLASRI Parkinson's disease Record-Based No Standardization 424.6 2011
Eastern
Libya Africa Mediterranean Parkinson's disease Record-Based Local Standardized 60.0 2007
Region
Nigeria Africa African Region Parkinson's disease Population-Based Local Standardized 10.0 1987
(door-to-door)
. . . . . s Population-Based Global
Tanzania Africa African Region Parkinson's disease (door-to-door) Standardized 40.0 2008
. . Western Pacific . g Population-Based Global
Australia Australia Region Parkinson's disease (door-to-door) Standardized 439.4 2005
Australia Australia Western'Pamﬁc Parkinson's disease Population-Based No Standardization 146.0 2006
Region (door-to-door)
Australia Australia Western'Pamﬁc Parkinson's disease Record-Based Globa_l 71.3 2007
Region Standardized
New . Western Pacific . o Global
Zealand Australia Region Parkinson's disease Record-Based Standardized 76.0 1992

Findings from the current PhD project are highlighted in grey.
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As it is shown in Table 2, different methods of standardization have been applied to adjust
crude data on PD prevalence including either a global reference (i.e. WHO, USA or Europe
standard reference populations), or national/regional references. Using a global hypothetical
standard population has made it possible to fairly compare prevalence rate of PD between
different countries with various national population pyramids with their own specific age and
sex distribution [42]. Among the globally standardized rates, the lowest and highest prevalence
of PD has been reported from China (16.7/100,000) [35] and Australia (439.4/100,000) [43],
respectively (Table 2). Throughout the studies that have reported only national standardized
rates, PD prevalence ranges from 10.0/100,000 in all age groups in Nigeria [44] to
713.0/100,000 among the population older than 65 years in Germany [45] (Table 2).

1.2.4 Importance and knowledge gap

Iran is the world's 17" most populous country with 78.4 million inhabitants [46], which is
aging rapidly. This demographic shift has caused tremendous concerns for the future healthcare
of Iranian population. According to the national census in Iran, the population aged 60 and
older constituted 6.6% of the whole population (71 million) in 2006, which accounts for more
than four million individuals [47]. Recently, the proportion of those with >60 yrs of age has
increased 1% from 2006 to 2011 [48-49] and is estimated to reach 10.5% in 2025 and as high
as 21.7% in 2050 [49-50]. This trend will lead to a rise in the incidence of neurodegenerative
diseases including PD in near future, which implies a major health problem with its
consequences to both healthcare system and society. There are a number of epidemiological
studies from different developed countries as listed in 7able 2 that provides useful knowledge
and important information concerning the epidemiological and clinical aspects of PD, but little
attention has been focused in Iran on the neuroepidemiology of PD. Moreover, data on the
prevalence rate of PD in other countries could not be cited in other societies due to different
ethnic groups and environments even from the neighboring countries. Therefore, it was
necessary to perform a neuroepidemiologic study in Iranian population to achieve relevant data

on PD prevalence.

1.3 Nutritional status in parkinsonian patients
1.3.1 Prevalence of malnutrition

As a general aspect of daily life, nutritional status plays a crucial role in everyday’s well-being
especially in patients suffering from a chronic condition such as PD [51-52]. Several symptoms
potentially affect nutrition in PD patients including difficulty swallowing and chewing,
drooling, dysphasia, motor problems in cutting and transporting the foods, constipation and
even psychological disorders such as depression, which are associated with reduced food
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intake and changes in dietary habits [53-56]. Dysphagia accompanies with difficulties in the
intake of both solid and liquid foods in up to 50-70% of PD patients [57]. All these symptoms
increase the risk of nutritional insufficiency in individuals with PD leading to a higher burden
of disease, lower quality of life (QoL) and consequently increasing morbidity and mortality
[55, 58]. One systematic review showed that the prevalence rate of malnutrition in PD varied
between 0% and 24% in different studies, while 3—60% of them were at risk of malnutrition
[59]. This wide range of estimations is largely attributed to different assessment methods
applied for nutritional status in PD population [55, 59]. Two studies have estimated that 20-
23% of PD patients are at risk of malnutrition based on validated instruments such as the Mini
Nutritional Assessment (MNA) [60-61]. Other investigations have mainly used anthropometric
measurements such as body mass index (BMI) and weight showing different results.

1.3.2 Risk factors of malnutrition

On one hand, different motor and non-motor conditions, pharmacological treatment and side-
effects can influence nutritional status in PD patients [62-63]. On the other hand, malnutrition
can also worsen the symptoms and different aspects of QoL such that improvement of
nutritional status has been recently shown to improve QoL in PD patients [64]. Table 3
summarizes the findings of investigations on the risk factors of nutritional insufficiency in PD
patients. Several outcome measures have been evaluated including different anthropometric
indices and various nutritional assessment tools in each of the previous studies. However,
severity of motor symptoms [65-69], motor complications [70], psychiatric disorders [60, 67,
69], disease duration [61], sex [66, 71] and age [66, 69], cognitive function [66-67], sleep
disorder [60], gastrointestinal symptoms [60, 72] and medication [68-69] have been found to
affect nutritional status in PD patients.

1.3.3 Importance and knowledge gap

Despite the hypothetical strong connection between PD and nutrition, prevalence of
malnutrition and investigation of its determinants have been usually ignored. Few studies have
estimated the magnitude of nutritional insufficiency in PD most of which have used weight,
BMI and other anthropometric measurements as the main indicator. Lack of a matched control
group from the same community as the patients is another methodological problem that affects
the validity of interpretations [59]. Furthermore, even fewer studies have focused on a broader
picture of nutritional status using validated instruments [i.e. MNA, Subjective Global
Assessment (SGA)] other than just anthropometric indices in PD patients. Even though a
couple of reports did use the MNA, still there is not enough evidence on the relationships
between different features of PD, consisting of both motor and non-motor, and nutritional
status as well as the counterfactual effects of malnutrition on QoL in PD patients.
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Table 3. Literature review on the list of determinant/risk factors for nutritional insufficiency in Parkinson’s disease patients

Sample | Disease Stage

Study Year Design Country Size (H& Y) Outcome Determinant Factors
. Weight, CC
Durrieu et al 1992 | Cross-sectional | France 65 24 Protein Female sex
[71] (mean) .
biomarkers
) Weight, BMI,
M‘”}‘;‘g ]e’ @1 1993 | Cross-sectional K?Iflgeo‘in 95 (mé’an) MAC, skin-fold Dyskinesia
g thicknesses
Beyer et al I;(())rrllizcilslgfll 2 Weight, BMI,
1995 . USA 51 . MAC, skin-fold H & Y stage
[65] with control (median) .
thicknesses
group
Longitudinal Weight, BMI, o "
. body fat mass, Rigidity, Tremor, cognitive
Lorefalt et al comparison ; )
2004 . Sweden 26 - resting energy function, female sex, age,
[66] with control : : L
expenditure, low physical activity
group ;
energy intake
I;grﬁlz?slgil (mea2n. L  the H & Y stage, emergence of
Ucetal [67] | 2006 mp USA 49 s Weight visual hallucinations,
with control middle of .
dementia
group study)
Barichella et al Longitudinal MNA score, . )
/61] 2008 comparison Italy 61 - weight, BMI Disease duration
Constipation, vomiting, loss
Wang et al 2010 | Cross-sectional China 117 2. MNA score of interest, 1nab111ty. to
[60] (median) concentrate, depression,
sleep quality, anxiety
Barichella et al 2 ggg’s};ft S};;/YE» Number of dysautonomia
168] 2013 | Cross-sectional Italy 208 (median) MAC, skin-fold symptoms, H & Y stage,
) levodopa dose
thicknesses
Sheard et al 2 SGA, weight, Loss of appetite,

[69, 72] 2013 | Cross-sectional | Australia 125 (median) BMI, MAC, WC | constipation, early satiety,
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problems in swallowing,
UPDRS-Part II, UPDRS-
Part III, weight-adjusted
daily levodopa dosage, age
at diagnosis, anxiety,
depression, living alone
Total UPDRS, disease

MNA score duration, female sex,
deiciciroied 2014 | Cross-sectional Iran 150 2. weight, BMI, VEHISITET ¢y
etal [73] (median) levodopa dosage, H & Y
MAC, CC, . :
stage, anxiety, depression,
fatigue

H & Y: Hoehn and Yahr stage; MNA: mini nutritional assessment; SGA: subjective global assessment; BMI: body mass index; CC: calf
circumference; MAC: mid-arm circumference; WC: waist circumference; MUST: malnutrition universal screening tool
Findings from the current PhD project are highlighted in grey.
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1.4 Quality of life in parkinsonian patients
1.4.1 Determinants and correlates

Health-related quality of life (HRQoL) is a major indicator for health outcome assessment in
PD researches [74]. As a valid multi-dimensional index, HRQoL refers to the health aspects of
daily life’s quality regarding physical health, emotional status and cognition [75]. With respect
to the multisystem and chronic progressive nature of PD, it is of utmost importance to
investigate the factors affecting HRQoL in people with PD. Patients with PD experience a wide
range of motor and non-motor symptoms, each of which potentially affects different aspects of
HRQoL including daily physical activity, as well as emotional and cognitive tasks. In spite of
the growing number of studies on HRQoL in PD patients from different countries, it remains
unclear which demographic and clinical factors are the key predictors of HRQoL [76]. While
more attentions were conventionally paid to the cardinal motor features of PD, there is rapid
increasing evidence showing the immense burden of NMSs on the lives of the people with PD
[4]. It has been demonstrated from some previous studies that NMSs have a larger impact on
patients’ HRQoL than motor symptoms [77-78]. Results from a recent systematic review
concluded that depression, disease severity and disability, motor features such as gait
impairments and complications of therapy were the major predictors of poor HRQoL in PD
patients [76].

1.4.2 Importance and knowledge gap

Knowledge on the determinants of HRQoL in PD assists clinicians to target their examinations
and treatment strategies in order to diminish the functional and emotional burden of PD [76].
Many studies have investigated the impact of different variables on HRQoL in PD patients
including disease severity, motor and non-motor symptoms, nutritional status, demographic
and socioeconomic characteristics [64, 73-74, 76, 79-83]. Thus far, a few of them have
included the broad range of parkinsonian features all together, assess the interactions between
different symptoms and the mediation pathways, and compare their independent role and
strength of their effect on HRQoL. On the other hand, patients with PD show significant
heterogeneity in their motor and non-motor features [84], which is a great obstacle in
generalisability of the pattern and determinants of HRQoL for PD patients with different
phenotypes.

1.5 Heterogeneity in Parkinson’s disease

It is now already known that no two PD patients are alike in clinical manifestations, response
to treatment, overall prognosis, and many other aspects of PD. This heterogeneity makes PD an
inappropriate disease to have a “one size fits all” caring approach [25, 85]. Diverse clinical
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phenotypes of PD patients have recently highlighted the concept of heterogeneity and the need
for identification of subtypes in PD. Defining different PD phenotypes and further clarification
of their differences is crucial for a better understanding of underlying disease mechanisms and
genetic features, prediction of disease course, and eventually perhaps more efficiently-designed
personalized management strategies [19].

1.5.1 Importance and knowledge gap

The National Institute of Health has recently delineated subtype-identification as one of the top
priorities in the field of PD clinical research [86]. While different research groups are now
working on definition of distinct PD phenotypes, there is also a dearth of information about the
heterogeneity in pattern and determinants of HRQoL between different PD subtypes.



19 | Neuroepidemiology of Parkinson’s disease in Iran

2 AIMS
2.1 General aims

Regarding the previously mentioned knowledge gap, the general goal of this project was to
investigate neuroepidemiologic features of PD in Iran, focusing on screening and prevalence of
parkinsonism, nutritional status, clinical and psychiatric features and quality of life. For this
purpose, we also needed to validate several questionnaires and make a new screening

instrument.

2.2 Specific aims

Study I: This study had two objectives as follows:

o to assess the validity and reliability of the Persian version of the short-form
8-item Parkinson’s Disease Questionnaire (PDQ-8)

o to compare psychometric properties of the short- versus long-form versions
of the PDQ to evaluate HRQoL in PD patients

Study II' This study had two objectives as follows:

o to devise and validate a sensitive and specific screening questionnaire for
parkinsonism based on different symptoms of PD

o to compare diagnostic value of our newly composed questionnaire with the

previously developed screening instruments for parkinsonism

* Study III: to estimate the prevalence rate of probable parkinsonism in the huge

urban area of Tehran, Iran following a community-based door-to-door survey

e Study IV: to estimate the prevalence of individuals with malnutrition or at risk of
malnutrition in a community of Iranian PD patients and compare it with a matched

control group using anthropometric measurements and MNA

*  Study V: This study had two objectives as follows:

o to investigate the association between motor, psychiatric and fatigue
features with nutritional status in PD patients using anthropometric

measurements and MNA
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o to evaluate the effects of nutritional insufficiency on different domains of
HRQoL in people with PD

Study VI: This study had four objectives as follows:
o to identify the factors that affect HRQoL in Iranian PD patients
o to compare the independence and strength of their effects on HRQoL

o to investigate the general pattern of HRQoL with the best hypothesized
structural model

o to explore the structural heterogeneity in the optimum model for HRQoL
between different PD phenotypes
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3 METHODS

In the whole PhD project, data were collected through several settings as described here:
3.1 Movement Disorder Clinic
3.1.1 Setting and study population

In study I, study 11, study IV, study V and study VI, the entire or at least part of the data were
collected from a referral Movement Disorders Clinic in Tehran, Iran. In this cross-sectional
project a total number of 157 Iranian patients with IPD were consecutively recruited from this
outpatient clinic during October 2011 and December 2012.

3.1.2 Eligibility

In study I, study 1V, study V and study VI, patients were eligible for recruitment if they fulfilled

the following inclusion criteria at the time of initial assessment:
* Diagnosis of IPD based on the United Kingdom Brain Bank criteria [2]
*  Age >30yrs

Patients with any of the following characteristics were all excluded from the above-mentioned
studies:

¢ Cognitively unable to answer valid responses or moderate to severe dementia [mini-
mental state examination (MMSE)<24] [87]

e Other types of parkinsonism such as multiple system atrophy (MSA), progressive
supranuclear palsy (PSP), corticobasal degeneration (CBD) and vascular or drug-

induced Parkinsonism
* Dystonia
e Essential tremor

In study II, patients with atypical parkinsonism (n=10), dystonia (n=14) or essential tremor
(n=7) were also enrolled in the study to compare the diagnostic value of screening
questionnaires for different discriminative purposes as described [88]. Of note, the same
neurologist specialized in movement disorders evaluated all participants for eligibility.

In study IV and in addition to the above-mentioned criteria, patients with other chronic
comorbidities influencing nutritional state such as hypertension and diabetes mellitus and those
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who were following special diets were also excluded since the main aim of this sub-study was
to compare nutritional status between PD patients and healthy controls [55].

3.1.3 Subgroups

In study VI, IPD patients were divided into several subgroups regarding their onset-age,

progression rate and dominant symptom as follows:

* Onset-age: younger-onset (n=50, diagnostic age <50 yrs) versus older-onset (n=106,
diagnostic age >50 yrs)

* Progression: slow (n=95) versus rapid (n=40) based on the clustering solution
recommended by Gasparoli et al [89]

*  Dominant symptom: tremor (n=76) versus non-tremor (n=75) based on the median

value of the tremor motor score
3.1.4 Data collection

In the outpatient clinic, data collection was performed through face-to-face interviews with
eligible patients and if necessary their caregivers by a trained group of medical interns and
general physicians to fill in validated questionnaires and scales. As for diagnosis, all clinical
examinations were done by the same movement disorders specialist for all patients. Medical
records and documents were also used to collect some baseline information. All assessments

were performed when the patients were in the “on” status.
3.1.5 Variables
In this phase of our project, the following variables and characteristics were recorded:
* Demographic and baseline data:
o age
o sex
o educational status
o co-morbidities (type and total number)
o duration of PD (time passed from diagnosis)
o history of levodopa administration

* Motor severity:
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O

O

Unified Parkinson's Disease Rating Scale (UPDRS) subscales -1V, 1987
version [90]

Hoehn and Yahr (H & Y) staging
Schwab and England activities of daily living (ADL)

motor impairment score [91]: score “4” as sum of UPDRS-Part III items on
facial expression, tremor, rigidity, and bradykinesia (considered relatively
dopamine-responsive) and score “B” as sum of UPDRS-Part III items
concerning speech and axial impairment (considered relatively levodopa

non-responsive)
dyskinesia score: sum of UPDRS-Part IV items 32-34

fluctuation score: sum of UPDRS-Part [V items 36-39

*  Motor subtypes:

O

O

postural-instability-gait-difficulty (PIGD) score [92]: sum of UPDRS-Part
IIT items concerning rise, gait, and postural instability

FOSS score [92]: sum of UPDRS-Part II items on freezing, speech and
swallowing

predominance of core manifestations: proportion of UPDRS-Part III “‘on”’
motor scores accounted for tremor (items 20-21), rigidity (item 22),
bradykinesia (items 23-26 and 31), and gait (items 27-30) in percentage

asymmetry Index [93]: absolute differences in UPDRS between sides
divided by the total UPDRS III (0 = “perfect symmetry”, 1 = “absolute
asymmetry”)

axial/limb ratio: sum of UPDRS-Part III items 18, 19, 22 and 27-30 divided
by sum of UPDRS-Part III items 20-26

presence of falls and freezing

e Non-motor manifestations:

O

O

depression: evaluated by Hospital anxiety and depression scale (HADS)
[94]

anxiety: evaluated by HADS [94]
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o hallucinations/Illusions: evaluated using UPDRS-Part I, item 2
o apathy: evaluated using UPDRS-Part I, item 4
o fatigue: by means of the Fatigue Severity Scale (FSS) [95]

o psychosocial functioning: evaluated by the scales for outcomes in
Parkinson's disease-psychosocial questionnaire (SCOPA-PS) [96]

* Nutritional status: using the Mini Nutritional Assessment (MNA) [97]
* Anthropometric measurements:

o weight

o height

o body mass index (BMI)

o mid arm circumference

o calf circumference

e Health-related quality of life (HRQoL): evaluated by the Parkinson’s disease
questionnaire (PDQ) [98]

3.2 Control groups

For two studies, control groups were enrolled to answer the underlying research questions. In
study II, 110 healthy individuals without any history of neurological diseases who aged >40 yrs
were recruited at the same period of time as for the cases. They were selected from an
outpatient ophthalmology clinic and three senior medical students performed a complete
neurological examination to confirm not having any symptomatic neurological deficit. After
enrollment, the same baseline checklist and screening questionnaires were filled through face-
to-face interviews. In study II, the patients and controls were frequently matched by sex
distribution and mean age [88].

In study IV, another control group was selected consisting of 145 sex- and age-matched healthy
individuals. For this purpose, the controls were randomly recruited from the medical staff and
the patients’ relatives in Sina and Imam Khomeini hospitals in Tehran, Iran during the same
period as for the cases in this sub-study (January 2012-September 2012). Regarding the main
objective of study IV, the controls were selected from the same geographical region as the IPD
patients in order to avoid the effect of cultural differences on nutritional habits. The similar
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eligibility criteria were applied for the controls as for the case group except the patients
exhibited PD symptoms. Therefore, similar to the case group, those participants under the age
of 35 yrs, suffering from chronic conditions affecting their nutritional habits such as
hypertension and diabetes, and those following special diets were excluded from the control

group, too [55].

3.3 Community-based door-to-door study
3.3.1 Setting and study population

Data was collected from a different setting in study III. This community-based door-to-door
study was performed in Tehran urban area, Iran during October 2011 and January 2012 as the
prevalence date point. As the capital city of Iran, Tehran is the largest urban area in West Asia
with a population of >8,300,000 inhabitants surpassing 14,000,000 in the wider metropolitan
region [46] with 22 urban districts with heterogeneous population density according to the
latest estimations (Figure 2). This study targeted adult population of Tehran urban area who
aged >30 yrs at the time of assessment.

Figure 2. Population density map of Tehran urban area in 22 districts (from: Atlas
of Tehran Metropolis)

3.3.2 Sampling method
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As shown in Figure 2, Tehran urban area has 22 hierarchical districts regarding not only
population density but also socioeconomic status. Therefore, it was crucial to perform
sampling in a way to cover all regions with a representative selected population. For This
reason, we used a probability multistage sampling method covering all 22 urban districts of
Tehran in study I11. Each district was considered as one sampling stratum where each of them
consisted of several blocks and households as the clusters. Throughout Tehran area, there is a
network of “Health Centers” consisting of 374 subunits covering all districts, which are
organized by the health deputy of Tehran municipality. Each of the “Health Centers” is
responsible for a determined number of residing blocks and households that are coded by
unique numbers. Following stratification, we used cluster sampling to randomly select the
needed number of households within the coverage zone of each “Health Centre” to fulfill the
calculated proportional sample size for each subunit in every district. This procedure was
performed for each district and subunit resulting in representative selected households.

3.3.3 Data collection

In study 111, data collection was performed through face-to-face interviews with the inhabitants
of selected households. In September 2011, a one-day workshop was held to train the
surveyors who were mostly healthcare workers employed by the "Health Centers" of each
district. Each of the surveyors was responsible for a determined number of households within
their affiliated subunit and district. All members of each selected household were asked to
participate in the survey if they aged >30 yrs and agreed to contribute after necessary
information about the survey and study aims was given. After agreement, study checklist was
filled through face-to-face interview by the surveyor, which consisted of three main sections
including demographic information (i.e. age, sex, educational level, marriage and working
status), comorbidity profile and screening questions. In study III, we used the screening
questionnaire for parkinsonism validated in study II [88]. In overall 20,621 individuals
answered study checklist including baseline variables and screening questionnaire.
Nevertheless, information from 19,500 persons were entered in the final analysis regarding
missing values and data cleaning, which showed 94.6% rate of valid participation.

3.4 Instruments, questionnaires and measurements
3.4.1 Screening questionnaire

To make the new screening tool in study II, we evaluated all of the symptoms previously
included in questionnaires for screening of PD. Following thorough literature review, the
questions that require no physical examination and were the best representative for each PD
symptom were selected. This comprehensive list was actually constructed by combining the
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items from previously validated questionnaires used for screening of PD including the
screening instrument of the Sicilian neuro-epidemiology study (SNES) [99], the Baylor Health
Screening Questionnaire (BHSQ) [100], telephone questionnaire for Parkinson’s disease [101],
original and modified WHO screening instruments to measure the prevalence of neurological
disability in resource-poor settings [102-103] and the questionnaires either developed or
modified by Tanner [104], Daurate [105], Chan [106], Setthawatcharawanich [107] and
Sevillano [108]. A bilingual person translated all of these questions into Persian language and
wording was trans-culturally approved by the experts for face validity. Of note, some general
questions on non-PD specific neurologic symptoms from the SNES questionnaire [99] were
kept in the merged instrument to check the validity of the answers from the patients. The new
comprehensive preliminary questionnaire consisted of 25 unique items (7able 9) on different
neurological symptoms. Appendix 1 shows all questions that were used in this screening
instrument and the ones that were finally selected. In order to prevent information bias,
surveyors thoroughly explained technical terms and symptoms for all subjects including those
controls who might not be familiar with the symptoms and/or have lower level of education.

3.4.2 Fatigue severity scale (FSS)

The FSS is an easy-administered tool to evaluate fatigue in a variety of medical and neurologic
disorders. The scale assesses relationship between fatigue intensity and functional disability. It
consists of nine questions with a seven-point Likert scale from 1 to 7, stating “strong
disagreement” to “strong agreement”. Each patient is asked to rate the level of fatigue during
the previous week and a total average score ranging from 0 to 7 where higher scores
correspond to more severe fatigue is calculated for each patient [95]. The FSS was previously
translated into Persian language and has been found to be valid and reliable in patients with
multiple sclerosis [109]. During the validation phase of this project, we evaluated psychometric
properties of the Persian-translated version of the FSS in Iranian patients with IPD [110].

3.4.3 Hospital anxiety and depression scale (HADS)

The HADS is a self-assessment screening tool that was designed to determine levels of anxiety
and depression in a non-psychiatric population attending medical clinics. It has 14 questions in
two sections: seven questions are related to depression and the other seven focus on anxiety.
Each question is scored from 0-3, where 0 = “not at all’, and 3 = “very often indeed”,
therefore, each section is worth 0-21 points by adding up the answers for all items that
provides separate scores for either depression or anxiety where in both sub-scales, a higher
score shows more severe condition [94]. The Persian-version of the HADS questionnaire has
been previously shown to have a Cronbach’s alpha coefficient of 0.78 for anxiety and 0.86 for
depression [111].
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3.4.4 Scales for outcomes in Parkinson's disease-psychosocial questionnaire
(SCOPA-PS)

The SCOPA-PS questionnaire is a self-administered 11-item scale assessing severity of
psychosocial functioning during the last month. Items are scored with a four-point Likert scale
ranging from 0 = “not at all” to 3 = “very much”. By adding up the scores of the individual
items, the sum score is calculated, which is then transformed into percentage values. This
summary index ranges from 0 to 100% such that the higher scores indicate worse psychosocial
functioning [96]. During the validation phase of our project, three native Persian speakers
fluent in English translated the SCOPA-PS into Persian. Later on an English-native fluent in
Persian who had neither access to the original version of the questionnaire nor involved in the
study back translated the SCOPA-PS into English. Wording modifications were performed
following the comparison of the back-translated versus the original version of the SCOPA-PS.
Finally, the confirmed joint version was named “SCOPA-PS, Persian version” and its
psychometric properties were examined prior to be applied in the main sub-studies [112].

3.4.5 Anthropometric measurements

Anthropometric measurements consisting of mid arm circumference (MAC), calf
circumference (CC), weight and height were performed by trained medical staff for all
participants in study IV, study V and study VI. Calibrated floor scales were used to measure
body weight between 3 p.m. and 5 p.m. while the subjects wore light clothing with no shoes or
coats. For all patients, standing height was measured by means of a stadiometer at the head
level, with the subject’s bare feet close together, standing erect and looking straight ahead. No
height adjustment was needed since there was no case of considerable stooped posture. Body
mass index was calculated as body weight (kg) divided by the square of height (m”). For MAC
measurement, the mid-point between the acromial surface of scapula and the olecranon process
of elbow was marked by the examiner on the back of the arm, while the subjects were holding
their forearm in a horizontal position with their palm up. Afterwards, a flexible inextensible
tape was circled around the maximum girth of the proximal part of forearm to record MAC
while the subject’s arm was hanging down freely along their trunk at their sides. In order to
gauge CC, a flexible tape was circled around the maximal circumference between the ankle
and the knee in standing position [50].

3.4.6 Mini-nutritional assessment (MNA)

As a combined screening and assessment tool, MNA is a rapid instrument to identify risk of
malnutrition. The questionnaire is composed of 18 brief items divided into two sections: 6
screening questions in section I (14 points) and 12 assessment questions in section II (16
points). The items include BMI, weight loss, MAC, CC, appetite, medication, general and
cognitive health, dietary matters, autonomy of feeding, self-perception of health and nutrition
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and subjective judgment of malnutrition. Total score of the MNA ranges between 0 and 30
where a score of <17 indicated “malnutrition”, scores of 17-23.5 points signified cases of
being “at risk for malnutrition”, and the scores >24 points indicates “normal nutritional status”
[97]. In our project, we have used the Persian-translated version of MNA provided by Nestlé
Nutrition Institute. Validity and reliability of this tool was checked during the validation phase
of our project [113].

3.4.7 Parkinson’s disease questionnaire (PDQ)

The PDQ is the most common disease-specific measure to assess health-related quality of life
(HRQoL) in PD patients. In the long format of the questionnaire (PDQ-39), 39 items assess
eight aspects of HRQoL in PD consisting of: mobility (10 questions), activities of daily living
(ADL) (6 questions), emotional well-being (6 questions), stigma (4 questions), social support
(3 questions), cognitions (4 questions), communication (3 questions) and bodily discomfort (3
questions). The questions are coded in a Likert-scale from 0 to 4, where 0 = “never”, 1 =
“occasionally”, 2 = “sometimes”, 3 = “often” and 4 = “always”. A score ranging from 0 to
100% is calculated for each domain. The average score of all domains provides a single figure
from 0 to 100%, called PD summary index (PDSI) in which zero indicates the best level of
HRQoL and 100% represents the worst condition [98]. The short version of the PDQ (PDQ-8)
has only eight questions consisting of one single item representing each of the HRQoL
domains. In this project, we used the Persian-translated version of the PDQ-39 questionnaire,
which has been previously demonstrated to have high reliability with a Cronbach’s alpha
coefficient of 0.93 for the total questionnaire [114]. Moreover, we extensively assessed
psychometric properties of the Persian version of the PDQ-8 in study I [115].

3.4.8 Unified Parkinson's disease rating scale (UPDRS)

The UPDRS is an efficient tool, which is most commonly used in clinical studies of PD [116].
The scale covers different aspects of the disease such as NMS (part I), ADL (part II), motor
examination (part III) and treatment complications (part IV). In our project, we have used all
the subscales I — IV, 1987 version consisting of 42 items with a maximum score of 147 that
indicates worst disability [90, 117]. Two other scales have been supplanted by the UPDRS
namely Hoehn and Yahr Stage and Schwab and England ADL, both of which have been used
in our project. The Hoehn and Yahr stage is a widely accepted staging system to describe
progression of PD symptoms, which assesses daily activity limitations and the disease severity
based on clinical findings and functional disability. It is expressed as a number on a scale of 0
through 5, where a higher stage represents greater levels of functional disability. In stage 0
there are no visible symptoms of PD, and in stage 5 symptoms are present on both sides of the
body, indicating patients who are not able to walk [118]. The Schwab and England ADL is a
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scale that estimates the ability to perform daily activities in terms of speed and independence in
PD patients. A completely independent individual gets 100% score and a complete dependent
individual, as seen in bed-ridden patients, gets a score of 0%. Therefore as the score increases,
the level of independence is higher indicating a lower level of disability [119]. Table 4
summarizes the main characteristics of the scales and questionnaires that have been used in our

project.

Table 4. Number of items, domains, range and direction of the scores for the scales and
questionnaires used in this project

Range : :
Questionnaire/Scale Number Domains/Sections of L LCEIT0T
of Items Score
Score
Part I (Mentation) (4 items)
Unified Parkinson's Part IT (ADL) (13 l.tem.s ) . _
s . Part III (Motor examination) Higher score =
Disease Rating Scale 42 . 0-147 . i
(UPDRS) (14 items) Higher severity
Part IV (Complications)
(11 items)
Hospital Anx1ety and Depression (7 items) Higher score~
Depression Score 14 Anxiety (7 items) 0-21 More severe
(HADS) Y depression/anxiety
. . Higher score~
Fatigue Severity 9 Fatigue 0-7 More severe
Scale (FSS) fai
atigue
Scales for Outcomes
in Parkinson's Higher score~
Disease- 11| Psychosocial functioning | 0-100% Worse
psychosocial psychosocial
Questionnaire functioning
(SCOPA-PS)
Mini Nutritional Screening (6 items) Lower score~
Assessment 18 Assessme r%t (12 items) 0-30 Worse nutritional
(MNA) status
Mobility (10 items)
ADL (6 items)
Parkinson’s Disease Emotional well-being . _
Questionnaire-39 _ (6items) Higher score=
tems 39 Stigma (4 items) 0-100% | Poorer quality of
(PDQ-39) Social support (3 items) life
Cognitions (4 items)
Communication (3 items)
Bodily discomfort (3 items)
Parkinson’s Disease Higher score~
QuesF10nna1re-8 2 Health-related quality of life 0-100% | Poorer quality of
1tems (HRQoL) life
(PDQ-8)

ADL: activities of daily living
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3.5 Statistical methods
3.5.1 Sample size calculations

Regarding the prevalence rate of 257/100,000 for PD patients that was estimated in a door-to-
door survey in Caucasians[120], and the effect size of 7/100,000 with the assumption of 0.05
for type I (o) error in the estimation, total needed sample size was calculated as 16,000
individuals for study III, using the following formula (where P represents the estimated
prevalence rate and d shows the effect size of the estimation):

) 7., xP(1-P)
d2

3.5.2 Description

Data were described and analyzed using IBM SPSS Statistics for Windows, version 22.0
(Armonk, NY: IBM Corp.). For description of categorical variables frequency percentage was
used. For continuous variables, mean and standard deviation (SD) were reported if the
normality of distribution was shown by the Kolmogorov-Smirnov test. Otherwise, median and
interquartile range (IQR) was used to describe skewed numeric variables. In validation studies,
minimum, maximum and coefficient of variation (CV) were also reported for each of the items
of the assessed questionnaires. In order to guarantee the acceptability of a scale, floor and
ceiling effects were calculated, which were considered acceptable if less than 15% [121].

3.5.3 Standardized prevalence rates

To calculate the 95% confidence intervals (Cls) for prevalence rates of parkinsonism in study
111, standard error (SE) of estimation was calculated using following formula (“P” is the point
prevalence rate and “N” is the total sample size):

o [P(1-P)
N

Data on the age and sex distribution of the entire Tehran population based on the latest
accessible national census [46] was used to adjust crude prevalence rates. Furthermore, we
used “WHO Standard Population™ as a unique standard age- and sex-specific distribution of a
hypothetical population [122] to readjust the prevalence rates with an international reference to
be able to compare the prevalence rates of our study with other countries.

3.5.4 Reliability and validity
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In validation studies, reliability and internal consistency of the questionnaires were examined
using Spearman correlation test where the mean score of each item was correlated with the
total score of each scale. Furthermore, Cronbach’s alpha intraclass coefficient and its 95%
confidence interval (CI) were also calculated for the entire questionnaire, within each domain
if applicable and different subgroups of PD patients regarding age-group, sex, level of
education and disease severity. Criterion validity of each scale was also assessed by means of
Spearman correlation coefficient between the total score of the questionnaires and the baseline
characteristics as well as PD-related variables.

3.5.5 Factor analysis

In study I, the unidimensionality of the PDQ-8 questionnaire was checked by confirmatory
principal factor analysis. An Eigen value of greater than 1 was considered as the best-fitted
structure for the scale (Kaiser rule), however, the tendency to overextract the number of factors
was also taken into account [123]. The Cattell scree plot was also drawn where the components
were shown as the X-axis and the corresponding Eigen values as the Y-axis (Figure 3).

3.5.6 Diagnostic values

In study 11, sensitivity and specificity were calculated based on the numbers of true positive,
true negative, false positive and false negative answers for each single item of the screening
instrument and the entire scale as well. Youden’s index (ranges between 0-1) was calculated
as: (sensitivity + specificity)-1 [124], where a higher score indicated better diagnostic value.
We applied the concept of clinical utility index (CUI) in order to select the optimal items for
development of the new screening tool in study II. The corresponding CUI for each single
screening item was calculated wusing an Excel calculator (http:/www.psycho-
oncology.info/cui.html). According to Mitchell et al [125], positive CUI is defined as:
sensitivity x positive predictive value (PPV), which represents the ability of the scale for ruling
in the patients (case-finding). Negative CUI is calculated as: specificity *x negative predictive
value (NPV), which shows how well the instrument or item is for ruling out the patients
(screening). Both positive and negative CUIs range between 0 to 1 and a value of >0.81, >0.64,
>0.49, <0.49 and <0.36 shows excellent, good, fair, poor and very poor utility, respectively
[126]. In study II, the items with at least good negative utility (CUI>0.64) for screening of the
parkinsonism from healthy condition were included in the new screening tool.

3.5.7 Receiver operating characteristics (ROC) curve analysis

In order to evaluate the discriminant ability of different screening questionnaires, ROC analysis
was performed in study II to calculate the area under curve (AUC) and its 95% CI for each
scale and compare their diagnostic accuracy to screen patients with parkinsonism. The optimal
cut-off value of each screening scale was determined based on the CUI and Youden’s index of
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the recommended points through ROC analysis. In addition, we also implied ROC analysis in
study I to compare the value of the total PDQ-8 and PDQ-39 scores to differentiate several PD-
related conditions. Based on the median values in this study, UPDRS (total, part I and part III)
scores, Hoehn & Yahr scale and Schwab & England ADL score were dichotomized into
dummy variables as the predicted conditions in each of the ROC analysis. Then, comparisons
were performed regarding the AUC of PDQ-8 and PDQ-39 scores and their corresponding
95% CI.

3.5.8 Univariate analyses

Chi square and Fisher’s exact tests were used to compare relative frequency of categorical
variables between study subgroups wherever appropriate. For between-group comparisons of
continuous variables, independent samples ¢ test was applied if the assumption of normal
distribution was met. In case of skewed variables, the non-parametric Mann-Whitney u test
was used. In all analytical procedures, a two-sided p-value <0.05 was considered as the
statistical threshold to reject the beyond null hypothesis. Univariate associations between
continuous variables were assessed using either Spearman or Pearson correlation tests.

3.5.9 Multivariate analysis

Multivariate linear and/or binary logistic regression models were performed for numeric or
categorical outcome variables/conditions, respectively. For this purpose, significant univariate
demographic variables were used for statistical adjustments, and the best representative
variables from motor severity, motor subtypes and non-motor assessments were used as the
main independent predictors/determinants. In all regression procedures, either beta coefficient
or odds’ ratio (OR) and their 95% CI were reported to present the strength of each association.
We avoided including correlated indicators of one single entity. Tolerance index representing
the proportion of variance for each independent variable that are not explained by other
independent variables in the model, were calculated and were considered acceptable if >0.4.
Conventionally, the variance inflation factor (VIF) (1/tolerance) was also reported and aimed
to be <2.5 to prevent collinearity in the models. If the collinearity occurred, the variable with
higher tolerance and larger standardized coefficient was kept and the other collinear variable
was deleted from the regression model. In study IV, the two-way analysis of variance
(ANOVA) was performed to adjust for the probable confounding effect of level of education

on the main between-group comparisons.
3.5.10 Missing data imputation

Prior to perform structural equation modeling and cluster analyses and in order to avoid case-
wise deletion and decreased statistical power, missing values of the database used for study VI
were imputed. Only variables with at least 70% valid data and classified as “missing at
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random” according to our judgment were eligible for imputation. Multiple imputation was
carried out using independent regression equations where five different values were predicted
for each single missing data. This methodology has been shown to have less biased parameter
estimates than removing patients with missing values or other imputation methods such as the
mean replacement [127]. As a result, a total of 95 single missing values were imputed
accounting for 0.25% of the whole datasheet.

3.5.11 Cluster analysis

Two-step cluster analysis was applied to implement the clustering solution recommended by
Gasparoli et al [89]. This clustering solution is based on current UPDRS-part II and part-III
scores, dyskinesia and motor fluctuations to divide PD patients into two clinical phenotypes

namely “slow-progression” and “rapid-progression”, which we used in study V1.
3.5.12 Structural equation modeling (SEM)

This statistical method was applied in study VI to create a structural model for HRQoL in PD
using the AMOS 22.0 module of the SPSS software version 22.0 (IBM., Chicago, IL, USA).
Appropriate observed variables were firstly included in the SEM based on a hypothetical
model and literature review. Three latent variables were placed in the SEM representing global
motor, non-motor and HRQoL components. Afterwards, observed variables with non-
significant estimates in the regression table were excluded. In the next step, recommended
modifications to improve the structural model were added resulting in at least 20-unit decrease
in the Chi square value of the whole model. In borderline cases when the difference between
two models (with vs. without a specific modification) was small, the model with lower
Bayesian information criterion (BIC) was selected. From each finalized SEM, the standardized
regression weight (SRW) for each included component was reported. Fitness of each SEM was
assessed using the absolute fit indices consisting of Normed Fit Index (NFI), Comparative Fit
Index (CFI), Tucker-Lewis Index (TLI) and Root Mean Square Error of Approximation
(RMSEA). An NFI, CFI and TLI value between 0.06 and 0.08 and RMSEA <0.08 indicate an
acceptable model fit [128].

3.6 Ethical considerations

The study protocol for the whole PhD project was approved by the ethics committee of the
neurology department at Firoozgar Clinical Research Development Center (FCRDC)
(affiliated to Iran University of Medical Sciences) in Tehran, Iran. The application was
accepted and issued with the number MT/140 on 25 June 2011. All procedures in research
studies of this project were conducted in accordance with the ethical standards of the latest

version of the Helsinki Declaration. Each participant was informed about the aims and
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objectives of each study before participation and the completion of the questionnaire was
voluntary in all studies. Furthermore, the identity of research participants was protected, since
the data files were anonymous and all names were omitted. The FCRDC ethical committee was
responsible for confirming that all collected data was kept confidential and no third-party had
access to the collected personal health data.
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4 RESULTS

4.1 Demography and baseline characteristics
4.1.1 Parkinson’s disease patients

All demography, baseline, clinical and assessment characteristics of 157 IPD patients recruited
from the Movement Disorders Clinic are summarized in Table 5. At the time of enrollments,
the average age of participants was 61.4 (SD=11.2) yrs and 49 (31.2%) patients were female.
In study I, study I, study 1V, study V and study VI, either in part or entirely, we have used data
from this population, which were mainly in the mild to moderate stages of PD with a mean
UPDRS score of 32.2 (SD=18.1) and mean disease duration of 6.8 (SD=5.2) yrs.

Table 5. Demography, baseline, clinical and assessment characteristics of the Parkinson’s
disease patients from the Movement Disorders Clinic (n=157)

Characteristics \ Value
> Demography and General Information
Age-year (mean + SD)
Current 61.4+11.2
At disease onset 547+11.9
Gender NO (%)
Female 49 (31.2)
Male 108 (68.8)
Level of Education NO (%)
Illiterate 17 (11.0)
Primary and/ or secondary 37 (23.9)
High school/diploma 43 (27.7)
College and/ or university 58 (37.4)
Comorbidities NO (%)
Hypertension 28 (18.1)
Ischemic heart disease 24 (15.7)
Osteoarthritis 19 (12.4)
Diabetes 20 (13.1)
Stroke/Transient ischemic attack 1(0.7)
Chronic obstructive pulmonary disease 1(0.7)
Total score (mean + SD) 0.6+1.0
Duration of Parkinson’s Disease-year (mean + SD) 6.8+5.2
Levodopa Dose-mg (mean + SD)
Cumulative daily dose 864.7 +£447.8
Weight-adjusted daily dose 126 +£7.2
> Assessments
UPDRS Score (mean + SD)
Part I- Mental 21+24
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Part I1I- ADL 11.7+7.4
Part III- Motor 155+9.2
Part IV- Complications 34+28
Dyskinesia 09+1.7
Fluctuations 1.7£1.3
Total score 32.2+18.1
Hoehn and Yahr Stage median (IQR) 2(1.5)
Schwab and England Activities of Daily Living Score-(%) 0.5+ 18.0
(mean £+ SD) ) '
Anxiety Score (HADS) (mean + SD) 6.8 £5.1
Depression Score (HADS) (mean + SD) 5.1+44
Fatigue Score (FSS) (mean + SD) 45+1.9
Nutritional Status (MNA) (mean + SD)
Screening score 12.7+£2.0
Assessment score 126+ 1.9
Total score 252+33
Psychosocial Functioning Score (SCOPA-PS)-(%) 2594223
(mean = SD)
Quality of Life (PDQ-39) (mean + SD)
Dimension I-Mobility 28.2+264
Dimension II-Activity of daily living (ADL) 26.4+£25.6
Dimension III-Emotional well-being 28.4+23.6
Dimension I'V-Stigma 21.9+252
Dimension V-Social support 11.5+20.3
Dimension VI-Cognitions 17.9 +20.1
Dimension VII-Communication 15.1+19.5
Dimension VIII-Bodily Discomfort 22.1+23.0
Parkinson’s disease summary index (PDSI) 210+ 15.4

(mean = SD)

SD: standard deviation; IQR: interquartile range

4.1.2 Community-based population

In study III, 12,907 (66.2%) women and 6,593 (33.8%) men with the mean age of 56.5
(SD=10.2) yrs ranging between 30 and 95 yrs participated in the community-based door-to-
door survey. Majority of the study population (81.8%, n=15,147) were married and less than a
quarter (22.4%, n=3,989) were retired. Hypertension (29.9%, n=5,838), osteoarthritis (18.0%,
n=3,519) and diabetes (18.0%, n=3,516) were recorded as the commonest morbidities,

respectively.

4.2 Validations studies
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In the validation phase of the project, five questionnaires were evaluated consisting of FSS,
SCOPA, MNA, PDQ-39 and PDQ-8. For this purpose, we performed four validation studies,
which are briefly described afterwards. Validity and reliability findings of each of these studies
are listed in Table 6.

Table 6. Validity and reliability of the Persian-translated versions of the questionnaires used
in this project

Reliability Validity
Correlation | Correlation
Internal Internal
. . Sample . .
Questionnaire SizIe) Csonsistency Consistel,lcy Sl(,);il;ﬁsc_:oegﬁ Cgiigﬁlgnt
pearman r Cronbach’s a
(Range) 95% CI) score Yahr
(Pearson r) (Pearson r)
Fatigue Severity Scale 0.96
(FSS) 90 0.76-0.92 (0.95-0.97) 0.55 0.48
Scales for Outcomes in
Parkinson's Disease- 0.87
psychosocial 110 0.55-0.77 (© 8?;-0 90) 0.55 0.34
Questionnaire ) ’
(SCOPA-PS)
Mini Nutritional 0.70
Assessment 143 0.03 -0.53 ' -0.63 -0.43
(MNA) (0.62-0.77)
Parkinson’s Disease 0.94
uestionnaire-39 items D7-0. . .
Q i ire-39 1 114 0.57-0.87 © 92'_0 95) 0.64 0.44
(PDQ-39) ' '
Parkinson’s Disease 0.74
Questionnaire-8 items 114 0.46-0.70 (© 66-0 81) 0.59 0.38
(PDQ-8) R

CI: confidence interval

All coefficients are statistically significant (p-value<0.05) except for Spearman internal consistency of
two items in the MNA questionnaire (*).

4.2.1 Fatigue severity scale (FSS)

Using data on 90 patients with IPD recruited from the Movement Disorder Clinic, the internal
consistency coefficient of the Persian-translated FSS was shown to be larger than 0.8 for all of
the items and the total Cronbach’s alpha was 0.96 (95% CI: 0.95-0.97) [110]. As shown in
Table 7, the FSS had high Cronbach’s alpha coefficient (=0.93) within all subgroups of PD
patients regarding age groups, sex, educational level and disease severity assessed by the
Hoehn & Yahr stage. The total score of the FSS was significantly valid to discriminate patients
with more severe disability (Hoehn & Yahr stage>2) from those with less severity (Hoehn &
Yahr stage<2) [AUC=0.81 (95% CI: 0.72-0.90)] [110].
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Table 7. Reliability (Cronbach’s a) of the Parkinson Disease Questionnaire (PDQ-8) and
Fatigue Severity Scale (FSS) questionnaires within various subgroups of Iranian Parkinson’s

disease patients

Suberouns Cronbach’s a Coefficient

group PDQ-8 FSS
<65 yr 0.65 (0.51-0.76) 0.97 (0.95-0.98)
Age Group >65 yr 0.84 (0.76-0.90) 0.95 (0.92-0.97)
Gender Female 0.69 (0.47-0.85) 0.93 (0.88-0.96)
Male 0.76 (0.67-0.83) 0.97 (0.95-0.98)

Illiterate/Primary/

Educational Level Secondary school 0.77 (0.68-0.84) 0.94 (0.92-0.96)
College/University 0.58 (0.35-0.74) 0.98 (0.97-0.99)
Hoehn & Yahr <2 0.71 (0.60-0.80) 0.95 (0.93-0.97)
Stage >) 0.75 (0.61-0.86) 0.94 (0.90-0.97)

All coefficients are statistically significant (p-value<0.001)

4.2.2 Scales for outcomes in Parkinson's disease-psychosocial questionnaire
(SCOPA-PS)

SCOPA-PS was validated in 110 Iranian patients with IPD. Independent native speakers
approved content validity through translation and back-translation method. The overall
Cronbach’s alpha coefficient for reliability was 0.87 (95% CI: 0.83-0.90). In item-specific
analysis, the highest and lowest internal consistency was observed in item-7 on “asking for
help” (r=0.765) and item-5 on “sexual problems” (r=0.553), respectively [112]. Table 8 shows
the results for the linear regression model to determine the factors independently affect total
score of the SCOPA-PS questionnaire in recruited IPD patients. After exclusion of the non-
significant variables, a regression model was achieved (R*=0.703, p<0.001) including HADS
anxiety (B=0.71, p=0.020) and depression (B=1.53, p<0.001) scores, and the cognition
(B=0.17, p=0.047), stigma (B=0.21, p<0.001) and mobility (B=0.21, p=0.003) domains of the
PDQ-39 questionnaire.

4.2.3 Mini-nutritional assessment (MNA)

Another validation study was performed on 143 IPD patients to evaluate validity and reliability
of the Persian-version of the MNA. The Cronbach’s alpha coefficient for the entire MNA was
calculated as 0.70 (95% CI: 0.62-0.77). Nevertheless, reliability coefficient was significantly
higher among the younger patients (age <65 yrs) [0.75 (95% CI: 0.67-0.82) vs. 0.55 (95 Cl%:
0.37-0.71), p<0.05]. The total score of the MNA significantly correlated with weight (=0.427,
p<0.001), MAC (1=0.268, p=0.001) and CC (1=0.285, p=0.001) and could discriminate IPD
patients with BMI >24 kg/m’ (AUC=0.71, p<0.001). The cut-off value of 26 for the total MNA
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score had 58% sensitivity and 82% specificity for this discrimination [113].

Table 8. Multivariate linear regression model of the independent scales/variables relating to
the total score of the SCOPA-PS questionnaire in Iranian Parkinson’s disease patients
(m=110) (R’=0.703, p<0.001)

Unstandardized | Standardized o
Scales/ Coefficients Coefficients 95% Cl for B
. t | p-value

Variables B SEM Beta Lower Upper
Bound Bound

HADS 1534 | 0.408 0.305 376 | <0.001* | 0.723 2.345

Depression

PDQ-39 | 173 | 0.086 0.161 202 | 0.047% | 0.002 0.344

Cognition

PDQ-39 1 4508 | 0.056 0.243 375 | <0.001% | 0.098 0.319

Stigma

PDQ-39 1 515 | 0.070 0.253 3.08 | 0.003* | 0.076 0.355

Mobility

HADS 0.711 | 0301 0.180 | 236 0.020% | 0.113 1310

Anxiety

Constant | -1.501 | 2.029 i 0oa | 0461 5,536 2533

SEM: standard error of mean, CI: confidence interval
* Statistically significant (p-value<0.05)

4.2.4 Parkinson’s disease questionnaire (PDQ)

In study I, psychometric properties of the Persian-translated version of the PDQ-8
questionnaire were assessed in 114 IPD patients from our Movement Disorders Clinic. Figure
3 shows the Scree plot for PDQ-8 questionnaire demonstrating one-factor structure as the best
fitted model, which explained 37.31% of the variance of the PDQ-8 scores (Eigen value=2.98).
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Both PDQ-39 [Cronbach’s alpha=0.94 (95% CI: 0.92-0.95)] and PDQ-8 [Cronbach’s
alpha=0.74 (95% CI: 0.66-0.81)] questionnaires had high reliability coefficients. The overall
reliability of the PDQ-8 (Cronbach’s alpha coefficient) would not further improve by
replacement of its items with other questions with higher internal consistency within each
corresponding dimension in the original PDQ-39 [115]. The Persian-version of the PDQ-8 was
shown to be a reliable instrument within different subgroups of IPD patients regarding age
groups, sex, educational level and Hoehn & Yahr stage (7able 7). As illustrated in Figure 4,
the scores of both PDQ-8 and PDQ-39 demonstrated significant discriminant values to
distinguish different severity-related dummy conditions (all p<0.001). The mental scale of the
UPDRS (part-I) was the only variable where the calculated AUC was larger for the PDQ-8 to
discriminate the patients with score >1 (AUCppgs=0.812, AUCppq-30=0.801; Figure 4-4). By
contrast, the score from PDQ-39 had larger AUC to discriminate IPD patients with UPDRS-
motor domain (part-III) score >13 (AUCppq.s=0.632, AUCppq-39=0.670; Figure 4-B), UPDRS
total score >30 (AUCppq-s=0.762, AUCppq-39=0.791; Figure 4-C), Hoehn & Yahr Stage >2
(AUCppq-s=0.706, AUCpp-39=0.764; Figure 4-D) and Schwab & England ADL Score <80%
(AUCppq-s=0.737, AUCppq-39=0.775; Figure 4-E).

4.3 Development of the screening instrument

In study 11, a comprehensive list of 25 potential screening items for parkinsonism (7able 9) was
filled in 147 patients with IPD, 10 patients with atypical parkinsonism (AP), 7 patients with
essential tremor (ET), 14 patients with dystonia, 19 patients with other neurologic disorders
and 110 healthy controls. In most analyses, data from patients with IPD and atypical
parkinsonism were merged to make a single group of patients with parkinsonism (n=157). As it
is shown in Table 9, six items on “tremor & shaking” [CUI'=0.734 (95% CI: 0.730-0.738)],
“troublesome arm swing” [CUI'=0.702 (95% CI: 0.698-0.7006)], “stiffness & rigidity” [CUI'
=0.670 (95% CI: 0.666-0.675)], “feet stuck to floor” [CUI'=0.667 (95% CI: 0.663-0.671)],
“slower daily activity” [CUI'=0.649 (95% CI: 0.644-0.654)] and “troublesome buttoning”
[CUI'=0.643 (95% CI: 0.639-0.647)] demonstrated good utility (CUI>0.64) to be included in
the new screening tool for parkinsonism with the highest negative CUISs, respectively. Some
other symptoms such as “changes in speech”, “smaller handwriting”, “shuffling & small
steps”, “stooped posture” and “inexpressive face” showed a fair utility with a negative CUI
ranging between 0.563 and 0.622.
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Figure 4. Receiver operating characteristics (ROC)
curves to compare the diagnostic value of the PDQ-8
(black line) and PDQ-39 (gray dotted line) to
discriminate Parkinson’s disease patients with:
A) UPDRS-mental score >1
(A UCPDQ_8=0. 8]2,‘ A UCPDQ_39=0. 801)

B) UPDRS-motor score >13
(A UCPDQ_8=0. 632, A UCPDQ_39=0. 670)

C) UPDRS total score >30
(A UCPDQ_8=0. 762,‘ A UCPDQ_39=0. 791)

D) Hoehn & Yahr Stage >2
(A UCPDQ_8=0. 706,‘ A UCPDQ_39=0. 764)

E) Schwab & England ADL Score <80%

(A UCPDQ_8=0. 73 7,' A UCPDQ_39=0. 775)
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Following selection of the best items, a new screening tool was developed consisting of the six
symptoms with good negative CUI [88]. However, the discriminative performance of our new
screening tool to distinguish patients with parkinsonism from healthy individuals was assessed
in five different formats:

1) Crude score of the 6-item instrument consisting of symptoms with good negative CUI

2) Crude score of the 11-item instrument consisting of symptoms with either good or fair
negative CUI

3) Weighted score of the 6-item instrument using CUI

4) Weighted score of the 6-item instrument using regression model [resulted in a 4-item
weighted version as: 2*(“stiffness & rigidity in legs”)+5*(“tremor &
shaking”)+5*(“troublesome arm swing”)+5*(“feet stuck to floor™)]

5) Weighted score of the 6-item instrument based on prevalence

Using ROC analysis, the optimal cut-off values for discrimination were calculated for each
format (Figure 5).

Having included questions from several different instruments, we were able to imply the same
procedures on previously introduced screening tools for parkinsonism on our single database to
compare their discriminative capacity (Figure 6).

Results from ROC analysis confirmed that our new 6-item screening instrument had the
highest AUC [0.977 (95% CI: 0.963-0.992)] to discriminate IPD patients from healthy
individuals compared to other screening tools that were assessed in our study. Furthermore, the
new screening instrument had significant AUC to distinguish parkinsonism with different
severities from healthy condition as follows:

1) Hoehn & Yahr <1 [AUC=0.952 (95% CI: 0.918-0.986)]
2) 1<Hoehn & Yahr <2 [AUC=0.985 (95% CI: 0.971-0.999)]

3) Hoehn & Yahr >2 [AUC=0.994 (95% CI: 0.985-1)]
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Table 9. Diagnostic values and Clinical utility index (CUI) of each single item for screening (ruling-out) or case-finding (ruling-
in) of parkinsonism from healthy condition [The range mentioned in parenthesis represents the 95% confidence interval (CI) of the

estimations]
Sensitivity Specificity Youden " .
NO. Item (%) (%) Index Positive CUI Negative CUI

1 Impaired Consciousness 16.9 (11.5-23.9) | 95.3 (88.9-98.2) 0.12 0.142(0.135-0.148) | 0.423 (0.418-0.427)
) Uncontrollicinlz/ézvements of 717 (63.7-78.6) $3.6 (75.1-89.8) 0.55 0.615 (0.6/11-0.620) 0.570 (0.5{65-0.575)
3 Changes in Speech 56.9 (48.6-64.8) | 92.7 (85.7-96.6) 0.50 0.521(0.515-0.526) | 0.563 (0.558-0.568)
4 Paralysis of Face NS NS - NS NS

5 Drooling from Mouth 19.0 (13.2-26.3) | 95.5(89.2-98.3) 0.15 0.162(0.155-0.169) | 0.438(0.433-0.442)
6 Weakness of Limbs NS NS - NS NS

7 Sensory Changes in Limbs NS NS - NS NS

8 | Stiffness & Rigidity in Legs | $8.9(82.5932) | 80.0(71.1-86.8) | 060 | 0763(0763-0.768) | 0.670(0.666-0.675)
9 Tremor & Shaking 85.8 (79.1-90.7) | 89.9 (82.3-94.6) 0.76 0.793(0.790-0.795) | 0.734 (0.730-0.738)
10 Smaller Handwriting 65.0 (56.3-72.8) | 93.8 (86.5-97.5) 0.59 0.609(0.603-0.614) | 0.614 (0.609-0.619)
11 Trouble in Arising from Chair 42.5 (34.6-50.7) 82.7 (74.1-89.0) 0.25 0.329 (0'532'0'335) 0.421 (0‘435'0'426)
12 Softer Voice 22.1(16.0-29.6) | 92.6(85.5-96.5) 0.15 0.179 (0.172-0.186) | 0.421 (0.416-0.425)
13 Shoulder Pain NS NS - NS NS

14 Troublesome Buttoning 63.0 (54.8-70.5) 98.2 (92.9-99.7) 0.61 0.617 (0'6}2-0'622) 0.643 (0‘939-0'647)
15 Shuffling & Small Steps 69.0 (61.0-76.1) | 91.2 (84.6-96.0) 0.60 0.637(0.633-0.641) | 0.622(0.618-0.627)
16 Troublesome Arm Swing 72.7 (64.7-79.5) | 98.1(92.6-99.7) 0.71 0.714(0.710-0.717) | 0.702 (0.698-0.706)
17 Poor Balance 445.8 (37.8-54.0) | 82.7 (74.1-89.0) 0.29 0.361(0.355-0.368) | 0.430(0.425-0.435)
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18 Feet Stuck to Floor 66.4 (58.3-73.8) | 98.2(92.9-99.7) 0.65 0.652 (0.647-0.656) | 0.667 (0.663-0.671)
19 Stooped Posture 59.4 (51.2-67.1) | 92.7 (85.7-96.6) 0.52 0.546 (0.541-0.551) | 0.573 (0.569-0.578)
20 Changes in Smelling Ability 23.5(17.2-31.2) | 90.0 (82.4-94.7) 0.14 0.180(0.173-0.187) | 0.413 (0.408-0.417)
21 Screaming Nightmares 42.6 (34.8-50.8) 74.5 (65.2-82.2) 0.17 0.299 (0'%?3'0'305) 0.357 (0‘§§2'0'363)
2 Troublesome Concentration & NS NS ) NS NS
Memory

23 Slower Daily Activity 85.8(79.1-90.7) | 80.9 (72.1-87.5) 0.67 0.741(0.738-0.744) | 0.649 (0.644-0.654)
24 Inexpressive Face 48.3 (40.0-56.7) | 96.4 (90.4-98.8) 0.45 0.461 (0'4;5-0'468) 0.558 (0'5/54_0'563)
25 Troublesome Walking 69.4 (61.1-76.7) | 72.7 (633-80.6) | 042 | 0->44(0.340-0.549) | 0.465 (0.459-0.472)

CUI: clinical utility index, NS: Not significant
" very poor utility, * poor utility, * fair utility, * good utility
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Figure 5. Overlaid histogram plots of different formats/modifications of the new screening
instrument’s score to discriminate parkinsonism (blue columns) from healthy condition (pink
columns) in recruited participants (total n=267). The overlaid purple columns represent either
false negative or false positive categorized individuals, and the dashed black lines show the
optimal cut-point value for discrimination in each condition.
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Figure 6. Overlaid histogram plots of different screening instruments’ scores to discriminate
parkinsonism (blue columns) from healthy condition (pink columns) evaluated in our single

database (total n=267). The overlaid purple columns represent either false negative or false
positive categorized individuals and the dashed black lines show the optimal cut-point value

for discrimination in each instrument.

4.4 Prevalence of parkinsonism

Using the new screening tool developed in study II, 157 individuals with an average age of
64.5 (SD=10.9) yrs who were recruited through the community-based door-to-door survey
were positively screened for parkinsonism in study III. This resulted in an age- and sex-
adjusted prevalence rate of 222.9/100,000 (95% CI: 160-300) and 285/100,000 (95% CI: 240-
329) based on real Tehran population and the “WHO World Standard Population”, respectively
[42]. Other than the new 6-item instrument, we also calculated the prevalence rate for
positively screened cases by other tools. The standardized prevalence rate based on the “WHO
World Standard Population” varied between 104.2/100,000 (95% CI: 87.9-120.5) (using
Tanner et al items [104]) and 296.0/100,000 (95% CI: 249.7-342.4) (using the SNES tool).
The male/female ratio of probable parkinsonism was 1.62 and a significant increase in the
screening rate was observed by increasing age (p=0.026 for trend, Figure 7).
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Figure 7. Age- and sex-adjusted rates (/100,000) of screened cases suspicious of parkinsonism

using different screening instruments in each age category

4.5 Nutritional status in Parkinson’s disease
4.5.1 Prevalence of malnutrition

Nutritional status of the IPD patients enrolled from the Movement Disorders Clinic was
assessed and compared with a group of age- and sex-matched controls using the Persian-
translated version of the MNA and anthropometric measurements in study IV. No significant
difference was found neither in the mean of total MNA score [25.1 (SD=3.4) in IPD patients
vs. 24.4 (SD=3.8) in controls, p=0.094] nor in the prevalence of malnutrition [2.1% (n=3) in
IPD patients vs. 2.0% (n=3), p=0.228] between the two study groups. Another 37 (25.9%) IPD
patients and 51 (35.2%) controls were at risk of malnutrition (p=0.228) [55]. Detailed
comparisons of anthropometric measurements are shown in Figure § demonstrating no
significant difference in the categories of BMI, MAC and CC between the IPD and control
groups (all p>0.05).

Although case and control groups were matched based on the mean age and gender
distribution, educational level was significantly different between two study groups. Therefore,
further subgroup analysis followed by multivariate statistic was performed to assess the
probable confounding effect of this variable. As shown in Figure 9, among illiterate
individuals the mean MNA score was significantly higher in IPD patients [24.19 (SD=2.18) vs.
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21.93 (SD=3.42), p=0.040], whereas among the ones with high school or college/university
education the mean of total MNA score was higher in the control group. Nevertheless, even
after adjustment for educational level by multivariate analysis, no significant difference was
found in the average of total MNA score between IPD patients and the controls (p=0.434).
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22<MAC cm
21<MAC<22 cm
MAC<21 cm

23<BMI kg/m2
21<BMI<23 kg/m2
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B Parkinson disease
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E Healthy Controls

Normal Nutritional Status
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Figure 8. Distribution of different categories of anthropometric measurements consisting of
calf circumference (CC, p=0.814), mild-arm circumference (MAC, p=0.363) and body mass
index (BMI, p=0.919) and the whole nutritional status based on the total score of Mini
Nutritional Assessment (MNA, p=0.228) in healthy controls versus Parkinson disease patients
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4.5.2 Determinants of malnutrition

In study V, the association between nutritional status and a comprehensive list of motor and
non-motor features of PD was evaluated in 146 IPD patients from the Movement Disorders
Clinic. Forty patients were either malnourished or at risk of malnutrition. 7able 10 shows the
findings for univariate comparisons of the baseline, HRQoL, disease severity and psychiatric
features between the two groups of IPD patients regarding nutritional status. IPD patients with
abnormal nutritional status had a significantly higher score not only for the entire UPDRS
[45.9 (SD=18.0) vs. 26.4 (SD=13.6), p<0.001] but also for all of its parts (all p<0.05). Among
the NMS, more severe anxiety [8.8 (SD=5.2) vs. 5.9 (SD=4.9), p=0.002], depression [9.0
(SD=4.2) vs. 3.6 (SD=3.5), p<0.001] and fatigue [5.4 (SD=1.5) vs. 4.2 (SD=2.0), p<0.001]
were recorded in those with abnormal nutritional status. Except for stigma, all other domains of
HRQoL were significantly poorer among those with abnormal nutritional status (all p<0.05)
[73]. Even though total MNA score was not significantly associated with patients’ age
(r=0.021, p=0.805), it inversely correlated with disease duration (r=-0.249, p=0.002) such that
those with longer PD duration had worse nutritional status (Figure 10).

Two multivariate regression models were applied to investigate the independent predictors of
total MNA score (as a continuous outcome) and being either malnourished or at risk of
malnutrition (as a binary outcome). As it is summarized in Table 11, depression (standardized
coefficient=-0.352, p<0.001), total UPDRS score (standardized coefficient=-0.313, p<0.001),
patients’ sex (standardized coefficient=-0.196, p=0.003) and weight-adjusted daily levodopa
dosage (standardized coefficient=-0.190, p=0.006) were the strongest independent
determinants of total MNA score after multivariate adjustments. Results from model 2 revealed
that each unit of increase in the Hoehn and Yahr stage and depression score accompanied with
a 2.4-time (95% CI: 1.3-4.5, p=0.007) and 1.4-time (95% CI: 1.2-1.6, p<0.001) higher
likelihood of being malnourished or at risk of malnutrition in IPD patients, respectively [73].
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Table 10. Comparison of the mean [standard deviation (SD)] scores of different motor, non-
motor and quality of life (PDQ-39) scales between subgroups of Parkinson disease (PD)
patients regarding nutritional status (MNA)

Malnourished or Normal
Scale Domain at risk of nutritional p-value
malnutrition status (¢ test)
(n=40) (n=106)
Age (yr) 61.3 (12.3) 61.3 (9.8) 0.982
E Disease duration (yr) 8.2 (6.9) 6.2 (4.6) 0.045*
] Body mass index (BMI)
3 (ke/m?) 23.9 (3.8) 26.6 (4.3) 0.001*
Daily levodopa dose (mg) 817 (450) 841 (490) 0.789
Mobility 45.6 (26.6) 19.4 (20.7) <0.001*
Activities of daily living
(ADL) 38.4 (28.9) 18.0 (17.9) <0.001*
a Emotional well-being 41.3 (22.4) 22.1(20.8) <0.001*
8‘ Stigma 22.0 (24.4) 21.5(25.4) 0.913
- Social support 13.0 (17.2) 5.1(10.9) 0.016*
Cognitive impairment 25.5(20.5) 13.5 (16.6) <0.001*
Communication 24.6 (23.9) 10.3 (13.6) 0.001*
Bodily discomfort 32.5(20.3) 16.4 (19.6) <0.001*
UPDRS: Part [-mental 3.8(3.2) 1.3(1.4) <0.001*
UPDRS: Part I[I-ADL 15.9 (7.8) 9.4 (5.8) <0.001*
iy UPDRS: Part III-motor 20.6 (10.1) 13.3 (7.4) <0.001*
R
2 Uf?rfsﬁci?gg_ 5.1(3.4) 2.9 (2.2) <0.001*
2 p o 1.7 (2.5) 8(1.4) 0.042*
2 a. Dyskinesia 23 (14) 1.5 (1.2) 0.003*
§ b. Wearing off T T '
a UPDRS: Total 45.9 (18.0) 26.4 (13.6) <0.001*
Hoehn & Yahr stage” 2.5(.8) 1.8 (.8) <0.001*
Schwab & England stage (%) 71.2 (19.6) 85.7 (13.9) <0.001*
g Anxiety 8.8(5.2) 5.9 (4.9) 0.002*
é Depression 9.0(4.2) 3.6 (3.5) <0.001*
§ Fatigue 5.4 (1.5) 4.2 (2.0) <0.001*

# Values are presented as median [interquartile range (IQR)]
* Statistically significant (p-value<0.05)
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Figure 10. Scatter plot of the correlation between total score of Mini Nutritional
Assessment (MNA) and: A) patients’ age (r=0.021, p=0.805), B) disease duration (r=-
0.249, p=0.002) in Parkinson disease patients
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Table 11. Multivariate regression models to determine the motor and non-motor factors
independently related to total score of the MNA questionnaire (model 1) and having abnormal
versus normal nutritional status (model 2) in recruited Parkinson disease (PD) patients (In
both regression models, age at the time of diagnosis, sex, weight-adjusted levodopa dosage,
the score of the each part of the UPDRS scale, total UPDRS score, Hoehn & Yahr stage,
Schwab & England ADL score, anxiety, depression and fatigue scores were entered as the
predictor list.)

Model 1: Linear regression
(Dependent variable: total MNA score)

Unstandardized Standardized
Significant Variables Coefficients Coefficients t p-value
B SEM Beta
Gender -1.53 0.50 -0.20 -3.03 0.003*
Weight-adjusted -0.09 0.03 0.19 2.82 | 0.006*
levodopa dosage
Depression score -0.29 0.06 -0.35 -4.55 <0.001*
Total score of UPDRS -0.06 0.02 -0.31 -3.90 <0.001*
Constant 30.15 0.50 - 59.87 <0.001*

Model 2: Binary Logistic regression
(Dependent variable: abnormal vs. normal nutritional status)

N . OR
Significant Variables B SEM (95% CI) Wald p-value
. 1.42 x
Depression score 0.35 0.07 (1.24-1.64) 24.26 <0.001
2.38 *
Hoehn & Yahr stage 0.87 0.32 (1.26-4 46) 7.23 0.007
Constant -4.98 0.97 - 26.33 <0.001*

SEM: standard error of mean, CI: confidence interval, OR: odds’ ratio
* Statistically significant (p-value<0.05)

4.6 Quality of life in Parkinson’s disease

Univariate associated factors and multivariate determinants of HRQoL in total IPD population
(n=157) who were recruited from the Movement Disorders Clinic were assessed in study VI.
Further analyses were performed to investigate the potential heterogeneity in the role of these
factors and general pattern of HRQoL between different phenotypes of IPD patients.

4.6.1 Univariate correlates

Several baseline characteristics, motor severity and subtypes, and NMS significantly correlated
with PDSI as a single indicator of HRQoL. Patients with lower tremor score [unadjusted
coefficient=-0.26 (95% CI: -0.44—0.08)], fall [unadjusted coefficient=12.15 (95% CI: 7.56-
16.74)], freezing [unadjusted coefficient=13.33 (95% CI: 8.67-18.00)], more symmetric
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disease [unadjusted coefficient=-18.91 (95% CI: -29.10—-8.72)], cognitive impairment
[unadjusted coefficient=7.98 (95% CI: 2.82-13.14)], hallucinations [unadjusted
coefficient=16.66 (95% CI: 9.68-23.63)], apathy [unadjusted coefficient=12.75 (95% CI:
8.12-17.39)], sleep disturbances [unadjusted coefficient=8.93 (95% CI: 4.09—13.77)], higher
depression [unadjusted coefficient=2.47 (95% CI: 2.07-2.87)], anxiety [unadjusted
coefficient=1.75 (95% CI: 1.36-2.14)] and fatigue [unadjusted coefficient=3.63 (95% CI:
2.47-4.79)] scores, and worse nutritional status [unadjusted coefficient=-2.41 (95% CI: -3.05—
1.77)] had worse HRQoL indicated by a higher PDSI.

4.6.2 Multivariate determinants

The tolerance statistics were all >0.40 and the VIF<2.5 demonstrating no serious problem with
the collinearity issue in all multivariate regression models. As it is summarized in Table 12,
anxiety [adjusted coefficient=0.51 (95% CI: 0.15-0.87)], depression [adjusted coefficient=1.11
(95% CI: 0.63—-1.59)] and UPDRS-part II (ADL) [adjusted coefficient=0.90 (95% CI: 0.60—
1.20)] scores were the significant independent determinants of PDSI after adjustment for sex,
level of education, comorbidity score and PD duration as the baseline covariates.

Considerable differences were found in the determinants’ list of each HRQoL domain. Female
sex, higher depression score and more impaired ADL were significant predictors of worse
HRQoL in “mobility” and “social support” domains (all adjusted coefficients>0 and p<0.05).
“Emotional well-being” was significantly worse in IPD patients who were female [adjusted
coefficient=7.18 (95% CI: 1.02—-13.34)], scored higher for anxiety [adjusted coefficient=1.65
(95% CI: 0.98-2.31)] and depression [adjusted coefficient=1.99 (95% CI: 1.11-2.88)] and had
less severe motor signs [adjusted coefficient=-0.53 (95% CI: -0.93—-0.12)]. More severe
anxiety [adjusted coefficient=1.15 (95% CI: 0.20-2.10)], more impaired ADL [adjusted
coefficient=0.85 (95% CI: 0.07-1.64)] and less severe motor signs [adjusted coefficient=-0.57
(95% CI: -1.15-0.01)] were the strongest determinants of “stigma”. Higher number of
comorbidities [adjusted coefficient=2.63 (95% CI: 0.02-5.24)] accompanied with a worse
“cognition” dimension of the HRQoL and “communication” was mostly affected by depression
[adjusted coefficient=1.33 (95% CI: 0.49-2.17)] and motor symptoms [adjusted
coefficient=0.81 (95% CI: 0.29-1.33)] in IPD patients.

4.6.3 Structural equation model

As it is illustrated in Figure 11, the best SEM consisted of two major latent exogenous
variables to characterize the global “motor” and “non-motor” components of PD, and the eight
dimensions of the PDQ-39 questionnaire were indicated by an endogenous latent variable
representing the general HRQoL. This model had 267 degrees of freedom and a Chi square
value of 557 (Chi*/df=2.1, p<0.001).
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Table 12. Multivariate linear regression model to find the baseline and clinical predictors of
the Parkinson disease summary index (PDSI) as a single indicator for health-related quality of
life (HRQoL) in Parkinson disease patients

Unstandardized . Collinearity
Ill\‘,i:fizlll:li::t Coefficients Séilgf?:iljfsd p-value Statistics
(95% CI) Tolerance | VIF
5.30 «
Female Sex (1.97 - 8.62) 0.16 0.002 0.83 1.21
. . -0.24
Disease Duration (-0.54 — 0.07) -0.08 0.127 0.78 1.29
o 1.33
Comorbidity Score (0.15 - 2.81) 0.08 .079 0.97 1.03
) 0.51 x
Anxiety Score (0.15— 0.87) 0.17 .006 0.59 1.70
. 1.11 %
Depression Score (0.63— 1.59) 0.32 <0.001 0.45 2.21
-0.14
MNA Total Score (-0.71 — 0.43) -0.03 0.634 0.57 1.77
. 0.33
Fatigue Score (-0.58 — 1.24) 0.04 0.48 0.67 1.50
UPDRS Score 0.69
Part I-items 1, 2, 4 (-0.20 — 1.57) 0.08 0.127 0.71 1.41
0.90 *
Part II- ADL (0.60 — 1.20) 0.43 <0.001 0.41 2.42
-0.12
Part I1I- Motor (-0.34— 0.10) -0.07 0.269 0.49 2.05
3.66
Constant (-13.40 — 20.72) - 672 - -

CI: confidence interval, VIF: variance inflation factor
* Statistically significant (p-value<0.05)

With RMSEA=0.08, NFI=0.74, CFI=0.84 and TLI=0.82, the model could explain 89% of the
variance of total HRQoL. All standardized regression weights were statistically significant
(»<0.05). Three direct correlations (between cognition and hallucination in the non-motor
section, anxiety on ‘“emotional well-being” dimension of HRQoL, “social supporf’ and
“communication” dimensions of HRQoL) were added in order to improve the model. In the
entire study population, non-motor latent domain had a larger direct effect on HRQoL
compared to that of the motor (SRW=0.69 vs. 0.32), while the motor domain showed an
indirect effect mediated through the non-motor section as large as 0.49 resulting in the total
effect of 0.81 from the motor domain on HRQoL. ADL (SRW=0.94), motor signs (SRW=0.70)
and falling (SRW=0.70) were the strongest indicators of the motor latent variable.
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Psychosocial functioning (SRW=0.84), depression (SRW=0.82) and anxiety (SRW=0.63) were
the most determinant factors for the non-motor latent domain to affect HRQoL. The same
hypothetical SEM was re-structures in subgroups of PD with different phenotypes regarding
onset-age, progression and dominant symptom. Figure 12 illustrates the heatmap for the SRWs
from the phenotype-specific SEMs. The intensity of colors represents the magnitude of each
association in the SEM for each PD phenotype. The strength of the main associations and
indicators of the latent variables were heterogeneously different for each phenotype.

Motor domain showed larger direct impact on HRQoL compared to non-motor section in
younger-onset (SRW=0.61, p<0.001) and rapid-progression PD (SRW=0.57, p<0.001),
whereas among typical-onset, slow-progression, tremor and non-tremor-dominant PD, non-
motor domain had larger direct effect (all p<0.05). In patients with slow-progression PD, non-
motor domain showed the largest direct effect (SRW=0.95, p=0.005) on HRQoL and all of the
effects of motor domain was mediated through non-motor section. Comorbidity profile showed
significant effect on HRQoL only among those with >50 years of age at the time of diagnosis
(SRW=0.14, p=0.007) and non-tremor-dominant PD (SRW=0.13, p=0.037).

Obvious heterogeneities were also noted in the indicators profile of each phenotype. In
younger-onset patients, depression was the strongest driver of the non-motor latent variable
(SRW=0.91, p=0.004). Sleep disorder was a significant indicator for non-motor domain to
affect HRQoL only among older-onset (SRW=0.33, p=0.004), slow-progression (SRW=0.32,
p=0.031) and non-tremor (SRW=0.37, p=0.008) phenotypes. Opposite to the rapid-progression
phenotype, fatigue was a significant indicator for non-motor domain among the slow-
progression PD patients (SRW=0.49, p=0.010). In contrast to all other phenotypes, both
dyskinesia (SRW=0.42, p=0.012) and fluctuations (SRW=0.33, p=0.043) showed significant
contributions in the motor domain to affect HRQoL among the younger-onset patients.
Regarding different indicators of HRQoL, “cognition” showed the highest SRW among the
older-onset patients (0.72), whereas “mobility” had the largest SRW in younger-onset PD
phenotype (0.90).
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DISCUSSION

5 DISCUSSION

5.1 Summary and interpretations of the main findings
5.1.1 Questionnaire validations

Through validation studies, we showed that the Persian-translated versions of the FSS [110],
SCOPA-PS [112], MNA [113], PDQ-39 and PDQ-8 [115] were trans-culturally reliable and
valid to assess fatigue, psychosocial functioning, nutritional status and HRQoL in Iranian PD
patients, respectively (Table 6). These scales were also proved to be reliable and valid within
different subgroups regarding age category, sex, educational level and PD severity. More
specifically about the PDQs, we demonstrated that the composition of the items in the short-
form version (PDQ-8) was appropriate enough to validly assess different aspects of HRQoL
especially the mental and behavioral domains [115], which is in line with a previous report
[129]. Literature review on other studies showed that the Cronbach’s alpha coefficient of the
PDQ-8 was between 0.72 and 0.88, which is lower than the long-form version (PDQ-39). Our
reliability coefficient (0.74) is close to the Greek (0.72) [130], Italian (0.72) [131] and English
version in Canadian (0.72) [132] and Singaporean (0.75) [133] PD populations while some
other studies showed higher alpha coefficients for the reliability of the PDQ-8 [129, 134-136].

5.1.2 Novel screening instrument for parkinsonism

In study II, a new screening instrument was developed containing six items, three of which

YEENN 1Y

refer to the cardinal symptoms on “stiffness & rigidity”, “tremor & shaking” and “slower daily
activity” and three others namely “troublesome buttoning”, “troublesome arm swing” and “feet
stuck to floor” [88]. In line with previous studies [99, 107, 137], tremor had the highest
diagnostic value as a single symptom to discriminate parkinsonism from healthy condition.
Using the new concept of CUI to select the best screening symptoms, our new 6-item
instrument showed the strongest diagnostic value to screen parkinsonism in comparison with
the previously developed tools [88]. Our newly developed instrument showed the highest
Youden’s index (0.861) and specificity (96%), while, the WHO recommended questionnaires
[102-103] had a higher sensitivity (95%) but lower specificity (60% and 72%). Our new
instrument also showed the highest overall accuracy with an AUC of 0.977 compared to others
including the SNES [99] (0.934), WHO modified instrument [102] (0.933), recommended
index by Daurte et al [105] (0.947), Setthawatcharawanich et al [107] (0.950) and Chan et al
[106] (0.968) to screen parkinsonism. Further subgroup analysis demonstrated that our new
instrument remains valid for screening of parkinsonism within different age categories and
severity of symptoms. In other words, it can accurately screen individuals suspicious of

parkinsonism even with young age and mild symptoms during the early-stage of their disease.

60
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5.1.3 Prevalence of parkinsonism and Parkinson’s disease

Using our newly developed screening instrument in the first community-based doo-to-door
neuroepidemiologic survey on parkinsonism in Tehran, Iran, the adjusted screening-detected
prevalence rate was found to be 223/100,000 and 285/100,000 based on Tehran and “WHO
World Standard” populations, respectively [42]. Both estimations could be considered as
medium-to-high compared with other countries (7able 2). Previous surveys demonstrated that
around 58-70% of the positively screened cases for parkinsonism actually have PD [5-6, 29,
138-140]. Accordingly, it could be expected that PD prevalence in Tehran urban population
could be expected to range between 129-156/100,000 (standardized by Tehran population) or
165-199/100,000 (standardized by “WHO World Standard Population™). This rate is in
between of the wide range of PD prevalence estimated for Caucasians populations (65-
257/100,000) [37]. Focusing more on the Middle East where Iran is located, a higher PD
prevalence is seen in Egypt, Tunisia and Turkey, Iran is in the middle range and Saudi Arabia
has the lowest estimation (7able 2). There is another study to investigate PD prevalence in
Persian ethnic group that has been done on the Parsi community (group of Persians who
migrated from Iran to South Asia between the seventh and tenth centuries A.D.) in Bombay,
India [32]. Bharucha et al showed that PD prevalence is higher among these Persians
(192/100,000) who live in India compared to the highest rates reported for Indians themselves
[141]. Interestingly, the prevalence rate of PD in Parsi population of India is much closer to
our estimations from Iran. Nonetheless, not only ethnicity but also various environmental
factors may play role to have such a varied prevalence features for PD. In China, a tenfold
difference in PD prevalence has been shown from a nationwide survey covering different parts
of the country highlighting the role of environmental factors as well [35]. In our study,
prevalence of suspicious parkinsonism increased by advancing age and the overall male/female
ratio was 1.62 [42], which is quite similar to one report from Norwegian PD population (1.58)
[142].

5.1.4 Nutritional status in parkinsonian patients

Using the validated version of the MNA, similar proportion of both PD patients and controls
(2.1% vs. 2%) were detected to be malnourished in study IV and the mean MNA score was not
significantly different between the two groups [55]. In line with previous reports from the
Chinese and Italian PD populations that have used MNA as well [60-61], close to a quarter of
Iranian PD patients were found to be at risk of malnutrition. The unexpected low rate of severe
malnutrition in all of these populations [55, 60-61] is believed to mainly stem from the source
of patient selection. All patients were recruited from outpatient clinics where disabled in-
hospitalized cases were not included and majority of the samples were in the mild-to-moderate
stages of PD. In the Chinese PD population, malnutrition was observed only in 1.7% and such
a low rate was attributed to race, age, Hoehn and Yahr stage and disease duration [60]. In
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another Italian survey, underweightness was also reported to be uncommon in PD patients and
the authors concluded that the general overweightness in industrialized countries and the
modern antiparkinson therapies might be possible reasons [143]. Specifically in our study,
another issue might have also contributed to the rather low and similar prevalence rate of
malnutrition compared to the controls, which is related to the cultural behaviors and values in
Iranian society. The family members, spouses and caregivers of the elderly patients usually pay
more attention to elderly patients including providing appropriate nutritious diet for them when
they are sick. The patients with mild to moderate stages of PD mostly live with their own
families at their homes where they can benefit from these extra supports. Otherwise, it seems
that elderly PD patients who are living alone may face difficulties in food preparation and
appropriate nutrition on their own [55]. Regardless of all of these interpretations, it is important
to bear in mind that almost one third of Iranian PD population in study IV were either at risk of
malnutrition or malnourished, the fact which should be considered for a more efficient
management strategy.

Among the anthropometric measurements, CC was in average smaller in PD patients compared
to the controls [55], which might be due to the excess adiposity and depletion of lean body
mass in PD [144]. BMI has been typically used as another indicator for nutritional status in PD
population. However, different cut-off values have been applied to define malnutrition based
on BMI ranging from 18.6 kg/m’ [70] to 22 kg/m’ [67] in different reports. One longitudinal
study showed that 15.6% of PD patients versus 5.1% of the controls developed malnutrition,
which was defined as BMI<22 kg/m’ [67]. Using a lower cut-off point as BMI<20 kg/m?,
prevalence of malnutrition was shown to be 19.5% and 9.3% in urban or rural PD populations,
respectively [145]. In our study, 11.2% of the PD patients had BMI<21 kg/m’, which was close
to that of the matched controls (10.3%) [55]. A recent meta-analysis showed that PD patients
had a significantly lower BMI than controls, and patients with Hoehn and Yahr stage 3 had
even lower BMI compared to those at stage 2 [146]. This can explain why we did not find any
difference in the average BMI values between the controls and PD patients who were mostly in
stage 2 or less in our study [55].

Results from study V' demonstrated that several demographics, motor and non-motor features
associated with nutritional status in PD patients (7able 3). PD patients with nutritional
insufficiency had more severe symptoms in all parts of the UPDRS scale namely motor, non-
motor, ADL and complications [73]. Both dyskinesia and wearing-off phenomenon were more
common among PD patients with abnormal nutritional status [73]. This finding is aligned with
another study that reported dyskinesia as an important determinant of anthropometric
measurements in a group of PD patients with more advanced stage than our study population
[70]. We observed more severe depression and anxiety in PD patients with nutritional
problems, which is quite in line with several previous studies on different PD populations [60,
69]. Our study is the first to show a strong univariate association between fatigue and
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nutritional status in PD patients, however, no causal inference were made since fatigue and
exhaustion could potentially be considered as both cause and consequence of malnutrition [73].
Following multivariate adjustment, female sex, higher weight-adjusted daily levodopa dosage,
more severe disability (higher total UPDRS score, more advanced Hoehn and Yahr stage) and
more severe depression independently predicted lower MNA score representing a higher risk
of nutritional insufficiency in people with PD [73]. Female PD patients had significantly worse
nutritional status even after statistical adjustment for other covariates, which is in line with
previously published reports indicating female sex as a risk factor for malnutrition in the
elderly based on the total MNA score [147], or PD patients using anthropometric indices [66,
71]. Similar to some previous reports [69, 71, 148], we also could not find any association
between nutritional status and daily dosage of levodopa. Nevertheless, when the cumulative
daily dosage of levodopa was adjusted for body weight (mg per kg body weight), it
significantly correlated with the total MNA score in ours [73], Sheard et al’s [69] and
Barichella et al’s [68] studies. Interestingly, while no association was found between patient’s
age and total MNA score, longer disease duration accompanied with worse nutritional status in

PD patients.

In study V, we also showed that nutritional status strongly affected HRQoL. PD patients who
were malnourished or at risk of malnutrition had poorer life quality in all domains of PDQ-39
except for stigma. To our knowledge, our study was one of the few that directly assess the
relationship between nutritional status and HRQoL using MNA and PDQ-39 in PD patients.
Similar association has been previously shown in another elderly population from

rehabilitation centers [52].
5.1.5 Quality of life in Parkinson’s disease

In study VI, female sex, lower level of education, higher number of comorbid conditions and
longer duration of disease were demographic characteristics that adversely affected HRQoL.
Through univariate analysis, several motor and non-motor features were found to significantly
influence HRQoL in our study population. PD patients with more severe motor disabilities
(both responsive and non-responsive to levodopa), higher dependency in their daily lives,
lower tremor score, more symmetric subtype, higher freezing, fall and more severe gait
disturbances experienced poorer HRQoL. Cognitive impairment, hallucination, apathy, sleep
disturbances, anxiety, depression and fatigue were detected as the non-motor drivers of
HRQoL. Interestingly, worse nutritional status and less psychosocial activity also accompanied
with poorer HRQoL in people with PD as shown in study VI. Following multivariate analysis,
motor symptoms affecting activities of daily life, depression, anxiety and female sex were
found to be the strongest independent determinants of HRQoL in Iranian PD population,
respectively. In domain-specific analyses, PD patients with a higher number of comorbidities

had in average a 2.6 poorer score in cognitive dimension. Mental and behavioral symptoms
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such as apathy, cognitive impairment and hallucination adversely affected cognition and bodily
discomfort dimensions of the HRQoL in parkinsonian patients. Noteworthy, less severe motor
signs (UPDRS-Part III) associated with worse emotional-well being and stigma scores showing
that these domains are mainly affected at the early stages of PD and coping mechanisms during
the next years could improve these aspects of HRQoL in parkinsonian patients.

In line with our findings, non-motor symptoms, higher motor severity shown by Hoehn and
Yahr score and UPDRS-Part III, motor complications, female sex, longer disease duration and
being single or divorced have been shown to negatively affect the overall HRQoL in a
population of Chinese PD patients which is quite similar to ours regarding the average PDSI
(21.2 vs. 21.7) [83]. Similarly, they have also found that NMSs are the main determinants of
HRQoL in all dimensions. However, they have used the non-motor symptoms scale of
Parkinson's disease (NMSS) as a general instrument for NMSs [83], while we have evaluated
them with more specific tools and shown that depression and anxiety are probably the main
non-motor drivers of HRQoL in PD patients. Several other studies have also concluded that
NMSs were the main determinant factors for HRQoL [74, 79-81, 83, 149-150], and some have
specified depression and anxiety as the most important responsible factors for poor HRQoL in
parkinsonian patients [150-153]. PD severity and disability indicators such as ADL and level
of dependency have been commonly shown to be another important driver of worse HRQoL in
PD patients [76, 154], which is consistent with the independent role of UPDRS-ADL score
found in our investigation. Female sex as a risk factor for poorer HRQoL in PD has been
previously shown [83, 155-157], yet with some controversial findings in some other studies
[79, 82, 158]. Although a worse life quality in women with a chronic disease can be generally
attributed to the rather higher burden of depression and anxiety, our study demonstrated that
female sex remained an independent risk factor for poor HRQoL in PD even after adjustment
for psychiatric symptoms and their severities.

Using the concept of structural modeling, we demonstrated that the best hypothesized
structural causal model in the whole PD population consisted of motor, non-motor and
comorbidity components, which could explain up to 89% of the variance in HRQoL indicator.
UPDRS-Part II, UPDRS-Part III and falling were found to be the most important indicators for
the global motor component, while depression and psychosocial functioning were the strongest
indicators for the global non-motor component. As it is illustrated in Figure 11, anxiety had a
direct and strong effect on emotional well-being domain of HRQoL in PD patients and seemed
to be its main determinant. Our investigation revealed that nutritional status and fatigue played
a key independent role in the non-motor component to affect HRQoL in PD. Other motor and
gait complications such as dyskinesia, fluctuations and freezing were all independent indicators
of the global motor component in the pathway to affect HRQoL. However, a substantial
proportion of the overall contribution of motor symptoms in HRQoL was mediated through the
non-motor component. We found outstanding heterogeneities in the structural model of
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HRQoL in different PD phenotypes (Figure 12). Interestingly, the comorbidity component was
shown to be an important determinant of HRQoL only among those with either older-onset or
non-tremor-dominant PD. Among the patients with rapid progression PD, a chronicity
symptom such as fatigue was not a significant indicator of the non-motor section, while the
motor component had a larger direct effect on HRQoL. In contrast, the impact of motor
component on HRQoL was mostly mediated through the non-motor component, as the main
driver of HRQoL in slow-progressive PD. Contribution of global motor component in HRQoL
was remarkably different between the younger-onset and older-onset PD patients such that the
importance of direct effects of motor symptoms on HRQoL was three-time larger in younger-
onset patients. As an important marker of HRQoL, sleep disorders showed significant
contribution in the global non-motor component only among the older-onset, slow-progression

and non-tremor-dominant phenotypes.

So far, a few studies have used SEM to comprehensively evaluate the pattern of HRQoL in PD
[159-160]. In one study, depression had the largest contribution in HRQoL followed by axial
motor, gastrointestinal, and urinary symptoms, and psychosocial well-being showed a stronger
impact compared to physical functioning [159]. According to their recommended SEM, other
symptoms such as pain, psychiatric complications, motor symptoms, autonomic dysfunction,
motor complications and daytime sleepiness, indirectly affect HRQoL via psychosocial well-
being and ADL [159]. Using path analysis in another study, direct contribution of self care-
related factors such as functional disability and falls has been shown in HRQoL of people with
PD [160]. More recently, another SEM has been proposed in which depression and pain were
the main factors that could directly affect HRQoL in PD [161]. Even though different structural
models have been hypothesized, our findings on the general model are aligned with them. In all
SEMs, either functional disabilities or psychiatric well-being such as depression have been
pointed out as the most consistent factors associated with poorer HRQoL in PD patients.
Nevertheless, there are some differences in the list of variables that have been used to create
these models and none of them have compared the model between different PD phenotypes.
Some previous studies have compared HRQoL between younger-onset and older-onset PD
patients using regression analysis where more severe depression and more impaired emotional
domain of HRQoL have been shown in younger-onset PD patients [157, 162]. In line with
these findings, our study also demonstrated a more prominent role for depression in the global
non-motor component to affect HRQoL among PD patients with earlier age of onset.

5.2 Methodological considerations
5.2.1 Limitations

We acknowledge the limitations of our project that are categorized as the following topics:
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Study design: Cross-sectional design is the major obstacle for interpretation on
causality between the hypothetical exposures and outcomes. Therefore, we have
mostly concluded on associations and/or correlations. In study V, no causal
relationship could be concluded between nutritional status and its determinants
since the outcome of interest (malnutrition) and associated factors were all assessed
at the same time point. Therefore, it is not clear whether malnutrition is the cause or
the effect or in other words, “the chicken or the egg” [163]. In a cross-sectional
study, the relationship between PD symptoms and nutritional status remains
reciprocal. While poor management of PD symptoms can increase the risk of

malnutrition, poor dietary status can itself result in worse symptoms [73].

Generalizability: We used data collected from an outpatient Movement Disorder
Clinic in study I, study II, study 1V, study V and study VI. In this setting, fewer
patients with advanced stages of PD are usually recruited leading to a potential
selection bias that might restrict generalizability of the findings mainly to mild-to-
moderate PD patients. In study 111, one should consider that though Persians are the
major ethnic group, Tehran population is a mixture of different ethnicities
consisting of Persian, Azeri, Kurdish and even immigrant sub-populations namely
Afghan and Iraqi. As a result, our findings on the prevalence of parkinsonism are
more appropriately generalized to Iranian urban population as a geographic entity
rather than Persian ethnic group [42].

Internal validity: Due to limited resources, lack of a confirmatory assessment in a
phase II study by well-trained neurologists is the major weakness of study III. Even
though the screening instrument showed quite high diagnostic value, the positively
screened individuals for parkinsonism in study III still need to be re-evaluated by
expert neurologists for final diagnosis of parkinsonism following physical
examination. With respect to this limitation, all prevalence features in study I1I were
expressed as screening-detected suspicious parkinsonism. In study IV and study V,
no blood sample was collected to quantify serum indicators of malnutrition such as
albumin. Nonetheless, MNA is now considered as an innovative clinical instrument
that provides valid information on several aspects of nutritional status containing
four anthropometric measurements with no need for further blood tests and other
clinical evaluations [55]. MNA has been approved to assess nutritional status
mainly among the elderly people aged >65 yrs. Therefore, our data from younger
patients might not be as valid as those from the older ones resulting in an
information bias. However, in the validation study we showed that MNA could be a
valid instrument for younger individuals as well [113]. In addition, two other
studies have used MNA to assess nutritional status in participants with
approximately the same range of age as ours [60, 164]. In study VI, data on some
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other important PD-related features have been missed such as pain and RBD, which
might potentially affect HRQoL. Data validity could have been improved by using
more objective methods like polysomnography for sleep disturbances, blood
pressure measurement to detect orthostatic hypotension and a full
neuropsychological assessment for cognitive impairments. Nonetheless, we had
some resource, instrumental and time restrictions to perform all these measurements
that could be addressed for future studies on determinants of HRQoL.

Confounders: Although an age- and sex-matched control group was recruited for
comparisons of nutritional status with PD patients in study /V, the case group had
significantly higher educational level considering as a proxy for better
socioeconomic status that could have confounded nutritional comparisons. This
confounding effect might have compensated the potential influence of PD on
nutritional status compared to the normal condition. This might have probably
stemmed from the source of control selection. While controls were recruited from
educational hospitals with free services (patients’ relatives), the cases were selected
from an outpatient private clinic, which might have resulted in inconsistency of
socioeconomical status. Nevertheless, multivariate analysis showed no significant
difference in the average MNA score between PD patients and the controls even
after adjustment for the imbalance in educational level [55].

5.2.2. Strengths

The strengths of our project are as follows:

Comprehensive database: In study V and study VI, a broad list of variables
including demographics, comorbidity profile, motor and non-motor symptoms,
fatigue, full UPDRS, nutritional status and HRQoL was evaluated, which has
enabled us to consider numerous interactions, look for independent determinants
and increase the reliability and validity of our findings. In study VI and in addition
to the broad list of motor and non-motor features, comorbidity profile and
nutritional status were also included in our analysis, whereas these two important
determinants have been mostly ignored in previous studies on HRQoL in PD.

Large sample size and sampling method: A large number of inhabitants (n=19,500)
were recruited in the community-based door-to-door study through a well-designed
multistage sampling that covered the whole urban area of Tehran. Consequently, the
high statistical power and reliable representativeness of the samples have increased
the validity of our findings in study III. In other studies where data were collected
from the Movement Disorder Clinic, the recruited number of PD patients was
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between 110 and 157, which is considered approximately high compared to the
other similar studies on each topic.

*  Matched control group: In study IV, an age- and sex-matched control group was
used from the same community with similar socio-economic background to
compare the prevalence of malnutrition with that of the PD group. To the best of
our knowledge, our study is one of the few to recruit such a matched control group,
which has led to a more valid interpretation on the magnitude of malnutrition in

people with PD.

* Sophisticated statistical methods: In study II, we used the new statistical concept of
CUI introduced by Mitchell [126, 165] to improve the interpretation of screening
performance considering not only the diagnostic indices but also the occurrence of
that symptom [165]. This simple approach resulted in selection of the most valid
items, which globally demonstrated the best performance to screen parkinsonism. In
addition to the multivariate regression model, which is the most common method
that has been used to find determinant factors of HRQoL in PD [76], we also
applied SEM in study VI. With respect to statistical considerations, SEMs are
stronger models due to the ability of complex linkage between different components
through simultaneous regression equations, and taking into account inter-
relationships between predictor variables and observational errors from

measurement of latent variables [166], here motor and non-motor components.

* Fair comparison: In study Il where we attempted to compare different screening
instruments, a comprehensive questionnaire was made through merging all
previously developed tools consisting of 25 unique symptoms. Therefore, we were
able to implement discriminant performance of all questionnaires on the same
original database as our own new 6-item instrument was developed from. To the
best of our knowledge, it was the first time to perform such a fair comparison

between several screening tools for parkinsonism.
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6 CONCLUSIONS
6.1 General conclusion

Using our novel 6-item screening instrument with high diagnostic accuracy, we showed a
medium-to-high prevalence rate for suspicious parkinsonism in Iranian population living in the
urban area of Tehran, Iran. With respect to some general aspects of life in PD, almost a similar
nutritional status was found in mild-to-moderate PD patients and age- and sex-matched
controls from the same community. Nevertheless, approximately one third of the PD
population were either malnourished or at risk of malnutrition. Duration of PD, severity of
motor symptoms, depression, anxiety and fatigue associated with nutritional status in people
with PD. Different aspects of HRQoL were affected by nutritional status in PD patients,
especially the emotional well-being and mobility domains. Motor symptoms affecting ADL,
depression, anxiety and female sex were found to be the strongest independent determinants of
HRQoL in Iranian PD population. Clear heterogeneities were demonstrated in the structural
model to explain the pattern of HRQoL consisting of the list of determinants, contribution of
motor and non-motor components and the projection of different domains of HRQoL in PD
patients with different phenotypes regarding onset-age, progression rate and dominant features.

6.2 Specific conclusions

e Study I: The Persian version of the short-form PDQ (PDQ-8) is a reliable and valid
instrument to assess HRQoL in Iranian PD population. Although the reliability
coefficient of the PDQ-8 was lower than that of the long-form version (PDQ-39), it
is still a valid tool to assess different domains of HRQoL especially the mental,
emotional and behavioral aspects. Single items of the PDQ-8 were not necessarily
those with the highest internal consistency within the corresponding components of
the original PDQ-39, nevertheless, they entirely showed acceptable psychometric
properties with no need for the replacement of any item.

* Study II: Using the concept of CUI to select the best items, we developed a valid
and reliable new screening questionnaire for parkinsonism. This new 6-item
instrument was shown to have superior diagnostic values compared to the
previously developed questionnaires for screening of parkinsonian in community-
based surveys. This short questionnaire consists of six items that could be easily
administered by healthcare professionals in different age groups for screening of
parkinsonian patients with even early-stage of the disease.
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* Study III: Our estimation for the prevalence rate of parkinsonism is closer to the
reports from some European and Eastern Mediterranean countries, higher than
prevalence rates from Eastern Asian and African populations and lower than
Australia. In general, a prevalence rate of >200/100,000 for parkinsonism in the
urban area of Tehran, Iran is considered as medium-to-high. This prevalence rate
has been estimated for a huge metropolitan with potentially high risk of exposure to
pollutants, and other risk factors of urbanization.

* Study IV: Although similar nutritional status was found in mild-to-moderate PD
patients and healthy controls, approximately one third of them were either at risk of
malnutrition or malnourished. It seems that eating problems and nutritional
insufficiencies are more prevalent during the advanced stages of PD and among
hospitalized severe cases.

* Study V: Several non-motor features such as depression, anxiety and fatigue were
related to nutritional status in PD patients as well as indicators of disease severity
and level of morbidity. Regardless of patients’ age, longer disease duration
determined worse nutritional status. Different aspects of the HRQoL namely
mobility, ADL, emotional well-being, social support, cognition, communication and

bodily discomfort closely associated with patients’ nutritional score.

* Study VI: In general, ADL, depression, anxiety, and female sex were found to be
the strongest determinants of HRQoL in Iranian PD patients using multivariate
analysis. A comprehensive structural model has been also conceptualized for better
understanding of HRQoL in PD. This model clarified the role of global motor and
non-motor components and their most important indicators to affect HRQoL in
addition to the comorbidity burden as the main drivers. Clear heterogeneous
patterns were observed in patients with different phenotypes, which need to be
taken into account for future interventions to improve HRQoL in people with PD.
Based on our findings, more attention should be paid on the emotional well-being
and stigma domain of HRQoL in PD patients at the beginning of their diagnosis. PD
patients with younger-onset, older-onset, slow-progression, rapid-progression,
motor-dominant, and non-motor-dominant phenotype have noticeably different
causal pathways and determinants for HRQoL.
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7 RELEVANCE AND IMPLICATIONS

Our findings have the following direct and indirect clinical and/or research relevance, some of

which have been already implied and the others have potential implication:

Study I: In routine clinical practice with limited time, PDQ-8 is a practical and
informative instrument that could be administered both either the clinicians,
caregivers or PD patients themselves. Trans-cultural validation of the PDQ provides
a unique opportunity to use this instrument as an international scale to measure
improvements and/or changes in HRQoL as an important healthcare outcome in
multi-center studies on PD populations including international clinical trials. Other
than the PDQs, we validated the Persian-translated version of three other scales in
people with PD namely FSS, SCOPA-PS and MNA. So far, three different study
groups have contacted us for permission to use these validated Persian-translated

scales in their researches on Iranian PD patients.

Study I1: Our new screening instrument is a useful tool to estimate the prevalence of
cases suspicious of parkinsonism, which can be applied in future
neuroepidemiologic studies especially in poor-resource settings. We already used
this instrument in study III in order to screen individuals with parkinsonism and

estimate its prevalence rate.

Study III: Our study was the first attempt to estimate the prevalence of suspicious
parkinsonism in Iranian population. These findings are great sources for healthcare
policymakers in having evidence-based knowledge about the burden of
parkinsonism. It is worth noting that our estimation on the probable prevalence of
parkinsonism and PD in Iran has been already used as valid data source for the
section of neurodegenerative disorders of the “Global Burden of Disease (GBD)
Study 2013” project, the report which has been recently published as the global map
of all human diseases [167].

Study IV: Regarding the prevalence rate of nutritional insufficiency among PD
patients with even mild-to-moderate severity, it is reasonable to recommend
clinicians screening their patients in any stage for malnutrition through longitudinal
monitoring. Appropriate brief assessment tools such as the MNA together with
anthropometric measurements can be used for this purpose. Educating patients and
their caregivers about nutritional issues and recommending necessary and evidence-
based dietary interventions can be considered in multidisciplinary work-up of PD
patients to prevent and/or handle malnutrition. Findings from study IV on the



RELEVANCE AND IMPLICATIONS

prevalence of malnutrition in PD patients was released as relevant scientific news in
simple language to be used by the PD patients’ communities and their relatives as
well as other audiences who might be interested in this topic. The news was
published by the /OS Press on 11 September 2014 and is accessible through the
cited electronic link [168].

Study V: Our study was the first investigation looking for a better understanding of
nutritional status among Iranian PD patients. Assessment of nutritional status
should be considered in routine clinical practice of PD patients looking for risk of
malnutrition and its negative effects on daily quality of life especially among those
with more severe motor and non-motor features. More specifically, PD patients
with more severe depressive symptoms, severe anxiety, severe fatigue, more severe
disability with higher Hoehn and Yahr stage who are under a higher weight-
adjusted levodopa dose are more likely to develop malnutrition and may benefit
more from nutritional screening. Our findings raised further hypothesis whether the
individuals with insufficient nutrient intake in the past were more likely to present a
more severe course of PD, or if the presence of more severe PD symptoms can
hinder the capability and/or willingness to engage in appropriate nutritious meal
preparation and dietary behaviors.

Study VI: As one of the first studies so far, we have deeply investigated
heterogeneity in the pattern of HRQoL and the complex interactions between
several various determinants in PD patients with different phenotypes. Our findings
showed outstanding heterogeneities in the pattern and determinants of HRQoL
between different PD phenotypes. These factors should be considered during the
assessments and developing personalized interventions to improve HRQOL in PD
patients with different phenotypes or prominent features. In other words, each
person with PD must be evaluated for his/her more dominant phenotypic features,
and thereafter a personalized approach should be planned for further evidence-
based assessments and interventions according to the heterogenic findings for each
phenotype, some of which have been presented by our project.

72
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8 FUTURE DIRECTIONS

Based on our findings, the following specific directions and/or recommendations are proposed

for future research on this topic:

Y

2)

3)

4)

To further investigate the performance of the screening instrument for discrimination
between PD versus APs such as MSA, PSP, CBD drug-induced parkinsonism, vascular
parkinsonism and ET, studies with larger sample size of different APs are

recommended.

The rather medium-to-high prevalence rate of parkinsonism in Tehran, Iran needs to be
further investigated for underlying reasons. Moreover, national comparisons with rural
areas and between different Iranian ethnic groups are helpful to enlighten the
neuroepidemiologic picture of parkinsonism as well as contribution of genetic and

environmental factors in the incidence of parkinsonian syndrome.

Longitudinal studies with appropriate follow-up examinations of PD patients in
different stages including severe cases with advanced symptoms are needed to provide
a more complete and accurate picture of the nutritional status in PD. Afterwards, valid
causal relationships can be inferred to find modifiable exposures for future
interventions. Clinical trials are warranted to investigate the effects of nutritional

interventions on prognosis and HRQoL in PD patients.

Future studies to design, implement and assess the effects of multi-domain personalized
interventions for each PD patients according to his/her dominant phenotype are highly
demanded. The intervention should be designed individually targeting multiple
domains namely motor symptoms and complications, psychiatric features, sleep
disorders, autonomic disturbances, other NMSs, nutritional status and comorbidity
profile.
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Appendix 1. List of all questions and the selected items (bold font with star-marked number)
for the new screening instrument for parkinsonism used in study I1

Questions
Have you ever had episodes of unconsciousness-that is, not
understanding, not hearing, not seeing what was happening around
1 g g pp g 0Ol O O
you, and later not remembering what had happened during the loss
of consciousness?
2 | Have you ever had uncontrolled movements of your legs orarms? | O | O O
3 | Have there been serious changes in the way you speak? 0| O O
Has your face or part of your face ever been paralyzed for more
4 O O O
than 24 hours?
Has there ever been drooling from your mouth for more than 24
5 O O O
hours?
Have you ever had weakness in your arms or legs for more than 24
6 O O O
hours?
Have you ever had abnormal sensation as tingling, burning, or loss
7 | of feeling in your arms and legs for more than 24 hours or less time | O | O O
but more than once?
8* | Have you ever noticed stiffness in your legs? O O O
Have you ever had tremors of your head, arms, or legs that
9* O O O
lasted more than 1 day?
10 | Is your handwriting smaller than it once was? 0| O O
11 | Do you have trouble arising from a chair? O O O
12 | Is your voice softer than it once was? O O O
13 | Have you recently consulted a doctor about shoulder pain? O d O
14* | Do you have trouble buttoning buttons or dressing? O O O
15 | Do you shuffle your feet and/or take smaller steps when youwalk? | O | O O
16* Have you or others noted that you do not swing one arm when Ol o .
you walk?
17 | Is your balance poor? O O O
18* Do )fouf; feet seem to get stuck to the floor when walking or Ol o .
turning?
19 | Have you or others noted that you stoop or have abnormal posture? | O | O O
20 | Has your ability to smell changed? 0| O O
Do you have dreams that make you act by screaming or fighting in
21 O O O
your sleep?
22 | Do you have trouble concentrating or remembering? O O O
23* | Have you become slower in your usual daily activities? 0| O O
24 Id)lcc)1 ;)eople tell you that your face seems less expressive than it once Ol O 0
25 | Have you been unable to walk properly? 0| O O




