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SUMMARY 
 

This thesis presents a clinical study protocol investigating the potential benefits of medium-chain 
triglycerides (MCTs) as a nutritional intervention for individuals with Mild Cognitive Impairment 
(MCI) and sleep disturbances. The work begins by analyzing the biological and cognitive aspects of 
aging, with a focus on the pathophysiology and diagnosis of MCI and Alzheimer9s disease. It 
highlights the role of brain-derived neurotrophic factor (BDNF) in cognitive function and circadian 
rhythm regulation, emphasizing the impact of sleep disorders on neurodegeneration. The study 
explores how MCTs may serve as an alternative energy source for the brain in states of glucose 
hypometabolism, which are characteristic of MCI and early Alzheimer9s. A detailed methodology 
outlines patient selection, dietary protocols, neuropsychological assessments, biomarker analysis, and 
imaging techniques. The thesis also addresses broader issues such as the sustainability of healthcare 
systems in managing dementia. The ultimate goal is to evaluate whether MCT supplementation can 
improve cognitive and metabolic parameters and slow the progression of neurodegeneration. 

 
Riassunto 
Questa tesi presenta un protocollo di studio clinico volto a valutare i benefici di un intervento 
nutrizionale con trigliceridi a media catena (MCT) in soggetti affetti da decadimento cognitivo lieve 
(MCI) e disturbi del sonno. Dopo un9analisi dei meccanismi biologici e cognitivi 
dell9invecchiamento, viene approfondita la fisiopatologia e la diagnosi dell9MCI e del morbo di 
Alzheimer. Un9attenzione particolare è dedicata al ruolo del fattore neurotrofico BDNF nella funzione 
cognitiva e nella regolazione del ritmo circadiano, evidenziando l9influenza dei disturbi del sonno 
sulla neurodegenerazione. La tesi esplora il potenziale degli MCT come fonte energetica alternativa 
per il cervello in condizioni di ipometabolismo glucidico, tipico dell9MCI e delle prime fasi 
dell9Alzheimer. Il lavoro descrive in dettaglio la metodologia dello studio: selezione dei pazienti, 
protocolli dietetici, valutazioni neuropsicologiche, analisi dei biomarcatori e tecniche di imaging. 
Infine, viene affrontato il tema della sostenibilità del sistema sanitario nella gestione delle demenze. 
L9obiettivo è valutare se la supplementazione con MCT possa migliorare i parametri cognitivi e 
metabolici, rallentando la progressione della neurodegenerazione. 



1. INTRODUCTION 

The aging of the Italian population, as well as that of developed countries in general, represents one 

of the major challenges of the 21st century, with consequences across various social areas, including 

the economy, politics, healthcare, and social welfare. Due to socio-economic development, advances 

in medicine and education, and the increased availability of food and hygiene resources, Western 

countries have witnessed an increase in life expectancy over the past few decades. A population is 

considered aging when the average age surpasses the typical working-age reference point (Skirbekk, 

Staudinger & Cohen, 2019). However, the concept of aging should not be reduced merely to the 

chronological progression of life; it must be seen as a complex process involving biological, genetic, 

environmental, and behavioral dimensions (Ferrucci et al., 2020). Dementia is among the major 

causes of disability and dependency related to aging, representing an economic challenge both for the 

families of affected individuals and for national healthcare systems. Dementia is, in fact, the fifth 

leading cause contributing to the global burden of disease, with associated costs exceeding $1 trillion 

as early as 2018 (Grande et al., 2019). 

The World Health Organization (WHO) and Alzheimer's Disease International (ADI) have estimated 

that there are currently about 47 million cases of dementia worldwide, a figure expected to triple by 

2050 (Prince, 2017). One of the most studied aspects in the context of aging is the transition phase 

between normal cognitive decline and pathological forms of cognitive deterioration. In this context, 

Mild Cognitive Impairment (MCI) is recognized as an intermediate condition between normal aging 

and dementias such as Alzheimer's disease (AD) (Petersen, 1999). Given the increasing prevalence 

of dementing conditions in the elderly population, screening programs based on validated and 

effective evaluation tools are urgently needed (Grande, Qiu & Fratiglioni, 2020) 

 

1.1 AGING: BIOLOGICAL MECHANISMS 

 
Aging is a biological process that involves morphological, physiological, and psychological changes 

(Bengtson & Settersten, 2016). Already after the age of thirty, the human body undergoes changes 

that manifest at the physical level (skin, hair, weight, voice), the functional level (cardiovascular 

system, gastrointestinal system), and the sensory level (vision, hearing, taste, smell, temperature 

perception) (De Beni & Borella, 2015). It is important to emphasize that each biological change 

corresponds to an adaptive response, involving a phase of accommodation, recovery, and plateau 

(Flatt, 2012). The elderly individual experiences reduced physiological compensation (Ferrucci & 

Fabbri, 2018), leading to the accumulation of biological damage that compromises systemic and 

cellular functionality. 



Several mechanisms have been identified that contribute to aging: 

 
• Genomic Instability: Over time, the accumulation of somatic mutations and DNA damage 

accelerates cellular senescence, contributing to tissue degeneration. Lopez-Otin et al. (2013) 

stated that genomic instability is closely linked to distinctive signs of aging, including 

mitochondrial dysfunction and cellular senescence. 

• Telomere Shortening: Telomeres preserve the genetic information contained in 

chromosomes, playing a crucial role in genome integrity. They are located at the ends of 

chromosomes and shorten with each cell division. After continuous divisions, when the 

telomeric region reaches a critical point, cell division stops. Consequently, cells activate 

genetic programs such as replicative senescence. The accumulation of senescent cells 

accelerates organismal aging (Ovadya et al., 2014). Thus, telomeres are often considered a 

"molecular clock" (Lin et al., 2015). 

• Accumulation of DNA Damage: Genomic and mitochondrial DNA suffer multiple damages 

from endogenous factors like reactive oxygen species (ROS) and exogenous factors like UV 

radiation or X-rays. Persistent, unresolved damage promotes genomic instability, potentially 

leading to apoptosis (Roos WP et al., 2006) or cellular senescence (d'Adda di Fagagna, 2008). 

DNA damage is associated with epigenetic changes that accelerate aging (Dabin J et al., 

2016), and defective DNA repair mechanisms are linked to protein aggregation in the brain, 

contributing to cognitive decline and neurodegenerative diseases like Alzheimer9s and 

Parkinson9s (Weissman L et al., 2007; Sepe S et al., 2016; Obulesu M et al., 2010). 

• Mitochondrial Dysfunction: Mitochondria are responsible for cellular respiration and ATP 

production, the primary energy source for cells. Altered mitochondrial function initially 

triggers a compensatory response by increasing mitochondrial mass. However, dysfunctional 

mitochondria exhibit low membrane potential and fail to generate ATP effectively (Miwa S 

et al., 2022). This leads to increased ROS production, promoting cellular senescence and 

organismal aging (Passos JF et al., 2010). 

• Loss of Heterochromatin: Chromatin, the complex of DNA and proteins (mainly histones) 

within eukaryotic nuclei, can be classified as transcriptionally inactive heterochromatin and 

active euchromatin (Allshire RC et al., 2018). Aging is associated with a progressive loss of 

global heterochromatin, resulting in transcriptional silencing, genomic instability, and cellular 

senescence (Tsurumi A et al., 2012; Cheung P et al., 2018). 

• Stem Cell Depletion: Stem cells are unspecialized primitive cells capable of differentiating 

into various cell types. With aging, they lose their regenerative capacity, leading to decreased 

tissue and organ repair. This phenomenon has been observed across hematopoietic,



mesenchymal, and neural stem compartments (Culig L et al., 2022; Zhong X et al., 2023). 

Stem cell depletion is associated with increased age-related frailty (Sharpless & DePinho, 

2004). 

• Chronic Inflammation: Aging is associated with chronic low-grade inflammation, known as 

"inflammaging," as demonstrated by Franceschi et al. (2014). 

 
All these mechanisms are interconnected and collectively contribute to the aging process. 

Understanding them is crucial to developing strategies aimed at slowing aging and preventing related 

diseases 

 

 

1.2 AGEING AND COGNITIVE DECLINE 

 
Aging is not a single physiological process, but a complex phenomenon stemming from the evolution 

of adaptation. It inevitably involves a gradual decline in an individual's ability to respond to external 

environmental demands (Rose et al., 2012). This difficulty in adaptation can be analyzed both from a 

biological and cognitive point of view. From the biological standpoint, for example, sensory changes 

can manifest as a reduction in vision and hearing, with a consequent impairment of interaction with 

the surrounding environment. In addition, the circadian rhythm may also be altered, resulting in an 

inability to synchronize the sleep-wake cycle. 

At the brain level, with advancing age there are different changes, as studied by Temnes et al, in 2013, 

in fact, over time the brain tends to atrophy resulting in a decrease of cortical gray matter and loss of 

neurons. Brain atrophy, however, is not necessarily indicative of a cognitive disorder. According to 

the <use it or lose it= theory cited by Swaab in 1991, constant exercise of cognitive functions and 

activities aimed at consolidating memory promote new neural connections even in old age. 

This is because from the cognitive point of view, thanks to the aforementioned, compensatory 

plasticity mechanisms can be activated that guarantee a good cognitive and behavioral functioning 

even in elderly subjects (Cordella&Poiani, 2021). On the other hand, prolonged inactivity leads to a 

degeneration of some brain circuits (Cordella&Poiani, 2021).  

The World Health Organization (WHO) has highlighted that dementia is one of the main causes of 

disability in the elderly, and it differs from normal age-related cognitive decline due to its progressive 

and disabling course. The key to distinguishing a physiological detuning from a pathological one, 

therefore, lies in the evolution of the clinical picture: in the first case, the change is gradual without 

serious impairment of quality of life, whereas in the second case, the deterioration appears to be 

progressive, resulting in pathological cognitive decline (Papagno, 2007; Cahill S, 2019). 

 

 

 



In the latest edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), the term 

dementia has been replaced by the concept of neurocognitive disorder (NCD) (APA, 2013). NCD is 

recognised when there is a decline in at least one of the following cognitive domains: 

1) learning and memory 

2) Attention 

3) Executive functions 

4) Language 

5) Motor perception 

6) Social cognition 

The emergence of these deficits can affect both healthy and pathological subjects, and in this sense, 

the clinician9s task is to use validated neuropsychological batteries in order to accurately identify the 

pathological subject and thus make an accurate diagnosis (Sachdev et al., 2014, Blazer, 2013). 

 

1.3 MILD COGNITIVE IMPAIRMENT 

 
Mild Cognitive Impairment (MCI) was introduced to describe the intermediate area between intact 

cognitive functioning and clinical dementia (Petersen, 2014). The term was first introduced by 

Reisberg et al. in the 1980s and was used to identify patients who were in an intermediate stage of 

pathology  according  to  the  scores  obtained  from  the  Global  Deterioration  Scale. 

In 1999, Petersen further defined the concept of MCI based on clinical findings showing that some 

subjects with memory deficits did not meet the criteria for a diagnosis of dementia, although they 

exhibited a high risk of progression to it. Initially, the term MCI was closely associated with episodic 

memory impairment, but over time it became evident that cognitive decline could also involve other 

cognitive areas such as language or executive functioning. In 2003, at a Consensus Conference in 

Stockholm, new criteria were established for MCI by distinguishing between Amnestic-MCI (a- 

MCI), where the primary deficit is memory decline, and Non-amnestic-MCI (na-MCI), where the 

primary deficit concerns cognitive domains other than memory (Winblad et al., 2004). The 

inclusion of MCI in the DSM-5 (APA, 2013) consolidated the distinction made at the Stockholm 

conference, equating MCI to the broader category of mild neurocognitive disorders (NCDs). 

However, although MCI is often considered a pre-dementia condition, recent studies have shown that 

not all individuals with MCI progress to dementia. Koepsell and Monsell (2012) showed that about 

16% of individuals with MCI can return to a normal or near-normal cognitive condition, especially 

in cases of less severe MCI, characterized by higher scores on cognitive tests, less functional 

impairment, and the absence of the APOE4 allele. Nevertheless, even those who regain normal 

cognitive function remain at risk of redeveloping MCI or dementia within the following three years 

(Koepsell & Monsell, 2012). 



1.3.1 MCI AND CLASSIFICATIONS 

 
The growing focus in research on aging and neurodegenerative diseases has brought to light the need 

to further explore the topic of MCI. This need arises from the recognition that individuals with MCI 

have a high risk of progression to dementia in a relatively short time (Roberts & Knopman, 2013). 

Initially, MCI was described as a pre-dementia symptomatic phase, characterized by greater cognitive 

decline than expected by age and level of education (Petersen et al., 1999). However, the need for a 

more accurate characterization has led to the definition of sub-categories of MCI, which are essential 

for better understanding its evolution. 

As already described in the previous chapter, MCI was initially classified into: 

1) Amnestic MCI (a-MCI): the primary deficit concerns the cognitive domain of memory 

2) Non-Amnestic MCI (na-MCI): the deterioration concerns another cognitive domain such as 

language or visuo-spatial ability. 

These two categories are further subdivided according to the number of compromised cognitive 

domains: 

1) Single-domain MCI: cognitive impairment relates to a single area 

2) Multiple domain MCI: the deficit affects more cognitive areas (Winblad et al.,2004). 

The sub-categorization of MCI is fundamental for identifying the risk of conversion to a specific form 

of dementia and optimizing intervention and monitoring strategies (Luck T et al., 2012). 

A study by Manly et al. (2008) examined the incidence of MCI and the risk of progression to 

Alzheimer9s disease in a multi-ethnic population living in the United States. The study found that: 

• Advanced age and lower educational attainment are predictors of the onset of MCI. 

• Subjects with aMCI have a higher risk of developing AD. 

These findings have further reinforced the importance of early identification and classification of 

MCI, which are key elements for dementia risk management and implementation of preventive 

strategies. 

 

1.3.2 MCI AND DIAGNOSTIC CRITERIA 

 
Tackling cognitive decline is a challenge starting from the diagnostic phase. The formulation of a 

timely, accurate and specific diagnosis allows planning targeted interventions and appropriate care 

and support paths, involving the person and their family members, in all stages of the disease. The 

diagnosis of MCI is a gradual process, starting with the recognition of the condition in primary care 

centers or community settings. In these primary care settings, initial screening tests are typically 

administered, while more in-depth investigations are carried out in specialized neurological centers 

after the patient9s referral (Langa KM. et al., 2020). According to the updated guidelines of the 

American Academy of Neurology (AAN), it is necessary to assess modifiable risk factors and monitor 



cognitive progression over time, considering both neuropsychiatric symptoms and patient function 

(Petersen et al., 2018). There are numerous cognitive assessment tools available, which must be 

combined to obtain and accurate diagnostic picture. Initial cognitive screening often involves test 

with high sensitivity but lower specificity, such as: 

1) IQCODE TEST, a questionnaire that evaluates memory, orientation and executive functions, 

with a sensitivity of 97.9% and a specificity of 71.4% (Quinn et al., 2014). 

2) AD8 TEST, a self-assessment test with eight questions that investigate different cognitive 

domains, with 80% sensitivity and 70% specificity (Galvin JE. et al., 2007). 

3) Montreal Cognitive Assessment (MOCA): is a test administered by a trained clinician, such as 

a neuropsychologist or a neurologist. In particular, the MOCA is designed to investigate 8 

cognitive domains such as memory, executive functions, attention, language, visuospatial 

abilities, and orientation in time and space. The maximum score is 30 points but the cutoffs for 

identifying MCI may vary according to educational level: 

• 13 points: For illiterate individuals. 

• 19 points: For those with between 1 and 6 years of education. 

• 24 points: For those with 7 or more years of education. 

The degree of education, in fact, can influence cognitive performance and it is precisely for this reason 

that cutoffs are established to adapt the cognitive assessment. Patients who receive scores below the 

cutoff may have mild cognitive impairment. The strength of this test lies in its sensitivity, as it allows 

for the detection of even mild cognitive deficits but must be accompanied by a more specific test 

(Carson N et al., 2017). 

4) Addenbrooke9s Cognitive Examination Revised (ACE-R): a test of 15-20 minutes administered 

to the patient by an expert neuropsychologist. The test investigates different cognitive areas and has a 

maximum score of 100 divided into 18 points for the cognitive area of attention, 26 points for memory, 

14 points for verbal fluency, 26 points for language area and 16 points in visuospatial abilities. Cutoff 

values may vary according to level of education and generally, scores below 88 suggest the presence 

of cognitive decline (Mioshi E et al., 2006; Siciliano M et al., 2016). 

5) Attentional Matrices Test: this test uses the equivalent scoring system (ES). Once the test is 

completed, the equivalent scores are transformed into raw scores (number of correct answers in the 

test) taking into account also the age and level of education of the patient. An ES equal to 1 suggests 

mild or initial cognitive decline while an ES equal to 0 indicates dementia. If the patient has an ES 

score of 2, it should be monitored as the subject performs slightly below average. 

The tests described above should be implemented as mentioned, tests of greater specificity among 

them including: 

1) Memory Impairment Screen (MIS), which evaluates episodic memory through word recall and 

has a specificity of 93%-97% (Buschke H et al., 1999). 

 



2) Six Item Screener (SIS), which tests memory and orientation with a sensitivity of 86%-89% for 

dementia, but only 34% for MCI (Wilber ST et al., 2008). 

3) Clock Drawing Test (CDT), which measures visuospatial and executive functions, with 

sensitivity between 67%-98% for Alzheimer9s disease and 41%-85% for MCI (Rakusa M. et al., 

2018). 

4) Mini-Cog, which combines CDT with a word recall test, has a sensitivity between 76%-100% 

for dementia, but lower for MCI (Borson S. et al., 2000). 

5) Mini Mental State Examination (MMSE): This test is a 30-point questionnaire that evaluates 

different cognitive areas including orientation in time and space, memory, language and 

computational ability. Scores below 18 are indicators of significant cognitive impairment while 

scores between 18 and 24 indicate moderate to mild cognitive decline. Usually this test, more 

specific, is accompanied by the MOCA which, instead, has a higher sensitivity (Jia X et al., 

2021). 

 
The tests most commonly used in clinical practice are MOCA compared to ACE-R and MMSE. In 

the case where, thanks to the use of neurocognitive tests, an impairment of the mnestic area is 

ascertained, it can be chosen according to the criteria of Petersen (2004), for a single or multiple 

domain a-MCI based on the presence or absence of an involvement of a cognitive area other than 

memory. If the result of the cognitive test shows an impairment of a cognitive area other than memory, 

it can be determined the presence of single or multiple domain na-MCI. The task of the 

neuropsychological examination is therefore to determine the cognitive picture of the subject by 

distinguishing MCI from both physiological aging and other pathological conditions. The 

neuropsychological evaluation thus plays a crucial role in differentiating MCI from both normal aging 

and other pathological conditions. In addition to cognitive tests, imaging techniques play a crucial role 

in diagnosis. Magnetic resonance imaging (MRI) may reveal cerebral atrophy, especially of the 

hippocampus and medial temporal cortex, while fluorodeoxyglucoside PET (FDG-PET) can identify 

hypometabolism in affected brain regions (Zacková et al., 2021; Chandra et al., 2019). Transcranial 

magnetic stimulation (TMS), combined with EEG, allows patients with MCI to be distinguished 

from those with Alzheimer9s by assessing synaptic plasticity and cortical excitability (Chou et al., 

2022). The cerebrospinal fluid (CSF) analysis may provide further diagnostic information. Biomarkers 

such as beta-amyloid 42, reduced in Alzheimer9s patients, and phosphorylated tau protein, increased 

in neurodegeneration, may support differential diagnosis (Lefort-Besnard et al., 2023). 

 

 

 

 

 



1.3.3 RISK FACTORS 

 
The intermediate condition between normal aging and dementia, attributed to MCI, requires early 

diagnosis as well as identification of risk factors. As evidenced in numerous literature studies the risk 

factors can be classified as modifiable or non-modifiable (Roberts R et al., 2013). Non-modifiable 

risk factors are linked to genetics, sex and age while modifiable risk factors are clinical factors that 

can be treated to reduce the risk of developing MCI. 

Among the non-modifiable risk factors related to genetics, we find the polymorphism of allele 4 of 

apolipoprotein E (APOE4), a protein involved in lipid transport and neuronal repair. The mechanism 

by which ApoE4 increases the risk of MCI is altered brain network organization. Patients with 

polymorphism of allele 4 have reduced overall brain connectivity, increased hippocampal atrophy 

and greater ³-amyloid deposition than patients with MCI but not ApoE4 carriers. The ability to 

increase the deposition of ³-amyloid makes carrying patients more likely to develop Alzheimer9s 

disease (AD) (Sanabria-Diaz G et al., 2021). While we know that age can lead to cognitive decline, 

there is another non-modifiable factor, namely sex, there are conflicting views whether there is a 

higher prevalence of MCI in males than females but more scientific studies seem to lead to the 

hypothesis of a higher prevalence of mild cognitive decline in males ( Lopez OL et al., 2003; Petersen 

RC et al., 2010). 

Some clinical conditions may increase the risk of incurring MCI, these concern metabolic, vascular, 

inflammatory and lifestyle aspects (Menegon et al, 2024). Conditions such as hypertension, 

dyslipidemia, diabetes and obesity play a significant role in causing insulin resistance and systemic 

inflammation by promoting cognitive decline (Menegon et al., 2024). Recent studies have 

investigated the role of neuroinflammation by highlighting how a chronic inflammatory state leads to 

deleterious effects causing neuronal death (Comi C et al., 2017). The meta-analysis conducted by 

Bradburn S et al., in 2019, reports the presence of neuroinflammation in patients with MCI where it 

has been highlighted by PET, the Translocator ProteinTSPO, a mitochondrial protein highly 

expressed in activated microglial cells. The presence of TSPO is therefore an indication of 

neuroinflammation and oxidative stress. Psychological factors also play a key role in the development 

of MCI. Depression is considered one of the major predictors of cognitive decline. Studies in the 

literature show that using certain imaging techniques, it is possible to find in patients with MCI and 

depression a common atrophy in brain regions such as the insula, the upper temporal gyrus, The 

amygdala and hippocampus or all those areas of the brain important for memory consolidation and 

cognitive processing ( Chan JYC et al., 2019). In addition, social isolation resulting from depression 

reduces cognitive stimulation by increasing vulnerability to cognitive decline ( Brailean A et al., 

2017). Finally, two risk factors often underestimated are hearing loss which leads to social isolation 

and sleep disturbances which can lead to accumulation of proteins at the brain level resulting in 

neurodegenation (Hahn EA et al., 2014; Menegon et al, 2024). 



1.4 ALZHEIMER’S DISEASE: HISTORICAL 
BACKGROUND AND CLINICAL CLASSIFICATION 

 
In 1907, the neurologist Alois Alzheimer first identified a devastating neurodegenerative disease that 

later took its proper name of Alzheimer9s disease. The discovery of the pathology was based on 

studying the clinical picture of a 52-year-old woman who had a severe cognitive impairment of 

memory (Alzheimer, 1995). Today, AD is recognized as one of the most common dementias: more 

than 50 million people worldwide suffer from this disease. Due to advances in medicine and socio- 

economic development, the aging population has increased. As a result, it is expected, that by 2050 

the number of individuals affected by AD will triple (Mantzavinos V et al., 2017). 

Initially the diagnosis of Alzheimer9s was limited to the stage of dementia, when the patient presented 

a cognitive deterioration of sufficient severity to significantly impact on daily life, then they were 

given the diagnosis of Alzheimer9s (Jack CR et al., 2018). Subsequently, thanks to autoptic studies 

and biomarkers, the clinicians have highlighted as distinctive signs of the pathology, neurofibrillary 

tangles, senile plaques and loss of neurons (Dos Santos P et al., 2018). AD can be subdivided into: 

- Genetics: affects a minority of people, and is linked to three genes that encode the amyloid 

precursor protein (APP), presenilin 1 (PSEN1) and presenilin 2 (PSEN2). The genetic form 

usually has an early onset with clinical symptoms that may appear before age 65 (Long JM et al., 

2019) 

- Sporadic: with a late onset mainly because of environmental and metabolic factors such as 

cerebrovascular diseases, traumatic brain injury, smoking, obesity ( Hrelia P et al., 2020). 

Among the sporadic forms a relevant role is played by apolipoprotein E (ApoE) or a glycoprotein 

involved in lipid metabolism and neuronal repair. The APOE gene exists in three main allelic variants 

such as E2, E3 and E4. The last mentioned, is associated with a significant increase in the risk of 

developing AD. Subjects carrying the E4 allele, especially in homozygous condition, have a higher 

risk and an earlier clinical onset than non-carriers (Karch&Goate., 2015). This occurs because the E4 

allele promotes extracellular accumulation of ³-amyloid, interferes with neuronal clearance and 

contributes to mitochondrial dysfunction (Rostagno, 2023; Liu et al., 2013). Although the presence 

of ApoE4 is not a conditio sine qua non for the development of the disease, it represents a significant 

genetic risk factor for the sporadic form of the disease. (Liu CC et al., 2013). AD is a multifactorial 

neurodegenerative disease in which several elements, including genetic, environmental and 

behavioral factors, are involved. In recent years, it has become clear that the environment and lifestyle 

can play a key role in modulating the risk of disease onset and progression (Livingston G et al., 2020). 

A healthy diet, regular physical activity and an adequate sleep-wake rhythm are now recognized as 

modifiable preventive factors, potentially able to delay the onset of the disease (Chan X et al., 2022). 

 



1.4.1 PATHOGENIC MECHANISMS IN AD 

 
Alzheimer9s disease is a progressive neurodegenerative disease characterized by a complex 

interaction of biological events that develop over time, even years before the onset of clinical 

symptoms. The two main distinctive neuropathological signs are the extracellular accumulation of ³- 

amyloid (A³), which leads to the formation of senile plaques, and the intracellular aggregation of 

hyperphosphorylated tau protein, responsible for the formation of neurofibrillary tangles (NFTs) 

(Breijyeh Z et al., 2020). 

The amyloid hypothesis suggests that an increase in production or a reduced clearance of the peptide 

A³-especially of the A³42 form-is the origin of a neurotoxic process involving synaptic dysfunction, 

microglia activation and neuronal damage. In parallel, the tau hypothesis highlights the role of 

neuronal cytoskeleton disintegration and axonal transport impairment in cell death (Ferrari et al., 

2018). 

These processes are aggravated by concomitant phenomena, including chronic neuroinflammation, 

increased oxidative stress and mitochondrial dysfunction. Chronic activation of glial cells, especially 

microglia, contributes to a persistent inflammatory response that accelerates neurodegeneration 

(Zhang XX et al., 2021). In addition, the production of reactive oxygen species (ROS) and altered 

brain energy metabolism reduce neuronal efficiency and responsiveness to physiological stimuli. 

These molecular mechanisms do not develop uniformly in all patients, but are modulated by genetic, 

environmental and systemic factors. Current and experimental treatments aim to address these 

processes, which is why understanding the pathogenic mechanisms of Alzheimer9s is an essential 

basis for developing effective therapies. 

 

1.4.2 DIAGNOSTIC CRITERIA 

 
In recent years, the way of diagnosing Alzheimer9s disease has evolved considerably from a purely 

clinical view to an integrated approach that includes biological markers, neuroimaging techniques 

and functional evaluation (Jack et al., 2011). The first diagnostic criteria, developed in 1984 by the 

NINCDS-ADRDA group, were based on a rigid clinical pathological model, where the definitive 

diagnosis could only be made post-mortem (McKhann et al., 1984). Due to the advancement of the 

scientific field, it has emerged that the correspondence between clinical picture and biological 

alterations is not always linear: asymptomatic subjects may still show a significant amyloid deposition 

typical of AD, while other subjects with cognitive symptoms may not exhibit the typical pathology 

of Alzheimer9s (Jack et al., 2011). This observation has led researchers to distinguish between clinical 

diagnosis, based on observable symptoms, and biological diagnosis, based on the direct identification 

of neuropathological alterations through biomarkers, even in subjects still asymptomatic (Jack et al., 

2018). Traditionally, clinical diagnosis was based on the observation of obvious cognitive and 



functional symptoms, assessed by neuropsychological examinations. The biological diagnosis, on the 

other hand, allows detecting the presence of the disease before the onset of symptoms, through 

specific markers detected with imaging techniques or analysis of cerebrospinal fluid. This paradigm 

shift has made it possible to anticipate the diagnosis, making thus enabling to identify those at risk 

and to intervene early. 

The expansion of neuropathological knowledge and the availability of biomarkers led the National 

Institute on Aging (NIA) and the Alzheimer9s Association (AA) to propose a first revision of the 

criteria in 2011 (Jack et al., 2011), followed by a substantial update in 2018, where Alzheimer9s 

disease is defined according to a biological structure based on three categories: A (amyloid), T (tau), 

N (neurodegeneration) (Jack et al., 2018). Specifically, category A refers to the presence of amyloid- 

beta substance detectable via PET or through the assay of the A³ 42 peptide in cerebrospinal fluid; 

the T refers to the presence of phosphorylated tau protein, which can also be measured by 

cerebrospinal fluid analysis or PET imaging; while N, or neurodegeneration, is observed through 

markers such as hippocampal atrophy on structural MRI or hypometabolism on FDG-PET (Jack et 

al., 2018). This system, known as AT(N), represented a fundamental change: it not only allows the 

disease to be identified even in asymptomatic individuals, but above all offers a more solid basis for 

differential diagnosis, distinguishing Alzheimer9s more precisely from other forms of dementia and 

prodromal conditions such as Mild Cognitive Impairment (MCI) (Jack et al., 2024). For example, a 

subject who is positive for A and T but does not yet show obvious signs of neurodegeneration (N-), 

could be in an amnestic stage of MCI at evolutionary risk, while the addition of N+ would strengthen 

the hypothesis of concluded Alzheimer. 

In parallel with the evolution of diagnostic criteria, research has moved towards the evaluation of less 

invasive peripheral biomarkers. Although cerebrospinal fluid (CSF) and PET examinations provide 

excellent diagnostic accuracy, their use in clinical practice is still limited by high costs and logistical 

difficulties (O'Brien JT et al., 2015). For this reason, in recent years there has been increased interest 

in blood biomarkers such as the A³ 42/A³ 40 ratio, plasma phosphorylated tau (p-tau), neurofilament 

light chain (NfL) and ³ secretase activity (BACE1) (Zetterberg H et al., 2013; Hampel et al., 2018) 

The combined use of these markers, together with clinical and neuropsychological evaluation, could 

represent a breakthrough in the early identification and monitoring of disease progression, especially 

in general medicine or prevention settings. 

 

 

 

 

 

 



1.5 OVERVIEW: OTHER DEMENTIAS 

 
As described above, Mild Cognitive Impairment (MCI), the prodromal state of dementia, can be either 

mnestic or non-mnestic. Mnesic MCI is more likely to evolve into Alzheimer9s disease, while the 

non-mnestic form may anticipate other dementias such as vascular dementia, Lewy body dementia 

and frontotemporal dementia. These conditions, which occur frequently in old age, can coexist in the 

same individual, generating mixed clinical pictures (Gale et al., 2018). As mentioned above, the 

prodromal state of dementia, defined as Mild Cognitive Impairment (MCI), can manifest itself in a 

mnestic or non-mnestic form, with a different profile of evolution. The mnestic form is most likely 

associated with progression to Alzheimer9s disease, while the non-mnestic form may precede other 

forms of dementia. In this context, it is useful to distinguish between primary dementias, which 

include Alzheimer9s (AD), Dementia with Lewy Bodies (DLB) and frontotemporal dementia (FTD), 

and secondary dementias, such as vascular dementia. Alzheimer9s represents about 50-60% of 

dementia cases and is characterized by insidious onset, episodic memory deficit and progressive 

global cognitive deterioration (McKhann et al., 2011). Lewy body dementia is the second most 

common cause and is characterized by marked cognitive fluctuations, recurrent visual hallucinations 

and early extrapyramidal signs, sharing many clinical and neuropathological features with 

Parkinson9s Disease (McKeith et al., 2017). Frontotemporal dementias, more frequent in younger, 

presenile individuals, are heterogeneous both for clinical manifestations and for pathogenic 

mechanisms, and include variants with predominance of behavior and forms with primary language 

disorder. At the pathological level, severe atrophy of the frontal and temporal lobes is observed, 

involving the insular cortex (Rascovsky et al., 2011). Vascular dementia, on the other hand, cannot 

be classified as neurodegenerative because it arises from ischemic or hemorrhagic cerebrovascular 

events that compromise the integrity of brain tissue. It can occur as a result of a single acute event, 

multiple infarctions or a chronic process related to small vessel disease, and often coexists 

with other neurodegenerative diseases, generating mixed clinical pictures (O'Brien & Thomas, 2015). 

The growing complexity of clinical profiles, combined with the heterogeneity of underlying 

etiopathogenic mechanisms, requires an increasingly integrated and personalized diagnostic 

approach. In a clinical landscape oriented towards early diagnosis and precision medicine, a clear 

distinction between the different forms of dementia is a key element to improve diagnostic accuracy, 

optimize therapeutic strategies and plan a care path adapted to the specific characteristics of the 

patient (Gale et al., 2018). 

 

 

 

 



1.6 DEMENTIA AND SUSTAINABILITY OF THE 

NATIONAL HEALTH SYSTEM: AN INCREASING 

WEIGHT 

 
The increasing aging of the population and the consequent increase in the prevalence of 

neurocognitive pathologies, determine an increasing pressure on the National Health System (NHS). 

If in 2019 over 57 million people worldwide were living with a diagnosis of dementia, by 2050, 

according to the Global Burden of Disease Study, 152 million will be reached (GBD 2019 Dementia 

Forecasting Collaborators, 2022). This demographic-health trajectory is likely to result in a significant 

economic impact, both for public healthcare facilities and for the family care fabric especially 

especially regarding AD which represents 50% of dementia. Due to a modelling study, Velandia et al 

in 2022, estimated that the global health expenditure directly attributable to dementia amounted to 

263 billion dollars in 2019, a figure that is expected to increase since the average annual growth in 

2000 was 4.5%. It can be estimated that by 2050, health expenditure on dementia could reach 1600 

billion dollars corresponding to 11% of the world9s health expenditure and, in scenarios with high 

intensity of treatment, up to 17%. Although home care is still the predominant modality, 80% of the 

total expenditure is absorbed by residential services, which are significantly more expensive than 

community-based services. These data highlight the urgent need for health policies that encourage 

sustainable home-based care models, in line with the World Health Organization9s Global Action 

Plan on the Public Health Response to Dementia 2017-2025 (WHO, 2017). In the Italian context, 

where the incidence of Alzheimer9s and dementia is constantly increasing and the population over 80 

accounts for a growing share of the total, NHS faces a structural sustainability challenge. The high 

rate of underdiagnosis, estimated at up to 50% in early stages, the chronicity of clinical evolution and 

the constant increase in long-term care demand make strategic medium- to long-term planning 

essential (Bruno G et al., 2018; WHO, 2021). In the absence of curative treatments, the economic 

burden is determined not only by direct costs related to diagnosis, drug management and health 

facilities, as well as by indirect costs such as loss of productivity, Unpaid informal care and the 

psychological burden on caregivers (Wimo et al., 2017). These burdens, often invisible in the official 

budgets, constitute a substantial component of the overall socio-economic weight of dementia, and 

place the issue of its sustainability at the forefront of the national health debate. Current projections 

show that, in high-income countries, per capita expenditure on dementia exceeds $180 a year, while 

in low-income countries it is less than $1. However, it is in middle-income settings, including Italy, 

that we observe the fastest growth, driven by an aging population and improved diagnostic capabilities 

(Velandia et al., 2022). For the NHS, this translates into a progressive pressure which, if not addressed 

with structural interventions, appropriate investments and long-term strategies, risks compromising 

equity, The quality and sustainability of care services for people with dementia. In the light of these 

considerations, it is clear that the strengthening of primary and secondary prevention policies, 



focusing on the control of modifiable risk factors and early diagnosis, It is an essential lever not only 

to contain the impact of dementia on public health, as well as to ensure the long-term sustainability of 

the system. Due to the numerous studies carried out on the human brain in recent decades, we now 

know that this complex organ is composed of about 100 billion neurons and over 100 trillion synapses, 

through which travel signals that constitute the cellular basis of memories, emotions, thoughts, 

feelings, movements and abilities (Pacitti et al., 2019). Neurotropins, a family of proteins essential for 

growth, survival, differentiation and neuronal plasticity, play a key role in these processes. These 

molecules regulate both the development of the nervous system during embryogenesis and the 

maintenance of its structural and functional integrity in adulthood, acting at both central (CNS) and 

peripheral (PNS) levels (Skaper, 2018). 

 

 

 
 

 
FIG.1 Death rate from Alzheimer9s disease in Italy and Europe between 1980 and 2021 (per 100,000 inhabitants). The graph illustrates 

a continuous and significant increase in mortality due to Alzheimer9s and other forms of dementia across the decades. In particular, 

Italy shows a steeper rise compared to the European average: from approximately 32 deaths per 100,000 people in 1980 to over 110 in 

2021. In contrast, the European average increased more moderately, reaching about 60 per 100,000. This divergence highlights the 

growing impact of Alzheimer9s in Italy, likely influenced by demographic aging, improved diagnostic capabilities, and national 

reporting differences. The trend underscores the urgency of implementing preventive strategies and long-term care models, especially 

in countries facing accelerated population aging (https://ourworldindata.org/grapher/death-rate-from-alzheimers-other-dementias- 

gbd?tab=chart&country=OWID_EUR~ITA) 



2. NEUROTROFINS: GENERAL STRUCTURE AND 

FUNCTIONS 

 
The pathogenic mechanisms underlying Mild Cognitive Impairment (MCI) and its progression to 

dementia are complex and multifactorial. A central element in these processes is neuroplasticity, 

defined as the brain9s capacity to reorganize itself by forming new neural connections. A key family 

of proteins, known as neurotrophins, plays an essential role in regulating neuronal growth, survival, 

and plasticity. Understanding their function provides a crucial link between the biological 

mechanisms of aging and potential intervention strategies. The first neurotrophine identified was the 

Nerve Growth Factor (NGF), discovered and characterized in the early 1950s by Rita Levi-Montalcini 

and Stanley Cohen, in one of the fundamental experiments of modern neurobiology (Levi-Montalcini, 

2000). NGF plays a key role in the regulation of neuronal differentiation and modulation of the release 

of neurotransmitters such as acetylcholine, which is essential for the maintenance of the cholinergic 

neurons of the basal proencephalon, involved in learning and memory processes (Mufson et al., 2019). 

In addition to NGF, other neurotrofins play specific and complementary roles. In 1989, Yves-Alain 

Barde and Hans Thoenen isolated the Brain-Derived Neurotrophic Factor (BDNF).  

This important neurotrophine is particularly abundant in the CNS, with high expression in structures 

such as the hippocampus, prefrontal cortex and thalamus. It is involved in the regulation of synaptic 

plasticity, neurogenesis and long-term potentiation mechanisms (LTP), fundamental for learning and 

mnemonic consolidation (Lu et al., 2014; Allen et al., 2013). Neurotrophin-3 (NT-3) and 

Neurotrophin-4/5 (NT- 4/5), on the other hand, are involved in the development of spinal connections 

and the regulation of myelination (Skaper, 2018). The neurotrofins exert their biological action 

through interaction with specific receptors of the cell surface: in particular, the tyrosine-kinase 

receptor family Trk (TrkA, TrkB and TrkC) and the common receptor p75NTR. Trk receptor binding 

activates intracellular pathways such as Ras/MAPK, PI3K/Akt and PLC´, promoting neuronal 

survival, axonal growth and synaptic plasticity. In contrast, stimulation of p75NTR, in the absence of 

concomitant trophic signals, can induce apoptosis and dendritic remodeling (Allen et al., 2013; 

Kowianski et al., 2018). The expression of neurotrofins is finely regulated by environmental and 

behavioral factors. Physical activity, nutrition, sleep, cognitive stimuli and stress levels can modulate 

gene expression and the release of neurotrofins, in particular BDNF, demonstrating the close 

interaction between experience and brain plasticity (Marosi et al., 2014). Not surprisingly, alterations 

in the levels of these molecules have been found in numerous pathological conditions, including 

neurodegenerative diseases such as Alzheimer9s (AD) and Parkinson9s (PD), as well as major 

psychiatric disorders, including depression, anxiety and schizophrenia (Castrén & Monteggia, 2017). 

To date, neurotrofins therefore play a key role in understanding the cellular mechanisms underlying 

cognitive function and neurological and psychiatric vulnerability. Among these, the Brain-Derived 

Neurotrophic Factor (BDNF) is distinguished by its wide involvement in the processes of synaptic 



plasticity, memory and circadian regulation, key elements in the context of neurocognitive alterations 

such as Mild Cognitive Impairment. 

 

2.1 BRAIN DERIVED NEUROTROPHIC FACTOR 

 
BDNF is a neurotrophine crucial for neuronal survival, synaptic plasticity and modularity of synaptic 

efficacy, it is therefore involved in the brain development and cognitive processes of adults (Lu et al., 

2014). It is particularly expressed in the hippocampus, prefrontal cortex and thalamus, regions used 

for cognition and emotional regulation. BDNF expression is particularly high in brain regions key to 

cognition and emotional regulation, such as the hippocampus, prefrontal cortex and thalamus. 

At the molecular level, BDNF is first synthesized as pre-proBDNF in the endoplasmic reticulum 

subsequently translocated to the Golgi complex where it is converted into the precursor form 

proBDNF. Following specific cellular signals, proBDNF may be further split into the mature 

biologically active form (mBDNF) (Mowla et al., 2001; Mizui et al., 2016). This maturation process 

can occur through two distinct mechanisms: constitutive release and activity-dependent release. 

In the constitutive release, the proBDNF cleavage occurs at the intracellular level, in the trans-Golgi 

network, by furin, or within secretory vesicles by regulated convertases. This mechanism ensures a 

continuous supply of BDNF and is crucial for basal neuronal survival (Lu et al., 2005; Foltran & 

Diaz, 2016). In activity-dependent release, proBDNF is secreted into the extracellular space and 

converted to mBDNF there by the action of plasmin activated by tissue plasminogen activator (tPA), 

or of the extracellular matrix metalloproteases, in particular MMP-2 and MMP-9 (Pang et al., 2004; 

Hwang et al., 2005; Huntley GW et al., 2012; Vafadari et al., 2016; Mizui et al., 2016). 

The two BDNF isoforms have different functions; mBDNF binds to the tyrosine-kinase TrkB 

receptor, activating intracellular signaling pathways such as PI3K/Akt, MAPK/ERK and PLC´, which 

promote neuronal survival, axonal growth and long-term enhancement (LTP) (Reichardt, 2006; Allen 

et al., 2013). In contrast, proBDNF interacts preferentially with the p75 NTR receptor, promoting 

long-term synaptic depression (LTD) and, in some contexts, cell apoptosis. 

The BDNF gene is highly regulated and has a complex structure consisting of 11 exons and at least 9 

functional promoters, which respond to different physiological stimuli including synaptic activity, 

calcium input and oxidative stress (Lu B et al., 2014). The expression of BDNF is activity-dependent: 

learning and intense synaptic activity activate the promoter associated with exon III through the 

transcription factor CREB, thus increasing local synthesis of BDNF (Lu, B et al., 2003). In addition, 

BDNF mRNA can be transported into dendrites and translated locally into active synapses, in line 

with the "synaptic tagging" mechanism, which allows for the synaptic selectivity of plasticity (Lu, B 

et al., 2003). Another clinically relevant element is the polymorphism Val66Met, which alters 

vesicular transport and regulated secretion of BDNF, resulting in a reduction in hippocampal volume 

and episodic memory impairment, even in healthy subjects (Castrén & Monteggia, 2017). 



2.2 ROLE OF BDNF IN MCI AND AD 

 
BDNF regulates neuroplasticity, neuronal survival and synaptic transmission playing a key role in the 

cognitive process (Lu et al., 2014). Its action, in fact, is more pronounced in the brain areas related to 

memory and learning, such as the hippocampus and prefrontal cortex. The BDNF gene is highly 

regulated but the regulatory system is extremely sensitive to conditions of oxidative stress, systemic 

inflammation and sleep deprivation, Frequently observed factors, in the context of age-related 

cognitive decline and neurodegenerative diseases (Miranda M et al.,2019; Angelucci et al., 2010). 

Common in elderly people and patients with cognitive impairment, interfere with BDNF promoter 

activation mediated by the CREB (cyclic AMP response element-binding protein), reducing its 

expression and altering the hippocampal synaptic circuits (Miranda M et al.,2019; Angelucci et al., 

2010; Leßmann & Brigadski, 2009). This reduction contributes to early synaptopathy, which precedes 

and accompanies neurodegeneration. In the context of Mild Cognitive Impairment (MCI) and 

Alzheimer9s disease (AD), numerous studies have documented reduced levels of BDNF, both in brain 

tissue and peripheral fluids. Kim et al. (2017), in a meta-analysis of over 3,000 subjects, observed 

that in patients with AD, the peripheral levels of BDNF are significantly lower than controls, Whereas 

in subjects with MCI there is a variability related to the stage and the probability of progression. In 

particular, in subjects with MCI that later evolve into Alzheimer9s, peripheral levels of BDNF are 

significantly reduced, suggesting the possibility of using this neurotrophine as a predictive biomarker 

for conversion in the early stages of neurodegeneration (Kim et al., 2017). From the functional point 

of view, this reduction is associated with impairment of synaptic plasticity, lower dendritic spine 

density and altered long-term potentiation (LTP), as demonstrated in mouse models with dysfunction 

of the SIRT1-BDNF axis, in which the recovery of BDNF expression restores neuronal activity and 

improves cognitive performance (Wu et al., 2024). In addition, functional polymorphisms of the 

BDNF gene, such as Val66Met, are associated with deficits in mBDNF secretion and reduced 

activation of TrkB, factors that increase vulnerability to cognitive decline even in healthy subjects 

(Lim YY et al., 2013; Egan et al., 2003). In parallel, non-pharmacological therapeutic approaches 

such as multi-component exercise have been shown to be effective in increasing BDNF levels in 

patients with MCI and mild dementia. Wang et al. (2020) reported, through a systematic review, that 

such interventions are associated with an increase in BDNF and significant improvements in 

executive function and attention. Overall, the available data suggest that a reduction in BDNF levels, 

central to maintaining synaptic plasticity and hippocampal function, is a recurrent feature in patients 

with MCI and AD. The plasma and serum variations of neurotrophine are related to cognitive 

impairment and, in some cases, to the likelihood of conversion from MCI to dementia, highlighting 

the potential of BDNF as a biological indicator of pathological progression. 

 

 



2.3 CIRCADIAN RHYTHM AND SLEEP: BDNF IMPLICATION 

 
Every living being has a circadian rhythm, an internal physiological cycle that repeats approximately 

every 24 hours and regulates vital activities such as sleep, hormonal secretion, body temperature, 

metabolism, and blood pressure (Xu et al., 2005; Takahashi JS., 2017). In humans, the main 

regulatory center of this system is the suprachiasmatic nucleus (SCN), a group of neurons located in 

the anterior hypothalamus, just above the optic chiasma. This central pacemaker coordinates the 

circadian rhythm through environmental signals, mainly light, received by the retina via a 

subpopulation of ganglion cells containing melanopsin (melanopsin-expressing retinal ganglion cells, 

mRGCs), which transmit light information to the Suprachiasmatic Nucleus (SCN) through the 

retinohypothalamic tract (Scammell TE et al.,2017; Herzog et al., 2017). At the molecular level, the 

generation of circadian rhythm is based on a self-regulating transcriptional and translational feedback 

(TTFL) circuit. The CLOCK-BMAL1 heterodimeric complex activates the transcription of the Period 

(PER1/2) and Cryptochrome (CRY1/2) genes, which encode proteins capable of forming repressive 

complexes. Once accumulated in the cytoplasm and translocated in the nucleus, PER and CRY 

proteins inhibit the activity of the CLOCK-BMAL1 complex, closing the transcriptional cycle with a 

periodicity of about 24 hours (Panda, 2016). 

The synchronization between the central clock (SCN) and the peripheral clocks in almost all cells of 

the organism takes place through neural, hormonal and metabolic signals. This integration ensures 

the temporal consistency of biological functions at a systemic level (Herzog et al., 2017). A crucial 

role, among the functions regulated by the circadian system, is played by sleep. In response to the 

dark, the pineal gland secretes melatonin which promotes relaxation and sleep. Sleep is a 

physiological mechanism that is divided into two main phases, the REM phase (Rapid Eye 

Movement) and the no-REM phase (NREM), which alternate cyclically in ultra tradiane sequences 

of 90 minutes (Meyer et al., 2022; Casagrande et al., 2022). These phases are characterized by 4 types 

of waves, first high frequency then low frequency. Literature studies have shown that during NREM 

sleep, particularly in deep phases characterized by low frequency delta waves (slow-wave activity, 

SWA), significant memory consolidation and synaptic maturation is observed (Mason et al., 2021). 

During the NREM phase, and in particular during slow-wave activity (SWA), synaptic activity 

is observed which aims at stabilising functional neuronal connections. Preclinical studies have shown 

that BDNF plays a key role in this process, facilitating the transformation of transient synaptic activity 

into stable and lasting modifications (Tononi & Cirelli, 2006). In contemporary society, prolonged 

exposure to light and artificial sources, particularly blue light emitted by electronic devices, together 

with the increase of stress factors related to lifestyles, contributed to a progressive deterioration of 

sleep quality in the general population (Brunborg GS et al., 2011). In sleep deprivation conditions, 

BDNF production is drastically reduced, resulting in impaired synaptic plasticity and cognitive 

functions, as demonstrated by reduced expression of BDNF mRNA and deficit in memory 



consolidation processes (Vecsey et al., 2009). This relationship is particularly evident in the context 

of chronic stress and insomnia, where there is a deregulation of the hypothalamo-pituitary-surrene 

axis (HPA) with a consequent increase in cortisol and a reduction in serum levels of BDNF, both in 

animal models and in patients with insomnia (Ditmer M et al., 2023). BDNF is also a key mediator 

between synaptic activities induced by wakefulness and the subsequent homeostatic response of 

sleep: the degree of expression of BDNF during wakefulness is directly related to the intensity of 

slow-wave activity (SWA) observed in the NREM phase, suggesting that BDNF contributes to the 

regulation of "sleep pressure" (Huber et al., 2007). Genetic studies indicate that the polymorphisms 

of the BDNF gene Val66Met also affect sleep architecture: Met variant carriers show a significantly 

altered SWA compared to Val/Val homozygotes, both at baseline and after sleep deprivation 

(Bachmann et al., 2012). Finally, the most recent results support a biphasic model of stress response 

on BDNF: whereas acute stress or short-term deprivation may induce a compensatory increase in 

BDNF, chronic stress and persistent sleep loss lead to a marked reduction in its levels, with long-term 

negative effects on mental and cognitive health (Duman RS et al., 2006). 

 

2.4 SLEEP DISORDERS IN THE MCI 

 
During the aging process, a physiological alteration of the circadian rhythm occurs, resulting in 

fragmentation and reduction of sleep efficiency (Naismith et al., 2010). As described in the previous 

paragraph, slow-wave activity (SWA) represents the typical electrophysiological manifestation of the 

slow-wave sleep phase (SWS), and is commonly used as an index of sleep depth and homeostatic 

pressure (Riedner BA et al., 2007). In particular, it has been shown that slow wave sleep (SWS), 

which is essential for the consolidation of memory and synaptic plasticity, tends to decrease 

significantly after age 60, almost disappearing (Carskadon & Dement, 2011). Numerous evidence 

suggest that sleep quality is closely related to cognitive function in the elderly, and in particular to the 

diagnosis of Mild Cognitive Impairment (MCI). The study by Rodrigues et al. (2022), conducted on 

a sample of 289 uninstitutionalized elderly subjects (41.5% with MCI), showed through path analysis 

that poor sleep quality is significantly associated with a higher probability of receiving a diagnosis of 

MCI. Winer JR et al. (2019) have also shown that a selective slow wave sleep reduction is already 

observable in MCI, suggesting an early involvement of homeostatic sleep mechanisms in cognitive 

impairment. In recent years, the role of SWS has also attracted increasing attention for its function in 

the clearance of amyloid beta (A³). Studies on animal and human models have shown that increased 

deep sleep is associated with reduced levels of A³ in the interstitial and cerebrospinal fluid, while sleep 

deprivation (both acute and chronic) increases amyloid load (Kang JE et al., 2009; Shokri- Kojori E et 

al., 2018). Significantly higher levels of cerebral A³ were found in elderly subjects with shorter sleep 

duration and subjectively worse quality (Spira AP et al., 2013), suggesting that sleep represents an 

active modulator in the pathophysiology of Alzheimer9s disease. The relationship between sleep and 



A³ appears to be bidirectional: the accumulation of A³ may in turn impair sleep quality by reducing 

time spent in NREM and REM phases, as observed in mouse models with overproduction of APP/A³ 

(Roh JH et al., 2012). The interruption of SWS is associated with an increased expression of A³, 

while the loss of diurnal fluctuation of A³ levels is considered to be an early signal of glioblastic 

system dysfunction, a brain clearance system that uses perivascular channels to remove waste 

products, including A³, mainly during deep sleep (Xie et al., 2013). Alterations of the SWS have also 

been observed in subjects with Subjective Cognitive Decline (SCD), that is those who perceive a 

cognitive decline even in the absence of objective deficits. Jo KJ et al., in 2024 showed that, subjects 

with A³-positive SCD have a significant reduction of time spent in SWS compared to A³-negative 

subjects, confirming the early vulnerability of deep sleep to early neurodegenerative processes. 

Overall, these data reinforce the hypothesis that SWS is a critical stage in slowing cognitive decline 

by acting as a biological barrier against toxic accumulation of misfolded proteins. Maintaining a 

healthy sleep architecture, in particular the SWS, could therefore be an important protective factor in 

preventing MCI and Alzheimer9s, emphasizing the value of sleep as a modifiable risk factor within 

multidimensional preventive strategies (Livingston G et al., 2020; Ngandu T et al., 2015). 

 
 
 

 
FIG.2 The diagram illustrates the connection between sleep deprivation, circadian dysfunction, and the development of Alzheimer9s 

disease. Sleep deprivation leads to disruptions in the sleep cycle and circadianrhythms, contributing to neurodegeneration. Circadian 

dysfunction, characterized by increased cortisol, decreased melatonin, reduced sleep, and heightened wakefulness, results in glucose 

hypometabolism and increased amyloid accumulation, both of which are linked to Alzheimer9s pathology. This visual highlights the 

critical role of sleep and circadian regulation in neurodegenerative processes 



3. MEDIUM-CHAIN TRIGLYCERIDES 

 
Medium chain triglycerides (MCTs) consist of a glycerol molecule esterified with three medium chain 

fatty acids (MCFA), characterized by hydrocarbon chains with a length between 6 and 12 carbon 

atoms (St-Onge MP et al., 2002). The most representative MCFA in MCTs include caproic acid (C6), 

caprylic acid (C8), capric acid (C10) and lauric acid (C12) (Heydinger & Galante, 2020). Compared 

to long-chain triglycerides (LCTs), MCTs show higher water solubility, lower molecular weight and 

better fluidity at body temperature, characteristics that facilitate absorption and digestion. At the 

intestinal level, MCTs are rapidly hydrolysed by gastric and pancreatic lipase, without the need for 

preliminary emulsification by bile salts, unlike LCTs (Bach & Babayan, 1982). The released MCFAs 

are absorbed by the intestinal mucosa and transported directly to the liver through the portal vein. 

This bypass of the lymphatic system accelerates the metabolic availability of MCTs. Within 

hepatocytes, MFCAs enter the mitochondria without requiring carnitine-dependent transport, making 

their ³-oxidation extremely rapid and efficient (McCarty & DiNicolantonio, 2016). Hepatic 

catabolism of MCTs leads to the production of ketone bodies, including ³-hydroxybutyrate, 

acetoacetate and acetone, which can act as an alternative energy substrate for the brain, heart and 

skeletal muscle. This process is particularly relevant in conditions of low carbohydrate brain 

metabolism, such as those observed early on in subjects with MCI and Alzheimer9s (Cunnane et al., 

2016). Unlike LCTs, MCTs are poorly re-esterified in triglycerides and tend not to accumulate in 

adipose deposits, resulting in less lipogenic (McCarty & DiNicolantonio, 2016). In addition to the 

energy role, some MCFA show complementary biological properties. It has been observed that lauric 

acid and its derivatives, such as monolaurin, possess antimicrobial activity and may affect the 

intestinal microbiota (Wang Yet al., 2022). In addition, recent studies suggest that MCTs may 

improve mitochondrial function and contribute to the reduction of oxidative stress and systemic 

inflammation, which are relevant factors in the pathophysiology of neurodegenerative diseases (Neth 

et al., 2020). 

Overall, MCTs can be said to represent a lipid source that is metabolized in an atypical way compared 

to other dietary fats. Their rapid conversion into ketone bodies and limited tissue deposition make 

them particularly attractive for nutritional and clinical applications, In particular in the conditions 

associated with cellular energy dysfunction such as cerebral hypometabolism in MCI and AD 

conditions (Fortier et al., 2021). 



3.1 GLUCOSE HYPOMETABOLISM IN NEURODEGENERATION 

 
The adult human brain is made up of about 100 billion neurons, each with long branches forming 

synaptic connections with other neurons. These synapses allow rapid transmission of signals and 

enable the formation of functional circuits which form the cellular basis for memory, thought, sensory 

perceptions, emotions, movements and learned skills. Although the brain only accounts for 2% of 

total body weight, it consumes about 20% of the body9s metabolic energy (Raichle, M. E., & Gusnard, 

D. A. 2002). This energy is critical for processes such as nerve impulse transmission, protein synthesis 

and maintenance of membrane potential (Oyarzabal et al., 2019; Falkowska A et al., 2015). Glucose 

is the main energy substrate of the brain (Mergenthaler et al., 2013). It crosses the blood-brain barrier 

(BBB) via specific transporters such as GLUT1 and GLUT3. Once entered the brain, glucose is 

metabolized through glycolysis, with production of ATP, which represents the main source of energy 

for neuronal activity (Burillo et al., 2021). In many neurodegenerative diseases, including 

Alzheimer9s disease (AD), Parkinson9s disease and epilepsy, there is a brain-level insulin resistance 

condition. This resistance compromises the use of glucose at the neuronal level (Adlimoghaddam et 

al., 2019; Castellano et al., 2017). One of the main consequences is the increase in activity of glycogen 

synthase kinase 3³ (GSK-3³), an enzyme involved in tau protein phosphorylation, which under 

insulin resistance conditions becomes hyperphosphorylated (Lauretti et al., 2020). Under 

physiological conditions, tau contributes to microtubule stabilization; if hyperphosphorylated, it alters 

the organization of the cytoskeleton, favoring synaptic disconnection. In addition, the accumulation 

of hyperphosphorylated tau can be aggravated by an altered function of the autophagic-lysosomal 

system, responsible for its degradation (Hamano et al., 2008). Similar mechanisms also influence the 

metabolism of the amyloid precursor protein, leading to the accumulation of ³-amyloid (Vidoni et al., 

2016). These neurotoxic aggregates activate the immune response of the brain, especially the 

microglia, which tries to eliminate them. However, chronic stimulation of the microglia can induce 

neuroinflammation and brain atrophy (Hansen et al., 2018). In summary, the alteration of 

carbohydrate and protein metabolism leads to the accumulation of toxic aggregates, which increase 

oxidative stress and inflammation, compromising the homeostasis of nervous tissue. Hypometabolism 

of carbohydrates in Alzheimer9s disease has been extensively documented by imaging techniques 

such as 18FDG- fluorodeoxyglucose (FDG-PET) (Drzezga A et al., 2008). As mentioned above, MCI 

represents a prodromal stage of Alzheimer9s disease. Although patients remain autonomous in daily 

activities, neuropsychological tests show a clear decline in specific cognitive domains. Studies with 

FDG-PET have shown that, even in the early stages of MCI, the cerebral metabolism of glucose is 

already impaired (Morbelli S et al., 2015), particularly at the level of the medial temporal region 

(including the hippocampus), the entorhinal cortex and the precuneus (Mosconi et al., 2010). 

 

 



3.2 WARBURG EFFECT AND ALZHEIMER 

 
Glucose metabolism is the main mechanism by which eukaryotic cells generate energy. Glucose is 

initially processed in the cytosol by glycolysis, a universal metabolic pathway divided into ten 

enzymatic reactions leading to the formation of two pyruvate molecules, with a net yield of two ATP 

and two NADH per glucose molecule (Mergenthaler et al., 2013). Under normal mosses, pyruvate 

enters the mitochondria where it is converted into acetyl-CoA, entering the Krebs cycle and feeding 

the electron transport chain. This process, known as oxidative phosphorylation (OXPHOS), can 

produce up to 30-32 ATP molecules, making it the most efficient mechanism for generating energy 

(Papaneophytou, 2024). 

However, some cells, such as erythrocytes, activated immune cells and especially cancer cells, show 

a preference for glycolysis even in the presence of oxygen, converting pyruvate into lactate through 

lactate dehydrogenase A (LDH-A). This phenomenon, known as the Warburg effect or aerobic 

glycolysis, enables rapid ATP production and maintenance of the redox balance through the 

regeneration of NAD+, also favouring the availability of metabolic intermediates for biosynthesis 

(Warburg, 1956; Vander Heiden et al., 2009; Liberti & Locasale, 2016). The Warburg effect is now 

recognized as a strategic adaptation in cellular contexts characterized by high proliferation, hypoxia 

or oxidative stress, also manifesting itself in non-cancerous cells under specific conditions (Abdel- 

Haleem et al., 2020; Barros et al., 2020). 

While in the oncologic context aerobic glycolysis is functional to proliferation, in the 

neurodegenerative field we observe an opposite adaptation, which reflects a different balance between 

energy demand and oxidative capacity, called inverse Warburg effect. According to the entropic 

hypothesis, Alzheimer9s involves a negative selection of neurons with high synaptic and metabolic 

efficiency, with the progressive survival of cells less performing but more resistant to stress 

(Demetrius & Simon, 2012; Demetrius et al., 2015). This compensatory mechanism, while it allows 

neurons to maintain energy homeostasis, amplifies the production of ROS and oxidative stress, 

contributing to neuronal degeneration (Burillo et al., 2021; Neth et al., 2020). Neuroimaging studies 

with FDG-PET have shown the presence of a hypometabolism of glucose already in the early stages 

of AD and Mild Cognitive Impairment (MCI), with an early involvement of the hippocampus, 

precuneus and entorinal cortex (Mosconi et al., 2010; Morbelli et al., 2015). This pattern is consistent 

with a reduced efficiency of glucose transport and utilization at the neuronal level, aggravated by the 

dysfunction of the ANLS mechanism (astrocyte-neuron lactate shuttle), which under normal 

conditions provides lactate to neurons as an alternative energy substrate (Bélanger et al., 2011; 

Cunnane et al., 2020). The resulting lack of energy substrates and accumulation of mitochondrial 

damage induce a selective change in neuronal metabolic order. The dysfunctional neurons that survive 

because of OXPHOS upregolation become dominant, progressively contributing to the loss of highly 

functional neurons and synaptic impairment (Demetrius et al., 2015). In parallel, the energy imbalance 



promotes the accumulation of ³-amyloid and hyperphosphorylated tau, feeding a vicious circle 

involving neuroinflammation, oxidative stress and degeneration (Lauretti et al., 2020). 

In summary, the paradigm of the inverse Warburg effect proposes an alternative reading of the 

physiopathology of AD, shifting attention from protein alterations to the impairment of brain 

bioenergetic circuits. This perspective opens new therapeutic scenarios based on the restoration of 

neuronal metabolism, such as the use of alternative substrates (e.g. ketones), mitochondrial support 

and glial metabolism modulation (Fortier et al., 2021). 

 

3.3 EFFECTS OF THE WESTERN DIET ON ALZHEIMER’S 
PATHOGENESIS 

 
In recent decades, the Western Diet (WD) has spread globally, becoming one of the predominant food 

models in industrialised countries. This diet is characterized by a high intake of simple sugars, 

saturated fats, refined carbohydrates, salt and ultra-processed foods, often low in fiber, antioxidants 

and essential micronutrients (Imamura F et al., 2010). Growing scientific evidence suggests that the 

Western Diet not only promotes metabolic conditions such as obesity, type 2 diabetes and metabolic 

syndrome, as well as acts as a potent low-intensity chronic systemic inflammation activator 

(inflammaging) (Więckowska-Gacek et al., 2021). This prolonged inflammatory state is a common 

pathogenic factor in many chronic-degenerative diseases, including neurodegenerative disorders. In 

particular, it has been shown that the Western Diet is associated with an increased risk of developing 

Alzheimer9s disease (AD), acting through mechanisms involving metabolic alterations, 

neuroinflammation and dysfunctions of the gut-brain axis (Więckowska-Gacek et al., 2021; 

Dissanayaka et al., 2024). In addition to promoting the accumulation of amyloid and 

hyperphosphorylated tau plaques, a diet rich in processed foods and simple sugars was significantly 

correlated with an increase in the incidence of Mild Cognitive Impairment (MCI), especially in people 

with metabolic disorders such as type 2 diabetes (Shengdan Pu et al., 2024). WD alters the 

composition of bacterial flora, causing dysbiosis, increased intestinal permeability and systemic 

passage of toxic metabolites and pro-inflammatory cytokines, which can cross the blood-brain barrier 

(BBB) and trigger inflammatory responses at the brain level (Dissanayaka et al., 2024). In particular, 

there is a reduction of beneficial bacteria such as Faecalibacterium prausnitzii and Eubacterium, and 

an increase of pro-inflammatory strains such as Escherichia/Shigella and Alistipes spp. , related to 

markers of cerebral amyloidosis and cognitive alterations (Cattaneo et al., 2017; Vogt et al., 2017). 

The alteration of the intestinal microbiota linked to the western diet affects the production of short- 

chain fatty acids (SCFAs) and neurotransmitters such as GABA, disrupting the brain9s neurochemical 

balance. In addition, the reduction of SCFAs, especially butyrate, compromises the health of the 

intestinal barrier and immune regulation, aggravating neuroinflammation (Sun et al., 2019). 

Recent studies show that alternative diets such as the Mediterranean or ketogenic diet, based on fiber, 



unsaturated fats and polyphenols, are associated with increased microbial diversity, reduction of 

systemic inflammation and protection against cognitive decline (Dissanayaka et al., 2024; Fortier et 

al., 2021). 

 

 

4. MATERIALS AND METHODS 

 
In clinical practice, patients with suspected mild cognitive impairment (MCI) access specialist 

services following a referral by the general practitioner or after an initial assessment by the 

geriatrician or neurologist. Once the clinical suspicion has been detected, the patient is taken in by a 

multidisciplinary team specialised in cognitive impairment assessment, typically composed of 

neurologists, geriatricians, neuropsychologists and, when necessary, clinical nutritionists. The 

diagnostic path involves a detailed anamnestic and clinical framework, followed by a structured 

neuropsychological assessment through standardized tests. To support the diagnosis, laboratory tests 

and instrumental examinations are often required, such as positron emission tomography (PET) for 

brain metabolism. Management is not limited to the diagnostic aspect, as well as includes longitudinal 

monitoring of the patient, with personalized interventions aimed at slowing cognitive decline and 

functional support. 

This work is part of the clinical research aimed at evaluating the impact of dietary supplementation 

with medium-chain triglycerides (MCT) in subjects recently diagnosed with mild cognitive decline 

(MCI). Patients involved in the study are usually referred to the Centre for Cognitive Disorders and 

Dementia (CDCD) of the SS Hospital. Antonio, Biagio and Cesare Arrigo from Alessandria, on the 

recommendation of the general practitioner or after a first geriatric and/or neurological evaluation. 

Once taken care of, patients follow a multidisciplinary diagnostic and therapeutic path, involving 

professionals such as neurologists, geriatricians, neuropsychologists and clinical nutritionists, To 

define the cognitive and metabolic framework and identify a possible personalized approach. 

 

4.1 NUTRITIONAL COUNSELING IN THE PATIENT WITH MCI 

 
Nutritional counselling represents a key moment in the management of patients with MCI, especially 

in terms of prevention and metabolic support. In line with the literature, the recommended diet is the 

Mediterranean diet, for its proven anti-inflammatory and neuroprotective properties. Patients undergo 

a thorough initial dietary assessment that includes: collection of food history using a detailed 24-hour 

recall method, anthropometric measurements (weight, height, BMI, abdominal circumference), and 

screening for malnutrition (NRS 2002). The daily energy requirement is estimated using the Harris-

Benedict formula. The MedDiet Score is also calculated to assess adherence to the Mediterranean 

diet. Regarding the Nutrition Risk Screening 2002 (NRS-2002), validated for the identification of 



nutritional risk in hospital settings, as well as applicable in outpatient settings in frail or elderly 

subjects (Kondrup et al., 2003). It evaluates two main components: the patient9s nutritional status 

(weight loss, reduced food intake, BMI) and the severity of the acute or chronic disease, finally 

integrating an additional point for patients aged over 70 years. A total score of 3 indicates the presence 

of nutritional risk and justifies the initiation of specific nutritional intervention. In the context of MCI, 

where cognitive decline may influence self-management of nutrition, early identification of 

nutritional risk is crucial to avoid metabolic complications, loss of lean mass and worsening of 

cognitive performance (Rojer et al., 2023; Cederholm et al., 2019). 

Another tool used in the nutritional assessment of patients with MCI is the MedDiet Score (MDs), a 

validated index that measures individual adherence to the Mediterranean dietary model. The score is 

based on the frequency of consumption of 11 key food groups: fruits, vegetables, legumes, whole 

grains, fish, olive oil, red meat, dairy products, wine, sweets and sugary drinks (Panagiotakos et al., 

2007). For each component, a score of 0 to 5 is given, where the highest scores indicate an intake 

more in line with the Mediterranean model for healthy foods, or less frequent for those to be restricted. 

The total score can range from 0 to 55, with higher values associated with a higher degree of 

adherence. In the context of MCI, increased adherence to the Mediterranean diet has been associated 

with slower cognitive decline and a lower risk of progression to dementia, presumably because of the 

combined effect of antioxidant nutrients, mono- and polyunsaturated fatty acids, and bioactive 

compounds in plant foods (Scarmeas et al., 2006; Petersson & Philippou, 2022). 

 

4.2 FOOD INTEGRATION WITH MCT: PRODUCTS USED 

 
The clinical protocol includes nutritional supplementation with products containing medium-chain 

triglycerides (MCTs), supplied by Dr. Schär through its specific Kanso line. Dr. Schär is a leading 

European company in the field of medical and specialised nutrition with long-standing experience in 

the production of dietary foods for special clinical needs. The Kanso line is specially formulated to 

support patients with fatty acid oxidation disorders, lipid malabsorption, resistant epilepsy and 

neurological pathologies treated with a ketogenic diet. 

In this study, three products from the Kanso range were selected, different in shape and taste, to 

facilitate adherence and food variety: 

- Kanso MCT Oil 100%: Oil made exclusively of medium chain triglycerides, derived from palm 

fat and coconut. It is a pure source of MCT fatty acids (mainly C8 and C10), highly bioavailable 

and quickly converted into ketone bodies, offering alternative energy at the brain level. It is free 

of proteins and carbohydrates and suitable to enrich savory or sweet dishes. 

- Kanso DelíMCT Tomato: A ready-to-use tomato sauce, with a 3:1 ketogenic ratio and containing 

approximately 28 g of MCT per 100 g. It consists of water, MCT oil, tomato pulp, vegetable fibers 



and natural spices. It is particularly suitable for enriching first courses and savoury dishes, 

guaranteeing practicality and palatability without renouncing the functional lipid contribution . 

- Kanso DelíMCT CacaoBar: high-fat (ketogenic ratio 4.8:1) cocoa bar containing MCT, protein, 

fibre and sweeteners. Ideal as a sweet snack to support compliance, it is a welcome alternative 

especially in patients with reduced appetite or tendency to weight loss. 

These products, formulated as foods for special medical purposes, must be used under medical 

supervision. Their dosage is defined by the dietitian or doctor according to individual needs, with a 

gradual progression to minimize gastrointestinal side effects (e.g. osmotic diarrhea or swelling). The 

variety of forms (oil, sauce, sweet snacks) is designed to promote the customization of nutritional 

intervention and improve the sustainability of the diet in the long term. 

 

4.3 COGNITIVE EVALUATION IN THE MCI PATIENT 

 
In the management of patients with Mild Cognitive Impairment (MCI), neuropsychological 

assessment is essential for defining the cognitive profile and determining clinical classification. 

Patients undergo a standardized battery of cognitive tests, typically administered by an experienced 

neuropsychologist. However, these assessments can also be conducted in clinical settings by trained 

neurologists or other qualified healthcare professionals. The test battery includes the Mini-Mental 

State Examination (MMSE), the Montreal Cognitive Assessment (MoCA), and specific memory tasks 

such as the Rey Auditory Verbal Learning Test (RAVLT). The Trail Making Test (TMT A and B) is 

used to assess attention and cognitive flexibility, and the Clock Drawing Test offers a quick, 

integrative evaluation of visuospatial and executive functions. 

The MMSE, despite its widespread use in clinical practice for general cognitive screening, has limited 

sensitivity in detecting the subtle deficits typical of MCI. For this reason, it is supplemented by the 

MoCA, which has demonstrated greater accuracy in identifying early cognitive impairment 

(Nasreddine et al., 2005). The combined use of these tools ensures a more comprehensive and reliable 

cognitive profile, enabling better tracking of cognitive status over time. 

Functional and behavioral aspects are evaluated using validated questionnaires. Sleep quality and 

daytime sleepiness are assessed through the Pittsburgh Sleep Quality Index (PSQI) and the Epworth 

Sleepiness Scale (ESS). Depressive symptoms, which may affect cognitive performance, are 

evaluated with the Geriatric Depression Scale (GDS). The patient9s perceived quality of life is 

measured using the Quality of Life in Alzheimer's Disease (QoL-AD) scale. 

In addition to quantitative results, the neuropsychological interview provides key qualitative insights, 

including the patient9s awareness of deficits, impact on daily functioning, and any compensatory 

strategies employed. These elements are fundamental in designing tailored interventions aimed at 

preserving residual functions and promoting overall cognitive well-being (Clare & Woods, 2004). 

 



4.4 HAEMATOCHEMICAL ANALYSIS AND DETERMINATION 

OF β-HYDROXYBUTYRATE 

 
The protocol includes monitoring of specific haematochemical parameters (complete blood count 

(CBC) with formula, fasting blood glucose, hemoglobin A1c, basal insulinemia, total cholesterol, 

high-density lipoprotein (HDL), triglycerides, creatinine, blood urea nitrogen (BUN), uric acid, 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase 

(GGT), albumin, total protein, throid-stimulating hormone (TSH), triiodothyronine (T3), thyroxine 

(T4) ), both for diagnostic purposes and to evaluate the effectiveness of nutritional intervention with 

medium chain triglycerides (MCT). In particular, special attention is paid to the determination of ³-

hydroxybutyrate (BHB), the main circulating ketone body, considered a direct marker for the 

activation of ketogenesis. 

³-Hydroxybutyrate is determined from venous blood samples collected in tubes containing potassium 

fluoro-oxalate or EDTA, usually under fasting conditions of at least 8 hours. The sample is then 

analysed by automated spectrophotometric enzymatic methods, which are based on oxidation of BHB 

to acetoacetate by ³-hydroxybutyrate dehydrogenase, with concomitant reduction of NAD to NADH. 

The intensity of the spectrophotometric variation (measured at 340 nm) is proportional to the 

concentration of BHB in the sample (Yang et al., 2019). 

Physiological values of ³-hydroxybutyrate in non-fasting or non-ketogenic subjects are generally 

<0.3 mmol/L. As part of dietary interventions containing MCTs, an increase up to 0.5-1.0 mmol/L is 

an indication of efficient activation of the alternative metabolic pathway, suggesting that MCTs have 

been converted into ketone bodies and made available as a brain energy substrate (Cunnane et al., 

2016). This is particularly relevant in the context of Mild Cognitive Impairment (MCI), where 

cerebral hypometabolism can be partially compensated by using ketones as an alternative energy 

source. ³-Hydroxybutyrate is measured at the screening visit and at the end of treatment (6 months), to 

assess stability and individual response to surgery. Any side effects or clinical deviations are recorded 

in parallel, in order to correlate the biochemical course with the functional and cognitive status of the 

patient. 

 

 

 

 

 

 

 



4.5 BRAIN IMAGING USING FDG-PET 

 
Positron emission tomography with 18F-fluorodessiglucose (FDG-PET) will be used as a functional 

brain imaging tool in the protocol. The examination is performed at baseline to assess glucose 

metabolism in the main cortical areas involved in cognitive disorders, particularly the hippocampus, 

precuneus, entorinal cortex and medial temporal lobe (Mosconi et al., 2010; Morbelli et al., 2015). 

PET is performed at rest, after at least 6 hours of fasting, and after intravenous administration of 185- 

370 MBq (5-10 mCi) of FDG.  

The images are acquired 30-45 minutes after injection using high resolution PET-CT tomography. 

The data obtained are analysed by means of dedicated software, with comparison with age-specific 

regulatory databases. The FDG-PET allows to identify patterns of brain hypometabolism typical of 

early stages of Alzheimer9s, and is a validated biomarker useful also in monitoring the effect of 

nutritional interventions in patients with MCI (Drzezga et al., 2008; Pagani et al., 2015). 

 

 

5. RESULT 

 
This section presents in detail the experimental protocol carried out as part of this PhD project. The 

clinical trial, entitled "Effect of medium chain triglyceride supplementation on cognitive function and 

sleep quality in subjects with mild cognitive impairment: an open-label randomized clinical study", 

has been designed with the aim of investigating targeted nutritional strategies that can support brain 

function in the early stages of cognitive impairment when preventive treatment can offer maximum 

benefit. In recent years, several studies have pointed out that the brain of people with MCI has a 

reduced ability to use glucose for energy purposes, a condition known as cerebral hypometabolism 

(Cunnane et al., 2016; Mosconi et al., 2010). This deficit represents a potential therapeutic target that 

can be modified, and has paved the way for alternative strategies based on the administration of 

metabolic substrates capable of bypassing the glycolytic pathway. Among these, medium chain 

triglycerides (MCTs) are considered particularly promising for their ability to physiologically 

increase hepatic production of ketone bodies including ³-hydroxybutyrate (BHB), which can be used 

by neurons as an alternative energy source to glucose (Fortier et al., 2021; Yang et al., 2019). 

The protocol described here represents the main product of the research activity carried out during 

the PhD, and has the objective to test, in a controlled clinical context, the impact of MCT integration 

on two central domains for the well-being of the subject with MCI: cognitive function and sleep 

quality. The decision to include sleep assessment is because of a growing focus on the role of deep 

sleep in amyloid beta clearance and in the regulation of synaptic plasticity (Xie et al., 2013; Jo et al., 

2024), relevant aspects in the pathophysiology of neurodegeneration. 



 

ABSTRACT 

 
Mild Cognitive Impairment (MCI) is an early stage of cognitive decline associated with an increased 

risk of developing Alzheimer9s disease (AD). Among the modifiable risk factors, sleep disorders and 

metabolic dysfunctions play a key role in accelerating neurodegenerative processes. Medium chain 

triglycerides (MCTs) provide an alternative energy source for neurons, overcoming the difficulties in 

glucose metabolism often encountered in people with MCI. In addition, MCT supplementation could 

regulate circadian rhythms and improve sleep quality, both of which are key to cognitive health. On 

these grounds, we hypothesize that appropriate nutritional interventions in the early stage of MCI 

could delay the onset, mitigate the symptomatology and reduce the risk of progression toward AD. 

Here, we propose a randomized controlled trial to evaluate the impact of a Mediterranean diet 

enriched with MCTs on cognitive performance and sleep quality in MCI patients. The study involves 

120 participants, divided into two groups: a control group to follow the Mediterranean diet and an 

intervention group that will follow the same diet supplemented with 30g/day of MCT. Primary 

outcomes include assessment of cognitive function and sleep quality. To this end, specific tests such 

as MoCA, ACE, and CDR will be employed to determine, among others, attention, memory, fluent 

speech, space-time orientation, problem-solving abilities, and conceptual thinking. Sleep quality will 

be assessed using Pittsburgh and Epworth scales. To corroborate the primary findings, secondary 

objective data will be collected that include biochemical markers of ketone metabolism, neuroimaging 

(FDG-PET) and regulation of circadian rhythms. Through the analysis of the interaction between 

MCT metabolism, sleep and cognitive function, the study aims to offer new perspectives on non-

pharmacological strategies to slow cognitive decline and improve quality of life in the elderly 

population. 

 

RATIONALE, HYPOTHESIS AND OBJECTIVES OF THE CLINICAL 

TRIAL 

 
Mild Cognitive Impairment (MCI) represents an intermediate clinical phase between physiological 

aging and dementia and is now considered a crucial window for preventive strategies (Petersen et al., 

2001). Several studies have shown that in the early stages of MCI, brain glucose metabolism is 

significantly impaired. This impairment is associated with regional hypometabolism and reduced 

mitochondrial oxidative efficiency, particularly in areas such as the hippocampus and entorhinal 

cortex (Mosconi et al., 2010; Morbelli et al., 2015). In this context, the use of alternative metabolic 

substrates, such as ketone bodies derived from medium-chain triglycerides (MCTs), has been 

proposed as a complementary strategy to support neuronal activity and mitigate the progression of 

cognitive decline. Once ingested, MCTs are rapidly hydrolyzed in the gastrointestinal tract and 



metabolized in the liver to produce ³-hydroxybutyrate (BHB), which can cross the blood3brain barrier 

and be utilized as an energy source by neurons, even in conditions of glucose deficiency (Fortier et 

al., 2021; Cunnane et al., 2016). 

Despite growing evidence supporting the neuroprotective role of ketone bodies, controlled studies 

evaluating the combined effect of a Mediterranean diet and MCT supplementation on cognitive 

function and sleep quality in individuals with MCI are still lacking. This study was designed to 

address this gap by investigating the potential benefits of a Mediterranean diet enriched with MCTs 

in improving cognitive function and sleep quality in patients recently diagnosed with MCI. The 

working hypothesis is that MCT supplementation, by offering an alternative energy source to neurons, 

can help stabilize synaptic function, reduce oxidative stress, and enhance overall neuronal efficiency, 

thereby contributing to cognitive preservation (Neth et al., 2020; Yang et al., 2019). 

Furthermore, sleep disturbances are commonly observed in MCI and are closely linked to 

neurodegenerative processes, in part due to impaired clearance of neurotoxic proteins such as 

amyloid-beta. MCT supplementation may positively influence circadian rhythm regulation and sleep 

quality, supporting neuronal homeostasis through multiple mechanisms. The outcomes of this study 

could provide useful insights for the development of personalized nutritional strategies for the early 

prevention of cognitive impairment. 

The intervention consists of daily supplementation with 30 grams of MCTs in addition to a standard 

Mediterranean diet, administered over a six-month period. The primary objective is to evaluate the 

effect of this nutritional intervention on cognitive performance, measured through changes in 

composite scores derived from a standardized neuropsychological battery including MOCA and 

ACE-R. Secondary objectives include assessing the impact on sleep quality and daytime sleepiness 

through validated scales such as the PSQI and Epworth, evaluating changes in quality of life using 

the QoL-AD, and measuring the effects on metabolic markers including plasma ³-hydroxybutyrate, 

lipid profile, and glycemic control. In a subgroup of participants, cerebral glucose metabolism will be 

assessed using FDG-PET imaging. The study will also explore correlations between cognitive 

outcomes and plasma levels of brain-derived neurotrophic factor (BDNF), as well as evaluate the 

safety and tolerability of daily MCT intake 

 

 

 

 

 

 

 

 

 



ETHICAL ASPECTS 

 
This study was approved by the International Territorial Ethics Committee of the AOU Maggiore 

della Carità on 11 June 2024 (Practice number: CE420/2023, Protocol number: 636/CE). The trial 

will be conducted in accordance with the principles of the Declaration of Helsinki (2013), Good 

Clinical Practice (GCP) and national regulations on clinical trials. All participants will be adequately 

informed about the objectives, modalities and potential risks of the study, and written informed 

consent will be required prior to enrollment. The protection of personal data will be guaranteed 

according to Regulation (EU) 2016/679 (GDPR). 

 

 

DESIGN OF STUDY 

 
The experimental protocol was designed as a randomized, open-label, two-arm parallel clinical trial 

aimed at evaluating the effect of medium chain triglyceride (MCT) supplementation on cognitive 

function and sleep quality in subjects with Mild Cognitive Impairment (MCI). A summary of the 

study timeline and assessments at each time point is provided in Figure 3. The open-label design was 

chosen for feasibility, although it is a limitation that will be addressed in the discussion. The study 

was designed to last a total of 28 months, divided into several operational phases: two initial months 

for administrative authorizations and ethical compliance, followed by a recruitment period of twelve 

months, six months of active nutritional intervention, six months of follow-up, and finally two months 

dedicated to the statistical analysis of the data and the drafting of the final report. 

 

 

POPULATION AND RANDOMIZATION 

 
A total of 120 participants will be enrolled and distributed equally between two groups (n=60 per 

group), by simple randomization. The sample size was calculated assuming a significance level of 

0.05, a statistical power of 80% and an expected effect of 0.5 (Cohen9s d), consistent with previous 

evidence on the potential impact of MCTs on cognitive performance (Fortier et al., 2021). 

Participants will be assigned to one of the following groups: 

• Control group: will follow a standard Mediterranean diet, developed and monitored by a 

team of qualified nutritionists; 

• Intervention group: will follow the same Mediterranean diet, supplemented with 30 grams 

per day of MCT, administered through specially developed food products (MCT oil, tomato 

sauce enriched and chocolate with MCT). 



The dietary intervention will be personalized through an individualized and monitored nutritional 

counseling path, with periodic assessments of dietary adherence, cognitive status, sleep quality and 

major metabolic parameters. 

 

 

DIETARY AND RATIONAL NUTRITIONAL TREATMENT 

 
The Mediterranean diet has been selected as a basis for nutritional treatment because of its established 

anti-inflammatory, antioxidant and neuroprotective properties. This food pattern is characterized by 

a high intake of fruits, vegetables, legumes, whole grains, fish, extra virgin olive oil and moderate 

consumption of red wine. The results of the randomized trial conducted by Hoscheidt et al. (2022) 

showed that a four-week isocaloric dietary intervention, based on this scheme, is associated with an 

improvement in cerebral perfusion and favorable changes in CSF biomarkers of Alzheimer9s in 

cognitively healthy subjects. The protocol provides for 30 grams of medium chain triglycerides 

(MCT) to be added daily to the intervention group, as part of a Mediterranean-inspired diet. The 

choice of this dosage is based on evidence from clinical trials that have demonstrated its effectiveness 

in promoting ketogenesis and improving cognitive performance in subjects with Mild Cognitive 

Impairment (MCI) (Fortier et al., 2021). In particular, Fortier and colleagues administered a drink 

containing 30 g/day of MCT for six months, observing a significant improvement in cognitive scores 

compared to the control group. Subsequent studies have confirmed that similar doses (about 0.5 g/kg 

body weight) are well tolerated even in healthy subjects and induce a significant increase in plasma 

levels of ³-hydroxybutyrate (BHB) (Sun L et al., 2023). Supplementation is carried out by means of 

functional foods developed in collaboration with the company Dr. Schär, including MCT oil-based 

formulations, enriched tomato sauce and chocolate snacks. The use of familiar and palatable foods 

helps to improve adherence to dietary therapy, reducing the risk of protocol abandonment. In addition 

to ensuring a constant supply of MCT, the objective is to evaluate the individual9s ability to activate 

a ketogenic metabolic response, monitored through the plasma assay of BHB. This approach allows 

a personalized reading of the intervention, considering that the efficiency of ketogenesis can vary 

according to individual factors such as age, body composition, metabolic status and adherence to diet. 

The evaluation of ketone response allows therefore to explore with greater precision the potential role 

of MCTs in neuroenergetic support of patients with MCI. 

 

 

 

 

 



INCLUSION AND EXCLUSION CRITERIA 

 
To ensure sample homogeneity and the internal validity of the study, strict inclusion and exclusion 

criteria have been defined. These criteria are based on standardised diagnostic indications and 

international recommendations for studies of mild cognitive impairment. 

Inclusion criteria: 

• Aged between 18 and 85; 

• Clinical diagnosis of mild cognitive impairment according to the criteria of Petersen 

(Petersen et al., 2001), confirmed by a thorough neuropsychological evaluation; 

• Presence of relatively preserved overall cognitive function (MMSE 24); 

• Independence in daily life activities;  

• Absence of malnutrition, diagnosed using the NRS 2002 screening test. 

• Willingness to follow the nutritional protocol for the duration of the study; 

• Signature of informed consent. 

Exclusion criteria: 

• Diagnosis of dementia of any type (including Alzheimer's disease, vascular dementia, etc.) 
according to DSM-5 criteria. 

• Relevant neurological or psychiatric comorbidities (e.g., Parkinson's disease, uncompensated 
major depression, epilepsy). 

• Uncontrolled severe metabolic diseases (e.g., glycated hemoglobin >8%, patients on insulin 
therapy, severe dyslipidemia with total cholesterol >300 mg/dL or triglycerides >400 
mg/dL). 

• Severe hepatic insufficiency (MELD score >9) or renal insufficiency (eGFR &lt;30 
mL/min). 

• Known allergies to MCT oil, nuts, or other ingredients in the study products. 

• Participation in other clinical trials within the last 2 months. 

• Any condition that, in the opinion of the researcher, may put the patient at risk or hinder 
compliance with the study. 

Participants will be selected through multidisciplinary clinical screening, including neurological 

assessment, laboratory tests, brain imaging with FDG-PET and standardised neuropsychological 

tests. This approach will allow to exclude cases of unknown dementia or confounding conditions, 

ensuring the inclusion of a representative sample of the population with MCI. 



 

FIG.3 Summary table with inclusion and exclusion criteria for the protocol 



NUTRITIONAL INTERVENTION 

 
The nutrition plan for the intervention group is based on a Mediterranean-style regimen, which has 

been supplemented by daily administration of 30 grams of medium chain triglycerides (MCTs). The 

Mediterranean diet was chosen as a basis for its proven protective effect against cognitive decline, 

thanks to its wealth of unsaturated fats, polyphenols and dietary fiber (Petersson & Philippou, 2022). 

The supplementation with MCT takes place through functional foods developed by the company Dr. 

Schär, where a period of collaborative research has been carried out. In particular, products from the 

Kanso line were used. The distribution of MCTs throughout the day is monitored through a weekly 

food diary and periodic checks by the nutrition team. Adherence to diet is verified through regular 

interviews with nutritionists, MedDiet Score assessment, and estimation of daily intake of MCT. A 

crucial aspect of the protocol is the assessment of individual metabolic response to integration, with 

particular emphasis on endogenous production of ketone bodies, and in particular ³-hydroxybutyrate 

(BHB). The plasma assay of BHB, carried out at pre-defined times during the study, will allow to 

verify if the daily intake of MCT is able to activate, at least partially, the ketogenic pathway. This is 

crucial to understand the subjective variability in response and the potential role of ketone bodies as 

alternative substrates in neuroenergetic support. 

 

 

ADVERSE EVENTS 

 
The administration of medium chain triglycerides (MCTs), while generally well tolerated, may be 

associated with some side effects, especially in the early stages of introduction. The most commonly 

reported disorders in the literature include nausea, bloating, abdominal cramps and diarrhea, usually 

of a mild and transient nature (Sun et al., 2023). These effects can be minimized by a fractional daily 

dose (30 g/day) and the intake of MCT-containing products during main meals. In patients with 

previous metabolic disorders, especially liver disease or insulin resistance, the use of MCT requires 

careful clinical and biochemical monitoring to prevent any metabolic overloads or changes in blood 

glucose. However, studies conducted in patients with MCI and healthy subjects did not report any 

serious adverse events or significant discontinuities of therapy, confirming the safety of the dosage 

used in this protocol (Fortier et al., 2021; Cunnane et al., 2016). Throughout the course of the 

nutritional intervention, participants will be monitored for possible side effects through scheduled 

visits and telephone contact. Adverse events will be recorded in a dedicated tab and classified 

according to their severity and possible relationship with the treatment. In case of persistent symptoms 

or poor individual tolerance, it will be possible to modulate the dose or temporarily suspend 

supplementation, in agreement with the doctor responsible for the study 



DIAGNOSTIC ALGORITHM 

 
The protocol provides for a total duration of six months for each patient, during which several face- 

to-face visits and telephone contacts are planned in order to monitor adherence to the intervention 

and evaluate clinical outcomes. 

After the screening visit (T0), which includes clinical, neuropsychological, nutritional evaluation and 

PET with FDG to document the presence of brain hypometabolism, patients who meet the inclusion 

criteria are formally enrolled in the study. Randomization assigns them to one of two arms: standard 

Mediterranean diet or MCT-enriched Mediterranean diet. Patients in the intervention group are given 

a nutrition diary, products containing MCT (oil, tomato sauce, chocolate) and instructions for their 

daily intake (30 g/day). During the first month (T1) and second month (T2), patients are contacted by 

telephone to monitor adherence to the protocol, identify any adverse events and provide dietary 

support. In the third month (T3), a presence visit is carried out, with complete reassessment: 

hematochemical tests, cognitive tests, questionnaires on sleep and quality of life, anthropometric 

parameters and control of the food diary (with calculation of compliance). The follow-up continues 

with monthly calls to the fourth (T4) and fifth month (T5), useful to ensure continuity of assistance 

and promote the retention of participants. In the sixth month (T6), the final visit takes place, which 

follows the intermediate one but represents the concluding moment of the intervention. 

Neuropsychological tests (MoCA, ACE, CDR, Attentive matrices), sleep quality questionnaires 

(PSQI, Epworth) and quality of life (QoL-AD) are repeated, as well as blood tests including the 

dosage of ³-hydroxybutyrate and acetate. 



 

 
FIG.4: Illustration of the study timeline, detailing the assessment and follow-up schedule over six months. 



STATISTICAL ANALYSIS 

 
All statistical analyses will be carried out using STATA v.17 software. Analyses will primarily follow 

an intention-to-treat (ITT) principle, including all randomized participants in the group to which they 

were assigned. A per-protocol (PP) analysis will also be conducted on participants who completed 

the study with adequate adherence. Baseline demographic and clinical characteristics will be 

summarized using descriptive statistics. Continuous variables will be expressed as mean and standard 

deviation (SD) or median and interquartile range (IQR) after assessing for normality with the Shapiro-

Wilk test. Categorical variables will be presented as absolute frequencies and percentages. 

To evaluate the effect of the intervention on primary and secondary continuous outcomes (e.g., 

cognitive scores from MOCA and ACE-R, sleep scores from PSQI/Epworth, QoL-AD, and 

biomarkers like BHB and BDNF) over time, linear mixed-effects models will be used. This 

longitudinal approach is preferable to simple pre-post comparisons as it accounts for intra-individual 

correlations of repeated measures and can handle missing data more effectively. The model will 

include fixed effects for time, treatment group, and the time-by-treatment interaction term, which will 

be the primary indicator of the intervention effect. Baseline values of the outcome will be included as 

a covariate to adjust for any initial imbalances. Models will also be adjusted for potential confounding 

variables such as age, sex, and baseline BMI. 

A value of p < 0.05 will be considered statistically significant. 

 

 

 

 

 

 

 

 

 



 



 



5.1 FIRST RESULTS 

As of April 2025, a total of 19 patients had been enrolled in the study. Of the remaining patients, 

seven were assigned to the control group and ten to the treatment group. At this stage, five patients in 

the treatment group and one patient in the control group have completed the full six-month protocol 

and are included in this preliminary analysis. While numbers are too limited for statistical analysis, 

preliminary observations suggest that the intervention may help stabilize cognitive and functional 

parameters in some individuals with MCI. For instance, two of the five patients in the treatment group 

showed an improvement or stabilization in their MOCA and ACE-R scores, and three reported notable 

improvements in their quality of life (QoL-AD). Outcomes, however, displayed significant inter-

individual variability. Further data from ongoing participants are essential to draw any meaningful 

conclusions. A detailed summary of these preliminary results is provided in Table 1. 

 

 

 

 

 
 
 
 
 

TAB.1 Individual patient data from the first five participants in the MCT treatment group and one patient in the control group 

(Mediterranean diet only). The table summarizes key clinical and functional parameters at baseline (T0) and after six months (T6), 

including BMI, cognitive function (MOCA and ACE-R), quality of life (QoL-AD), sleep quality (PSQI), daytime sleepiness (Epworth 

Sleepiness Scale), and adherence to the Mediterranean diet (MEDAS). Patient 4, although assigned to the treatment group, did not 

consume the MCT supplements and is included in the analysis according to the intention-to-treat principle. Control 6 represents the 

only control patient who had completed the full follow-up at the time of data collection. No major adverse events were reported. The 

table highlights interindividual variability and preliminary differences between the two groups 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Patient
BMI 

T0

BMI 

T6

MOCA 

T0

MOCA 

T6

ACE-R 

T0

ACE-R 

T6

QoL-

AD T0

QoL-

AD T6

PSQI 

T0

PSQI 

T6

Epworth 

T0

Epworth 

T6

MEDAS 

T0

MEDAS 

T6

Adverse 

Events

1 30,9 31,2 24 25 76 88 40 41 18 27 8 5 7 9 NO
2 19,6 19,8 25 24 79 84 36 34 7 12 3 4 8 9 NO
3 28,3 27,6 28 26 86 83 29 37 7 7 16 10 8 8 NO
4

(Intention to Treat)
YES

(mild, unrelated)
6

(Mediterranean Diet)
NO6 8 5 5 9 9

8 7

25 25 24 24 85 83 35 34

26 34 30 24 17 10

6 8 NO

5 32,5 32,1 22 25 84 93

33 42 8 10 6 429,1 28,8 17 14 72 73



6. DISCUSSION AND FURTHER PROSPECTIVE 

 
In recent years, interest in nutritional strategies to modulate brain metabolism has led to an increasing 

use of medium-chain triglycerides (MCTs) in the treatment of Mild Cognitive Impairment (MCI). 

The hypothesis behind this approach is based on evidence that, already in the early stages of cognitive 

impairment, the brain shows a progressive reduction in the use of glucose for energy purposes, a 

phenomenon detectable by functional imaging such as FDG-PET (Mosconi et al., 2010; Cunnane et 

al., 2016). Ketone bodies derived from MCTs, in particular ³-hydroxybutyrate (BHB), represent an 

alternative energy source able to overcome this deficit, providing readily usable substrates by neurons 

and astrocytes even in the presence of insulinmitochondrial resistance or dysfunction (Yang et al., 

2019). 

Numerous clinical and pre-clinical studies have suggested that regular MCT intake may improve 

several cognitive domains - in particular episodic memory and executive functions - through an 

increase in neuronal energy availability, reduction of oxidative stress and modulation of inflammation 

(Fortier et al., 2021; Sun et al., 2023). To these benefits is added the possibility that ketones stimulate 

autophagy, favoring the removal of toxic protein aggregates such as beta-amyloid and 

hyperphosphorylated tau, two hallmarks of neurodegeneration (Newman & Verdin, 2017). 

In the protocol presented here, the nutritional approach is based on a standard Mediterranean diet, 

recognized for its protective effects on the central nervous system. Randomized trials have shown 

that this regimen improves cerebral perfusion, positively modulates CSF biomarkers of Alzheimer9s 

and reduces systemic inflammation (Hoscheidt et al., 2022). The integration with 30 g/day of MCT 

has been adopted on the basis of clinical trials that have demonstrated its tolerability and efficacy in 

the production of BHB, with measurable effects on cognitive functions in subjects with MCI (Fortier 

et al., 2021; Sun et al., 2023). 

A further innovation of this protocol is the assessment of the impact of the diet enriched with MCTs 

also on sleep quality. Deep sleep (slow-wave sleep) is essential for amyloid removal and synaptic 

plasticity. Numerous evidences show that the alterations of the circadian rhythm and the 

fragmentation of the sleep anticipate the appearance of cognitive deficits and favor the progression 

towards the dementia (Xie et al., 2013; Wang et al., 2023). In this context, the possibility that MCTs, 

through their influence on the regulation of energy metabolism and the release of neurotransmitters, 

help to stabilize sleep-wake cycles is an additional therapeutic potential to be investigated. 

 

 



 

FIG.5 This figure illustrates the proposed mechanism linking sleep disorders, glucose hypometabolism, and cognitive decline, and 
how a Mediterranean diet supplemented with 30 grams of medium-chain triglycerides (MCTs) could mitigate these effects. 

• Sleep disorders contribute to glucose hypometabolism, leading to increased reactive oxygen species (ROS) production and 
reduced neuronal energy supply. 

• This results in impaired cognitive test performance. 
• Implementing a Mediterranean diet with MCT supplementation improves sleep quality. 
• MCTs are metabolized into ketone bodies, which provide an alternative energy source for neurons, reducing ROS levels and 

enhancing neuronal energy supply. 
• These effects ultimately improve cognitive test performance. 

 
 

 
6.1 STUDY LIMITATION 
 
This study protocol has several limitations that should be acknowledged. First, the open-label design, 

while chosen for practical reasons, introduces a potential for bias, as knowledge of the treatment 

allocation could influence participant reporting and clinician assessment. Future studies should aim for 

a double-blind, placebo-controlled design to mitigate this bias, for example by using a placebo oil and 

food products matched for taste and texture. Second, the preliminary analysis is based on a very small 

number of participants, which is significantly lower than the planned sample size of 120 subjects. This 

severely limits the statistical power and the generalizability of the findings. The study should therefore 

be considered a pilot investigation aimed at assessing feasibility and gathering preliminary data. The 

recruitment challenges encountered highlight the difficulties of conducting nutritional intervention trials 

in this vulnerable population. Finally, while the Mediterranean diet provides a healthy baseline, 

individual dietary habits can introduce variability. Although monitored with food diaries, a more detailed 

nutritional analysis could provide deeper insights.Future research should focus on recruiting a larger, 

adequately powered sample to definitively test the study hypothesis. It would also be valuable to 

investigate the long-term effects of MCT supplementation beyond six months and explore its efficacy in 

different MCI subtypes (e.g., AD-related vs. non-AD-related MCI). 

 

 

 

 

 

 

 

 



7. HEALTH SUSTAINABILITY OF THE INTEGRATED 

DIET WITH MCT 

 
The growing social and health impact of neurodegenerative diseases, particularly Alzheimer9s disease 

(AD), highlights the urgent need for preventive strategies that are both clinically effective and 

economically sustainable. Nutritional intervention stands out in this context as a promising, non- 

invasive, and accessible tool, especially suitable for elderly populations in both clinical and 

community settings. The protocol presented here is based on an integrated approach that combines a 

standardized Mediterranean diet with the addition of medium-chain triglycerides (MCTs). This model 

is easy to implement in practice, thanks to the availability of functional food products and the support 

of personalized dietary counselling. MCTs are administered through common food items (such as oil, 

sauces, and chocolate), improving patient adherence and reducing the need for pharmaceutical 

formulations. The chosen dosage of 30 g/day, already validated in previous studies (Sun et al., 2023; 

Fortier et al., 2021), has shown good tolerability with only minor and reversible side effects, making 

this approach scalable within public healthcare systems. From a public health perspective, this type 

of nutritional prevention could significantly reduce the economic burden associated with dementia. 

AD remains a leading cause of disability, dependency, and institutionalization among the elderly. 

Delaying even slightly the transition from mild cognitive impairment (MCI) to dementia could lead 

to substantial savings in medical, pharmacological, and social care costs (Cummings et al., 2022). 

Thus, early dietary interventions supported by structured nutritional education represent a high-value, 

cost-effective strategy. Recent data underscore the scale of the challenge: in Italy, the death rate from 

Alzheimer9s disease has more than tripled since 1980, rising from just over 30 to more than 110 deaths 

per 100,000 inhabitants by 2021. This trend significantly exceeds the European average, which over 

the same period increased from 25 to around 60 deaths per 100,000 (Figure 4). This sharp rise reflects 

not only an aging population but also a growing diagnostic awareness and longer life expectancy. 

However, it also exposes the limitations of current management systems and reinforces the need to 

invest in sustainable prevention. 
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HQKDQFHPHQW��,Q�IDFW��P725�LQKLELWV�WKH�LQGXFWLRQ�RI�7UHJV��D�VSHFLfiF�
FHOO�SRSXODWLRQ�WKDW�GRZQ�UHJXODWHV�LPPXQH�V\VWHP�DFWLYDWLRQ�DQG�LV�
IRXQG�WR�EH�UHGXFHG�DQG�G\VIXQFWLRQDO�LQ�$/6�SDWLHQWV���$V�D�FRQ��
VHTXHQFH��VHOI�VXVWDLQLQJ�LQflDPPDWRU\�F\WRNLQHV�DUH�XSUHJXODWHG�DQG�
SHULSKHUDO�LPPXQH�FHOO�PLJUDWLRQ�LQWR�WKH�EUDLQ�LV�SURPRWHG���,Q�$/6�
SDWLHQWV��SHUFHQWDJH�RI�7UHJV�LQ�WKH�EORRG�LQYHUVHO\�FRUUHODWHG�ZLWK�
SURJUHVVLRQ�UDWH���DQG�)R[3��OHYHOV�ZHUH�HDUO\�SUHGLFWRUV�RI�$/6�SUR��
JUHVVLRQ� DQG� VXUYLYDO��� 7KXV�� 7UHJV� PD\� EH� FRQVLGHUHG� LPSRUWDQW�
WKHUDSHXWLF�WDUJHWV�LQ�$/6�DGGUHVVHG�E\�UDSDP\FLQ��

)XUWKHUPRUH��VHYHUDO�LQ�YLWUR�DQG�LQ�YLYR�VWXGLHV�DOVR�VXJJHVW�WKDW�
LQKLELWLRQ� RI�P725�E\� UDSDP\FLQ�PD\� WDUJHW� DXWRSKDJ\��ZKLFK� LV�
FUXFLDO�QRW�RQO\�IRU�FHOO�DXWRQRPRXV�FOHDUDQFH�PHFKDQLVPV��EXW�DOVR�
IRU� OLPLWLQJ� GHWULPHQWDO� DQG� XQFRQWUROOHG� DFWLYDWLRQ� RI�
LQflDPPDVRPHV���,Q�$/6��DFFXPXODWLRQ�RI�DJJUHJDWHV�GULYHV�FDVSDVH����
PHGLDWHG� SURWHRO\WLF� FOHDYDJH� DQG� VHFUHWLRQ� RI� SURLQflDPPDWRU\�
F\WRNLQHV��WKDW�IXUWKHU�DPSOLI\�LQflDPPDWRU\�UHVSRQVHV��UHVXOWLQJ�LQ�
FKURQLF� LQflDPPDWLRQ�� WLVVXH� GDPDJH� DQG� FHOO� GHDWK��� 5DSDP\FLQ�
HQKDQFHV� WKH� DXWRSKDJLF� GHJUDGDWLRQ� RI� YDULRXV� DJJUHJDWH�SURQH�
SURWHLQV�ZLWK� VXEVHTXHQW� UHGXFWLRQ�RI� WKHLU� WR[LFLW\� LQ� FHOOXODU�RU�
DQLPDO�PRGHOV�QRW�RQO\�LQ�$/6��EXW�DOVR�LQ�RWKHU�QHXURGHJHQHUDWLYH�
GLVHDVHV� H�J��� +XQWLQJWRQ� GLVHDVH�–���� $XWRSKDJ\� HQKDQFHPHQW� E\�
UDSDP\FLQ�LV�PHGLDWHG�E\�WKH�XQF����OLNH�NLQDVH���FRPSOH[�DQG�WKH�
IRUPDWLRQ�RI�DXWRSKDJRVRPH�IURP�WKH�SKDJRSKRUH����

,Q� SUHFOLQLFDO� $/6� VWXGLHV�� UDSDP\FLQ� UHGXFHG� 7'3���� IUDJ��
PHQWV� DFFXPXODWLRQ� DQG� UHVWRUHG� 7'3���� QXFOHDU� ORFDOL]DWLRQ� LQ�

�
FHOO�OLQHV���DQG�LQ�KXPDQ�VWHP�FHOO�GHULYHG�QHXURQV�DQG�DVWURF\WHV�
ZLWK� PXWDQW� 7'3���� ZKHUH� UDSDP\FLQ� HQKDQFHG� VXUYLYDO��� $�
PLFURflXLGLF� DSSURDFK� XVLQJ� UDSDP\FLQ� UHVFXHG� WKH� $/6� PRWRU�
QHXURQ� SKHQRW\SH� LQ� �'� DQG� �'� HQYLURQPHQWV� IURP� D� 7'3����
PRXVH���� (DUO\� UDSDP\FLQ� DGPLQLVWUDWLRQ� GHWHUPLQHG� SKHQRW\SH�
DPHOLRUDWLRQ�LQ�7'3����PRXVH����64670��NQRFN�GRZQ�]HEUDfiVK���DQG�
LQ� 'URVRSKLOD� ZLWK� 9$3%� PXWDWLRQ��� �GHWDLOV� LQ� VXSSOHPHQWDU\�
DSSHQGL[��6HFWLRQ�����

+HUH�ZH�UHSRUW�WKH�UHVXOWV�RI�5$3�$/6��D�SKDVH����PXOWLFHQWHU��
UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�FOLQLFDO�WULDO��5&7���WKDW�
HYDOXDWHV�VDIHW\��ELRORJLFDO�DQG�FOLQLFDO�HIIHFWV�RI�RUDO�UDSDP\FLQ�LQ�
SHUVRQV�ZLWK�$/6����

5HVXOWV�
3DUWLFLSDQWV�DQG�IROORZ�XS�
)URP������������WR������������D�WRWDO�RI����SDWLHQWV�ZLWK�$/6�ZHUH�
VFUHHQHG�IRU�HOLJLELOLW\��RI�ZKRP����ZHUH�UDQGRPO\�DVVLJQHG�WR�D�WULDO�
JURXS�����WR�UDSDP\FLQ���PJ�P��GD\�����WR�UDSDP\FLQ���PJ�P��GD\�DQG�
���WR�SODFHER��)LJ������6HYHQ�SDWLHQWV�GURSSHG�RXW�IURP�WKH�VWXG\�
GXULQJ�WKH�WUHDWPHQW�SHULRG��ZKHUHDV����GLG�QRW�FRQFOXGH�WKH�IROORZ�
XS��DIWHU�WUHDWPHQW���7ZR�SDWLHQWV�GLG�QRW�WDNH�DW�OHDVW�����RI�WKH�VWXG\�
GUXJ� DV� SODQQHG� SHU� SURWRFRO�� $V� WKHVH� WZR� SDWLHQWV� GURSSHG� RXW�
EHWZHHQ�ZHHN����DQG�����3HU�3URWRFRO��33��DQG�,QWHQWLRQ�7R�7UHDW��,77��
DQDO\VHV�GLIIHU�DW�ZHHN���DQG����RQO\��ZKHUHDV�WKH�UHVXOWV�RI�WKH�WZR�
DQDO\VHV�ZHUH�LGHQWLFDO�DW�ZHHN����DQG�����
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)LJ����_�&216257�GLDJUDP�RI�WKH�VWXG\�UHSRUWLQJ�VFUHHQLQJ��UDQGRPL]DWLRQ�DQG�IROORZ�XS�RI�$/6�SDWLHQWV�HQUROOHG�LQ�WKH�WULDO��6RXUFH�GDWD�DUH�SURYLGHG�DV�D�6RXUFH�
'DWD�fiOH�1DWXUH�&RPPXQLFDWLRQV�_� ������� � ������� ��

Enrollment 70 patients assessed for eligibility 

7 patients excluded 

1 withdrew consent 

1 death 

1 other causes 

21 

Rapamycin 

1 mg/m2/day 

20 

15 reached week 54 

5 excluded (1 death, 2 
withdrew consent, 2 

other causes) 

�
1 withdrew consent 

�
18 

13 reached week 54 

5 excluded (1 death, 

4 other causes) 

1 withdrew consent 

1 death 

1 other causes 

21 

Rapamycin 

2 mg/m2/day 

18 

13 reached week 54 

5 excluded (2 withdrew 
consent, 3 other 

causes) 

36-weeks follow up 

Drops-out 

21 

placebo 

63 patients randomised 

Allocation 
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%RG\‑PDVV�LQGH[��NJ�P�� ������������� ������������� �������������
%6$��P�� ������������ ������������ ������������
%XOEDU�RQVHW�3 Q������ ��������� ��������� ���������
8SSHU�OLPE�RQVHW�3 Q������ ���������� ��������� ���������
/RZHU�OLPE�RQVHW�3 Q������ ��������� ���������� ����������
0RQWKV�VLQFH�$/6�V\PSWRP�RQVHW� ������������� ������������� �������������
$/6)56‑5�WRWDO�VFRUH� ������������� ������������� �������������
%XOEDU�VFRUH� ������������� ������������� �������������
)LQH‑PRWRU�VFRUH� ������������ ������������ ������������
*URVV‑PRWRU�VFRUH� ������������ ������������ ������������
%UHDWKLQJ�VFRUH� ������������� ������������� �������������

3UHEDVHOLQH�$/6)56‑5�VORSHD� ������������ ������������ ������������
)RUFHG�YLWDO�FDSDFLW\�4 ��RI�SUHGLFWHG�QRUPDO�YDOXH� �������������� �������������� ��������������
05&�XSSHU‑OLPE�VFRUH�4 ��RI�SUHGLFWHG�QRUPDO�YDOXH� �������������� �������������� ��������������
05&�ORZHU‑OLPE�VFRUH�4 ��RI�SUHGLFWHG�QRUPDO�YDOXH� �������������� �������������� ��������������
05&�QHFN�VFRUH�4 ��RI�SUHGLFWHG�QRUPDO�YDOXH� ������������� �������������� �������������
$/6$4���WRWDO�VFRUH� �������������� �������������� ��������������
(GDUDYRQH�WUHDWPHQW�3 Q����� �������� �������� ���������

6RXUFH�GDWD�DUH�SURYLGHG�DV�D�6RXUFH�'DWD�fiOH��
$/6)56�5�$P\RWURSKLF� /DWHUDO� 6FOHURVLV� )XQFWLRQDO� 5DWLQJ�6FDOH�5HYLVHG��05&�0HGLFDO� 5HVHDUFK� &RXQFLO� VFDOH��%6$�ERG\� VXUIDFH� DUHD��$/6$4���$P\RWURSKLF� /DWHUDO� 6FOHURVLV� $VVHVVPHQW�
4XHVWLRQQDLUH��
D3UHEDVHOLQH�$/6)56‑5�VORSH�KDV�EHHQ�FDOFXODWHG�DV�PRQWKO\�GHFOLQH�RI�$/6)56�5�VFRUH�DVVXPLQJ�D�WRWDO�VFRUH�RI����DW�RQVHW��

�
�
7DEOH���_�3DWLHQWV�H[KLELWLQJ�D�SRVLWLYH�UHVSRQVH��LQFUHDVH�LQ�7UHJ�RI�DW�OHDVW�������FRPSDULQJ�EDVHOLQH�DQG�WUHDWPHQW�HQG�
�ZHHN�����EHWZHHQ�UDSDP\FLQ�DQG�SODFHER�DUP��,QWHQWLRQ�WR�7UHDW�DQDO\VLV�

�
 3RVLWLYH�

�
Q�

UHVSRQVH�

�
��

1RW�SRVLWLYH�
UHVSRQVH�

Q� ��

8QDGMXVWHG�DQDO\VLV�

�
55� &,�

�

�
S�

$GMXVWHG�DQDO\VLVD�

25� &,� 3�

3ODFHER� �� ����� ��� ����� �� �� �� �� �� ��
5DSDP\FLQ���PJ�P��G� �� ����� ��� ����� ����� ����3������ ������� ����� ����3������ �������
5DSDP\FLQ���PJ�P��G� �� ����� ��� ����� ����� ����3������ ������� ����� ����3������ �������
5DSDP\FLQ� �� ����� ��� ����� ����� ����3����� ������� ����� ����3������ �������
6RXUFH�GDWD�DUH�SURYLGHG�DV�D�6RXUFH�'DWD�fiOH��
7KH�XQDGMXVWHG�FRPSDULVRQV�ZHUH�FDUULHG�RXW�ZLWK�D�FKL�VTXDUH�WHVW�ZLWKRXW�DQ\�FRUUHFWLRQ�DQG�WKH�DGMXVWHG�FRPSDULVRQV�ZLWK�D�ORJLVWLF�UHJUHVVLRQ�PRGHO��$OO�VWDWLVWLFDO�WHVWV�ZHUH�WZR�WDLOHG��
55�UHODWLYH�ULVN��25�RGGV�UDWLR��&,�FRQfiGHQFH�LQWHUYDO��
D$GMXVWHG�IRU�VH[��PRQWKV�IURP�RQVHW�RI�V\PSWRPV��$/6)56�5�VORSH�DW�EDVHOLQH�DQG�WUHDWPHQW�ZLWK�HGDUDYRQH��

�
%DVHOLQH� GHPRJUDSKLF� DQG� GLVHDVH� FKDUDFWHULVWLFV� DUH� VXPPDU�� L]HG� LQ�7DEOH����%DVHOLQH�ELRORJLFDO�IHDWXUHV�RI�WKH� WULDO� SDUWLFLSDQWV�DUH�

VXPPDUL]HG�LQ�6XSSOHPHQWDO�PDWHULDOV��7DEOH�6���
�
5DSDP\FLQ�HIIHFW�RQ�7UHJ�FHOOV�
$OWKRXJK����SDWLHQWV�UHDFKHG�WUHDWPHQW�HQG��RQO\����EORRG�VDPSOHV�IURP����SDUWLFLSDQWV�ZHUH�DYDLODEOH�IRU�FHOOV�SRSXODWLRQV�DQDO\VLV�DW�ZHHN�
���GXH�WR�WKH�&29,'����SDQGHPLF��$PRQJ�SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ���PJ�P��G������RI�SDWLHQWV�SUHVHQWHG�DQ�LQFUHDVH�RI�7UHJ�FHOOV�E\�
DW�OHDVW������YHUVXV�����RI�SDWLHQWV�LQ�WKH�SODFHER�JURXS��5HODWLYH�5LVN�>55@�������������FRQfiGHQFH�LQWHUYDO�>&,@������WR��������S� ���������,77�
DQDO\VLV��7DEOH�����WKH�SRVLWLYH�UHVSRQVH�ZDV�REVHUYHG�LQ�����RI�SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ���PJ�P��G��55�����������&,������WR��������S� �
��������33�DQDO\VLV�\LHOGHG�VLPLODU�UHVXOWV��7DEOH�6����

,Q�DQ�DGMXVWHG�DQDO\VLV��DIWHU�FRUUHFWLRQ�IRU�VH[��WLPH�IURP�RQVHW��$/6)56�5�VORSH�DW�EDVHOLQH��DQG�HGDUDYRQH�WUHDWPHQW��EDVHG�RQ�WKH�
FRPSDULVRQ�RI�GLIIHUHQFHV�RI�FOLQLFDO�VLJQLfiFDQFH�EHWZHHQ�JURXSV�DW� EDVHOLQH��RGGV�UDWLR��25��RI�D�SRVLWLYH�UHVSRQVH�ZDV�QRQ�VLJQLfiFDQWO\�
LQFUHDVHG�LQ�5DSDP\FLQ�WUHDWPHQW�DUPV��7DEOH�����$W�ZHHN����������������SODFHER�WUHDWHG�SDWLHQWV�H[SHULHQFHG�DQ\�LQFUHDVH�LQ�7UHJ�FHOOV�FRP��SDUHG�
ZLWK�������������SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ���PJ�P��G��55� �����������&,� ����–������S� ��������� DQG� ������ ������ SDWLHQWV� WUHDWHG�ZLWK�
UDSDP\FLQ���PJ�P��G��55������������&,�����–������S� ����������

$W�WUHDWPHQW�HQG�SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ���PJ�P��G�H[SHULHQFHG�D�PHDQ�LQFUHDVH�RI�7UHJ�FHOOV�E\�������SDWLHQWV�WUHDWHG�ZLWK�
��PJ�P��G� VKRZHG� VWDEOH� YDOXHV� (−0.05),� ZKHUHDV� patients in placebo showed a decrease in Treg cells by −0.46 from baseline (mean 
difference [MD] 0.87, 97.5% CI −0.36 to 2.09; S� �������LQ�UDSDP\FLQ���PJ�P��G�JURXS�DQG�0'�������97.5%CI, −0.88� WR� ������S� �������LQ�
UDSDP\FLQ���PJ�P��G�JURXS���7DEOH�����:KLOH�LQ�WKH�SOD��FHER�DUP�7UHJ�PRQWKO\�YDULDWLRQ�GXULQJ�DQG�DIWHU�WUHDWPHQW�VKRZHG�D�QHDUO\�FRQVWDQW�
GHFOLQH��PHDQ�−0.10,����&,��−0.25�WR�������S� �������GXULQJ�WUHDWPHQW��PHDQ�−0.04,�����&,��−0.09�WR�������S� �������DIWHU�WUHDWPHQW���GXULQJ�
WUHDWPHQW�WKHUH�ZDV�D�WUHQG�WRZDUGV�DQ�LQFUHDVH�LQ�SDWLHQWV�ZKR�ZHUH�WUHDWHG�ZLWK�WKH�ORZHU�GRVH�RI�WKH�GUXJ�FRPSDUHG�WR�WKRVH�ZKR�UHFHLYHG�
WKH�SODFHER��0'������������&,��−0.06�WR������1DWXUH�&RPPXQLFDWLRQV�_� ������� � ������� ��
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7DEOH���_�&KDQJHV�IURP�EDVHOLQH�WR�ZHHN������������DQG����LQ�7UHJ�FHOOV�DFURVV�WUHDWPHQW�DUPV��,QWHQWLRQ�WR�WUHDW�DQDO\VLV�
�
7LPH�SRLQW� $UP� $EVROXWH�FKDQJH�IURP�

EDVHOLQH�

Q� PHDQ� 6'�

8QDGMXVWHG�

�
0'�

DQDO\VLV�

�
&,�

 �

�
S�

$GMXVWHG�DQDO\VLVD�

0'� &,�  S�

:HHN��� 3ODFHER� ��� −����� ����� �� �� �� ��  �� ��  

 5DSDP\FLQ���PJ�� ��� −����� ����� ����� −����� ����� ������� −����� −����� ����� �������
 P��G�            

 5DSDP\FLQ���PJ�� ��� ����� ����� ����� −����� ����� ������� ����� −����� ����� �������
 P��G�            

 5DSDP\FLQ� ��� −����� ����� ����� −����� ����� ������� ����� −����� ����� �������
:HHN���� 3ODFHER� ��� −����� ����� �� �� �� �� �� �� �� ��

5DSDP\FLQ���PJ�P��G� ��� ����� ����� ����E� −����� ����� ������� ����� −����� ����� �������
5DSDP\FLQ���PJ��
P��G�

��� −����� ����� ����E� −����� ����� ������� ����� −����� ����� �������

5DSDP\FLQ� ��� ����� ����� ����� −����� ����� ������� ����� −����� ����� �������
:HHN���� 3ODFHER� ��� −����� ����� �� �� �� �� �� �� �� ��

5DSDP\FLQ���PJ�P��G� ��� ����� ����� ����� −����� ����� ������� −����� −����� ����� �������
5DSDP\FLQ���PJ��
P��G�

��� ����� ����� ����� −����� ����� ������� −����� −����� ����� �������

5DSDP\FLQ� ��� ����� ����� ����� −����� ����� ������� −����� −����� ����� �������
:HHN���� 3ODFHER� �� −����� ����� �� �� �� �� �� �� �� ��

5DSDP\FLQ���PJ�P��G� ��� −����� ����� ����� −����� ����� ������� −����� −����� ����� �������
5DSDP\FLQ���PJ��
P��G�

��� −����� ����� −����� −����� ����� ������� −����� −����� ����� �������

5DSDP\FLQ� ��� −����� ����� −����� −����� ����� ������� −����� −����� ����� �������

0HDQ�DEVROXWH�FKDQJHV�IURP�EDVHOLQH�WR�ZHHN������������DQG����DUH�VKRZHG�IRU�HDFK�WUHDWPHQW�JURXS�DQG�FRPSDULVRQ�ZHUH�SHUIRUPHG�XVLQJ�OLQHDU�UHJUHVVLRQ�PRGHOV�WKDW�LQFOXGH�LQGLFDWRU�YDULDEOHV�
IRU�WUHDWPHQW�DUPV�DV�WKH�LQGHSHQGHQW�YDULDEOHV��
)RU�WKH�FRPSDULVRQ�RI�5DSDP\FLQ�DQG�SODFHER�DUPV��D�3�YDOXH�RI������RU�OHVV�ZDV�FRQVLGHUHG�WR�LQGLFDWH�VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�LQ�UHVXOWV�ZDV�H[SUHVVHG�ZLWK�WKH�����FRQfiGHQFH�
LQWHUYDO��&,���)RU�WKH�FRPSDULVRQV�EHWZHHQ�5DSDP\FLQ���PJ�P��G�RU���PJ�P��G�DUPV�DQG�WKH�SODFHER�DUP��D�3�YDOXH�RI�������RU�OHVV�ZDV�FRQVLGHUHG�WR�LQGLFDWH�VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�
LQ�UHVXOWV�ZDV�H[SUHVVHG�ZLWK�WKH�������&,��WR�DFFRXQW�IRU�PXOWLSOH�DUPV�FRPSDULVRQ�ZLWK�WKH�%RQIHUURQL�PHWKRG��&,V�ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�H[DFW�W�GLVWULEXWLRQ��$OO�VWDWLVWLFDO�WHVWV�ZHUH�WZR��
WDLOHG��
0'�PHDQ�GLIIHUHQFH��&,�FRQfiGHQFH� LQWHUYDO��
D$GMXVWHG�DQDO\VHV�IRU�VH[��$/6)56�5�VORSH�DW�EDVHOLQH��GLVHDVH�GXUDWLRQ�IURP�RQVHW�WR�EDVHOLQH�DQG�HGDUDYRQH�WUHDWPHQW��
E:KLOH�PHDQ�7UHJ�FHOOV�SHUFHQWDJH�DW�EDVHOLQH�ZDV�VLPLODU�LQ�WKH�WUHDWPHQW�JURXS���������������ZLWK�UHVSHFW�WR�WKH�SODFHER�JURXS����������������DW�ZHHN����7UHJ�SHUFHQWDJH�ZHUH�������������LQ�WKH�
WUHDWPHQW�JURXS�DQG�������������LQ�WKH�SODFHER�JURXS��6RXUFH�GDWD�DUH�SURYLGHG�DV�D�6RXUFH�'DWD�fiOH��
S� �������LQ�UDSDP\FLQ���PJ�P�/d arm; MD 0.08, 97.5%CI: −0.16 to ������S� �������LQ�UDSDP\FLQ���PJ�P��G�DUP���WKDW�ZDV�QRW�VWDWLVWLFDOO\�
VLJQLfiFDQW��7DEOH�6����,Q�D�SRVW�KRF�DQDO\VLV�RQ�D�OLPLWHG�QXPEHU�RI� VDPSOHV��ZH�IRXQG�WKDW�DIWHU�LQ�YLWUR�VWLPXODWLRQ�ZLWK�DQWL�&'��&'���
IXQFWLRQDOLW\�RI�7UHJ�FHOOV�UHVXOWHG�VLPLODU�EHIRUH�DQG�DIWHU�WKHUDS\�DQG�QRW� GLIIHUHQW� WR� WKRVH�IURP� DJH� DQG� VH[�PDWFKHG� KHDOWK\� FRQ��WUROV�
�)LJ��6����
7UHDWPHQW� � LPSDFW� � RQ� � EORRG� � FHOO� � VXESRSXODWLRQV� :H�QH[W�H[DPLQHG�WKH�FKDQJH�IURP�EDVHOLQH�WR�HDFK�WLPH�SRLQW��ZHHN��������
��������RI�WKH�DFWLYDWLRQ�DQG�KRPLQJ�FDSDELOLWLHV�RI�GLIIHUHQW�7��%��1.� FHOO� VXESRSXODWLRQV�� FRPSDULQJ� WUHDWPHQW� DQG� SODFHER� DUPV��)LJ�����
7DEOH�6����QR�FRUUHFWLRQ�ZDV�DSSOLHG�IRU�PXOWLSOH�WHVWV�����RXWFRPHV�ZHUH�H[DPLQHG���WKHUHIRUH�WKH�IROORZLQJ�UHVXOWV�RQ�VHF��RQGDU\�
RXWFRPHV�VKRXOG�EH�LQWHUSUHWHG�FDXWLRXVO\��

$W�ZHHN����SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ���PJ�P��GD\�VKRZHG�D�QRW�VLJQLfiFDQW�WUHQG�WRZDUG�D�UHGXFWLRQ�RI�DFWLYDWHG��&'�����+/$�'5���&'��
��7�O\PSKRF\WHV��0'�−0.92,�������&,�−1.88�WR�������S� ���������DQG�intermediate monocytes (CD14+, CD16dim monocytes, MD −13.48, ������&,�
−28.17�WR�������S� ���������ZLWK�UHVSHFW�WR�SODFHER�JURXS�IURP�EDVHOLQH�WR�WUHDWPHQW�HQG��LQ�WKH�VDPH�IUDPH�WLPH�WKLV�JURXS�VKRZHG�DQ�LQFUHDVH�
RI�WKH�SHUFHQWDJH�RI�PHPRU\�VZLWFKHG�%�FHOOV��GHfiQHG�DV�,J0���,J'���&'����&'�����&'�����&'����%�FHOOV��0'�������������&,������
WR�������S� ��������DQG�RI�FODVVLFDO�PRQRF\WHV��&'�����&'����PRQR��F\WHV��0'��������������&,������WR��������S� ���������)LJ���D–G��
�7DEOH�6���6LPLODU�UHVXOWV�ZHUH�GHWHFWHG�DW�ZHHN�����)LJ���J–M���,Q�D�SRVW��KRF� DQDO\VLV� RQ� D� OLPLWHG� QXPEHU� RI� VDPSOHV�� ZH� IRXQG� WKDW�� ZLWK�
UHVSHFW�WR�FRQWUROV��DW�EDVHOLQH�$/6�SDWLHQWV�VKRZHG�D�WUHQG�WRZDUGV�KLJKHU�SHUFHQWDJHV�RI�7K��&'����7�FHOOV�WKDW�UHPDLQHG�VLPLODU�DIWHU����
ZHHNV��)LJ��6����
5DSDP\FLQ�HIIHFW�RQ�LQflDPPDVRPH�
3DWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ�VKRZHG�ORZHU�P51$�UHODWLYH�H[SUHV��VLRQ�RI�SUR�LQflDPPDWRU\�F\WRNLQH�,/�����ZKLFK�LV�D�UHDGRXW�RI�LQflDP��
PDVRPH�activation (MD −0.45, 97.5%CI −1.09 to 0.18; S� �������IRU�UDSDP\FLQ���PJ�P�/d group and MD −0.60, 97.5%CI −1.18 to −0.01; S� �
������IRU�UDSDP\FLQ���PJ�P��G�JURXS���DQG�FRQVLVWHQWO\�D�PDUNHG�UHGXFWLRQ�LQ�SODVPDWLF�,/����SURWHLQ��0'�−107.80,������&,�−187.12�WR�
−28.48,�S� �������IRU�UDSDP\FLQ���PJ�P�/d group and MD −103.00, �����&,�−183.51�WR�−22.48;�S� �������IRU�UDSDP\FLQ���PJ�P��G�JURXS��IURP�
EDVHOLQH�WR�WUHDWPHQW�HQG�ZLWK�UHVSHFW�WR�SODFHER�DUP�SDWLHQWV��)LJ���H��I��7DEOH�6���7KHVH�HIIHFWV�ZHUH�ORVW�DW�VXEVHTXHQW�PHDVXUH��PHQWV�
GXULQJ�IROORZ�XS��ZHHN����DQG������)LJ���N��O���'XH�WR�WKH�KLJK�QXPEHU�RI�WHVWV�����RXWFRPHV�ZHUH�H[DPLQHG��WKHVH�UHVXOWV�VKRXOG�EH�LQWHUSUHWHG�
FDXWLRXVO\��
/RQJLWXGLQDO�DVVHVVPHQW�RI�QHXURfiODPHQW�
,Q�WKH�SODFHER�DUP�DQ�RYHUDOO�GHFUHDVH�LQ�QHXURfiODPHQW�OHYHOV�ZDV�REVHUYHG�VLQFH�WKH�fiUVW�IROORZ�XS�E\�VHULDO�PHDVXUHPHQWV�LQ�WKH�VHUXP��0'�
IURP�EDVHOLQH�LQ�VHUXP�S1I+�DW�ZHHN����−174.95�����������ZHHN�����
−289.35�����������week 30: −482.29�����������0'�IURP�EDVHOLQH�RI�VHUXP�1I/�DW�ZHHN����−11.61����������ZHHN�����−25.76����������ZHHN�����
−33.21������������7DEOHV�6���6����7KH�GHFUHDVH�RI�VHUXP�S1I+�DQG�1I/�OHYHOV�IURP�EDVHOLQH�WR�ZHHN����WKDW�ZDV�IRXQG�LQ�WKH�SODFHER�JURXS�

�1DWXUH�&RPPXQLFDWLRQV�_� ������� � ������� ��
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)LJ�� �� _� FKDQJHV� IURP�EDVHOLQH� LQ� EORRG� FHOOV� SRSXODWLRQ� DQG� LQflDPPDVRPH�
DFURVV�WUHDWPHQW�DUPV��3� �SODFHER��5�� �UDSDP\FLQ���PJ�P��G��5�� �UDSDP\FLQ�
��PJ�P��G��5� �FRPELQHG�UDSDP\FLQ�DUP���7KH�fiJXUH�GLVSOD\V�RQO\�D�VHOHFWLRQ�RI�
WKH�PRVW�LQWHUHVWLQJ�RXWFRPHV�����FHOO�VXESRSXODWLRQ�ZHUH�H[DPLQHG�DQG����
LQflDPPDVRPH�F\WRNLQHV��ZLWKRXW�DFFRXQWLQJ�IRU�PXOWLSOH�RXWFRPHV���,Q�GHWDLO�
IURP�OHIW�WR�ULJKW��FKDQJHV�IURP�EDVHOLQH�WR�ZHHN�����D��Q� ����SDWLHQWV��DQG����
�J�Q� ����SDWLHQWV��LQ�DFWLYDWHG��&'�����+/$�'5���&'����7�FHOOV��FKDQJHV�IURP�
EDVHOLQH�WR�ZHHN�����E��Q� ����SDWLHQWV��DQG�����K��Q� ����SDWLHQWV��LQ�DFWLYDWHG�
�&'�������+/$�'5���&'����7�FHOOV��FKDQJHV�IURP�EDVHOLQH�WR�ZHHN�����F�Q� ����
SDWLHQWV��DQG�����L��Q� ����SDWLHQWV��LQ�PHPRU\�VZLWFKHG�%�FHOOV��%�&��0HP��6Z����
FKDQJHV�IURP�EDVHOLQH�WR�ZHHN�����G��Q� ����SDWLHQWV��DQG�����M��Q� ����SDWLHQWV��LQ�
FODVVLFDO�PRQRF\WHV��&ODVV��0RQR����FKDQJHV�IURP�EDVHOLQH�WR�ZHHN�����H��Q� ����
SDWLHQWV��DQG�����N��Q� ����SDWLHQWV��LQ�,/���P51$�OHYHO��,/���P51$���FKDQJHV�IURP�
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EDVHOLQH�WR�ZHHN�����I��Q� ����SDWLHQWV��DQG�����O��Q� ����SDWLHQWV��RI�SODVPDWLF�,/����
&RPSDULVRQ�ZHUH�SHUIRUPHG�XVLQJ�OLQHDU�UHJUHVVLRQ�PRGHOV�WKDW�LQFOXGH�LQGLFDWRU�
YDULDEOHV�IRU�WUHDWPHQW�DUPV�DV�WKH�LQGHSHQGHQW�YDULDEOHV��)RU�WKH�FRPSDULVRQ�RI�
5DSDP\FLQ�DQG�SODFHER�DUPV��D�3�YDOXH�RI������RU�OHVV�ZDV�FRQVLGHUHG�WR�LQGLFDWH�
VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�LQ�UHVXOWV�ZDV�H[SUHVVHG�ZLWK�WKH�����FRQ��
fiGHQFH�LQWHUYDO��&,���)RU�WKH�FRPSDULVRQV�EHWZHHQ�5DSDP\FLQ���PJ�P��G�RU���PJ��
P��G�DUPV�DQG�WKH�SODFHER�DUP��D�3�YDOXH�RI�������RU�OHVV�ZDV�FRQVLGHUHG�WR�LQGLFDWH�
VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�LQ�UHVXOWV�ZDV�H[SUHVVHG�ZLWK�WKH�������&,��WR�
DFFRXQW�IRU�PXOWLSOH�DUPV�FRPSDULVRQ�ZLWK�WKH�%RQIHUURQL�PHWKRG��&,V�ZHUH�FDO��
FXODWHG�EDVHG�RQ�WKH�H[DFW�W�GLVWULEXWLRQ��$OO�VWDWLVWLFDO�WHVWV�ZHUH�WZR�WDLOHG��
�
PHDQV�S��������IRU�5�DQG�S���������IRU�5��DQG�5���

�PHDQV�S��������IRU�5�DQG�
S���������IRU�5��DQG�5��DUPV��(UURU�EDUV�UHSUHVHQW���VWDQGDUG�GHYLDWLRQ��6RXUFH�
GDWD�DUH�SURYLGHG�DV�D�6RXUFH�'DWD�fiOH��

�
�

�

ZDV�QRW�REVHUYHG�LQ�SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ��7KLV�GLIIHUHQFH�DPRQJ� WUHDWPHQW� DUPV� �S1I+� 0'� �������� ���&,� ������ WR� ��������S� �
������DQG�1I/�0'�����������&,������WR��������S� ��������ZDV�ORVW�
DIWHU�WUHDWPHQW�HQG��7DEOHV�6���6����6LPLODU�UHVXOWV�ZHUH�REWDLQHG�IURP�PHDVXUHPHQW�RI�&6)�S1I+�DQG�1I/�DW�ZHHN�����S1I+�0'������������&,�
−105.15�WR����������S� �������DQG�1I/�0'�������������&,��������WR����������S� ��������UHVSHFWLYHO\���7DEOH�6����
2WKHU� � � � ELRORJLFDO� � � � RXWFRPH� � � � PHDVXUHV� 0RQWKO\�FKDQJHV�RI�VHOHFWHG�ELRORJLFDO�RXWFRPH�PHDVXUHV�GXULQJ�DQG�DIWHU�
WUHDWPHQW�� DFURVV� DUPV� FRQfiUPHG� DQ� LQFUHDVH� RI� FODVVLFDO�PRQRF\WHV�&'�����0'������������&,������WR�������S� ���������DQG�PHPRU\�
VZLWFKHG�%� FHOOV�&'���� �0'� ������ �����&,� ����� WR� ������S� ���������DQG�D�GHFUHDVH�RI�LQWHUPHGLDWH�PRQRF\WHV�&'�����0'�
−3.28,������&,�−5.29�WR�−1.28;�S� ���������DQG�,/�����0'�−24.94,�������CI −41.58�to −8.30; S� ��������LQ�WKH�UDSDP\FLQ���PJ�P��GD\�DUP��7KH�
FKDQJH�IURP�EDVHOLQH�WR�HDFK�WLPH�SRLQW�RI�WKH�SKRVSKRU\ODWLRQ�RI�WKH�6�53�ZDV�QRW�GLIIHUHQW�EHWZHHQ�UDSDP\FLQ�DUPV�DQG�SODFHER�DUPV��WKLV�
WHVW�ZDV�SHUIRUPHG�RQ�D�OLPLWHG�QXPEHU�RI�VDPSOHV��7DEOH�6����&KDQJHV�IURP�EDVHOLQH�WR�HDFK�WLPH�SRLQW�LQ�FUHDWLQLQH�DQG�DOEXPLQ��&.��
YLWDPLQ�'��ZHUH�QRW�GLIIHUHQW�LQ�UDSDP\FLQ�DQG�SODFHER�DUPV��
6HFRQGDU\�FOLQLFDO�RXWFRPHV�
$EVROXWH�FKDQJHV�IURP�EDVHOLQH�WR�HDFK�WLPH�SRLQW�LQ�$/6)56�5�WRWDO�VFRUH�LQ�SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ�RU�SODFHER�LV�VKRZHG�LQ�7DEOH�
6����ZKHUHDV�$/6)56�5�YDULDWLRQ�EHIRUH��GXULQJ�DQG�DIWHU�WUHDW��PHQW�LV�VKRZHG�LQ�7DEOH����3DWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ���PJ�P��G�VKRZHG�D�
PHDQ�PRQWKO\�GLIIHUHQFH�RI������SRLQWV�LQ�WKH�$/6)56�5�WRWDO�VFRUH�ZLWK�UHVSHFW�WR�SODFHER�GXULQJ�treatment (97.5%CI −0.32 to ������S� ���������
DQG�RI�−0.12�DIWHU�WUHDWPHQW�������&,�−0.75�WR�������S� ���������7KH�GLIIHUHQFH�EHWZHHQ�WKH�UDSDP\FLQ���PJ�P��G�JURXS�DQG�WKH�SODFHER�JURXS�
LQ�WKH�FKDQJH�LQ�PRQWKO\�YDULDWLRQV�IURP�EHIRUH�WR�GXULQJ�WUHDWPHQW�ZDV������������&,�−0.21�WR�������S� ���������)LJXUHV���DQG�6��VKRZ�WKH�PHDQ�
DQG�LQGLYLGXDO�UDWH�RI�GHFOLQH�RI�WKH�$/6)56�5�WRWDO�VFRUHV��
&RUUHODWLRQ�DQDO\VHV�ZDV�SHUIRUPHG�RQ�FKDQJHV�LQ�$/6)56�U�DQG�QHXURfiODPHQW�OHYHOV�WR�LQYHVWLJDWH�ZKHWKHU�D�UHODWLRQ�H[LVWHG�EHWZHHQ�FOLQLFDO�
DQG�ELRORJLFDO�RXWFRPHV��,Q�WKH�SODFHER�DUP��DQ�LQYHUVH�FRU��UHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�FKDQJH��ZHHN���–EDVHOLQH��LQ�VHUXP�DQG�&6)�
QHXURfiODPHQW�OLJKW�OHYHOV�DQG�WKH�FKDQJH��EDVHOLQH�– ZHHN�����LQ� $/6)56�5� �3HDUVRQ’V�U� FRHIfiFLHQW�� −0.41,� ���� &,� ����� WR� −0.74, S� �������
EHWZHHQ�VHUXP�1)/�FKDQJHV�DQG�$/6)56�5��DQG�U�FRHIfiFLHQW��−0.58,�����&,�−0.01�WR�−0.86,�S� �������EHWZHHQ�&6)�1)/�FKDQJHV�DQG��
�1DWXUH�&RPPXQLFDWLRQV�_� ������� � ������� ��
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7DEOH���_�&KDQJHV�RI�$/6)56�5�PRQWKO\�GHFOLQH�GXULQJ�DQG�DIWHU�WUHDWPHQW�DFURVV�WUHDWPHQW�DUPV�
�
2XWFRPH� 3HULRG� $UP� 0'� &,�  S�
$/6)56�5�
7RWDO�VFRUH�

%HIRUH�WUHDWPHQW� 0RQWKO\�YDULDWLRQ�
�

'XULQJ�
3ODFHER� −����� −����� −����� �������
3ODFHER� −����� −����� −����� �������

 7UHDWPHQW�      

 
�

$IWHU�WUHDWPHQW� 3ODFHER� −����� −����� −����� �������
 

�

%HIRUH�WUHDWPHQW� 5DSDP\FLQ���PJ� −����� −����� −����� �������
 

�

'XULQJ� 5DSDP\FLQ���PJ� −����� −����� −����� �������
 7UHDWPHQW�      

 
�

$IWHU�WUHDWPHQW� 5DSDP\FLQ���PJ� −����� −����� −����� �������
 

�

%HIRUH�WUHDWPHQW� 5DSDP\FLQ���PJ� −����� −����� −����� �������
 

�

'XULQJ� 5DSDP\FLQ���PJ� −����� −����� −����� �������
 7UHDWPHQW�      

 
�

$IWHU�WUHDWPHQW� 5DSDP\FLQ���PJ� −����� −����� −����� �������
 %HIRUH�WUHDWPHQW� %HWZHHQ�JURXSV�DQDO\VLV��FRPSDULVRQ�ZLWK�SODFHER��PRQWKO\�YDULDWLRQ�� 5DSDP\FLQ���PJ� ����� −����� ����� �������

  5DSDP\FLQ���PJ� −����� −����� ����� �������
 5DSDP\FLQ� ����� −����� ����� �������

'XULQJ�  5DSDP\FLQ���PJ� ����� −����� ����� �������
WUHDWPHQW�  5DSDP\FLQ���PJ� −����� −����� ����� �������
  5DSDP\FLQ� ����� −����� ����� �������
$IWHU�WUHDWPHQW�  5DSDP\FLQ���PJ� −����� −����� ����� �������
  5DSDP\FLQ���PJ� −����� −����� ����� �������

5DSDP\FLQ� −����� −����� ����� �������
'XULQJ� ,QWUD�JURXS�DQDO\VLV��FRPSDULVRQ�ZLWK�EHIRUH�WUHDWPHQW�SHULRG��PRQWKO\� 3ODFHER� −����� −����� −����� �������
WUHDWPHQW� YDULDWLRQ�� 5DSDP\FLQ���PJ� −����� −����� ����� �������
  5DSDP\FLQ���PJ� −����� −����� −����� �������
$IWHU�WUHDWPHQW�  3ODFHER� −����� −����� ����� �������
  5DSDP\FLQ���PJ� −����� −����� −����� �������

5DSDP\FLQ���PJ� −����� −����� −����� �������
 'XULQJ� %HWZHHQ�JURXSV�DQDO\VLV��FRPSDULVRQ�ZLWK�SODFHER��GLIIHUHQFH�LQ�PRQWKO\� 5DSDP\FLQ���PJ� ����� −����� ����� �������
 WUHDWPHQW� YDULDWLRQ�FRPSDUHG�WR�EHIRUH�WUHDWPHQW�SHULRG�� 5DSDP\FLQ���PJ� −����� −����� ����� �������

5DSDP\FLQ� ����� −����� ����� �������
�

$IWHU�WUHDWPHQW� 5DSDP\FLQ���PJ� −����� −����� ����� �������
 5DSDP\FLQ���PJ� −����� −����� ����� �������

5DSDP\FLQ� −����� −����� ����� �������

6RXUFH� � � � � � � � GDWD� � � � � � � DUH� � � � � � � � SURYLGHG� � � � � � � � DV� � � � � � � � D� � � � � � � � 6RXUFH� � � � � � � 'DWD� � � � � � � fiOH��
$YHUDJH�PRQWKO\�YDULDWLRQV�EHIRUH��GXULQJ�DQG�DIWHU�WUHDWPHQW�IRU�WKH�SODFHER�JURXS��DV�ZHOO�DV�WKH�FRPSDULVRQV�EHWZHHQ�DUPV��DUH�VKRZQ��&RPSDULVRQV�ZHUH�SHUIRUPHG�XVLQJ�VHJPHQWHG�UHSHDWHG�
PHDVXUHV�OLQHDU�PL[HG�PRGHOV��7KUHH�VHJPHQWV�RI�WLPH�ZHUH�DQDO\]HG��EHIRUH�WUHDWPHQW��IURP�RQVHW�WR�EDVHOLQH���GXULQJ�WUHDWPHQW��DIWHU�EDVHOLQH�DQG�XS�WR�ZHHN������DQG�DIWHU�WUHDWPHQW��DIWHU�
ZHHN������7KH�GHSHQGHQW�YDULDEOHV�ZHUH�WKH�UDZ�PHDVXUHPHQWV�RI�WKH�RXWFRPHV��ZKHUHDV�WKH�LQGHSHQGHQW�YDULDEOHV�ZHUH��DUP��WLPH��PRQWKV�IURP�EDVHOLQH���SHULRG��EHIRUH��GXULQJ�RU�DIWHU�
WUHDWPHQW���DQG�DOO�WKHLU�SDLUZLVH�DQG�WKUHH�ZD\�LQWHUDFWLRQV��$�UDQGRP�LQWHUFHSW�WHUP�ZDV�DOVR�XVHG�WR�DFFRXQW�IRU�UHSHDWHG�PHDVXUHPHQWV�RYHU�WKH�VDPH�LQGLYLGXDO��DV�ZHOO�DV�D�UDQGRP�VORSH�WHUP�
ZDV�XVHG�WR�DFFRXQW�IRU�LQGLYLGXDO�OLQHDU�YDULDWLRQV�RYHU�WLPH��5DQGRP�LQWHUFHSW�DQG�UDQGRP�VORSH�WHUPV�ZHUH�NHSW�LQ�WKH�PRGHO�LI�WKH\�LPSURYHG�WKH�RYHUDOO�JRRGQHVV�RI�fiW�RI�WKH�PRGHO��)RU�WKH�
FRPSDULVRQV�EHWZHHQ�5DSDP\FLQ���PJ�P��G�RU���PJ�P��G�DUPV�DQG�WKH�SODFHER�DUP��D�3�YDOXH�RI�������RU�OHVV�ZDV�FRQVLGHUHG�WR�LQGLFDWH�VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�LQ�UHVXOWV�ZDV�
H[SUHVVHG�ZLWK�WKH�������FRQfiGHQFH�LQWHUYDO��&,���WR�DFFRXQW�IRU�PXOWLSOH�DUPV�FRPSDULVRQ�ZLWK�WKH�%RQIHUURQL�PHWKRG��)RU�WKH�FRPSDULVRQ�RI�5DSDP\FLQ�DQG�SODFHER�DUPV��DV�ZHOO�DV�IRU�PRQWKO\�
YDULDWLRQV�DQG�IRU�WKH�LQWUD�JURXS�FRPSDULVRQV��D�3�YDOXH�RI������RU�OHVV�ZDV�FRQVLGHUHG�WR�LQGLFDWH�VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�LQ�UHVXOWV�ZDV�H[SUHVVHG�ZLWK�WKH�����&,��&,V�ZHUH�
FDOFXODWHG�EDVHG�RQ�WKH�H[DFW�W�GLVWULEXWLRQ�XVLQJ�WKH�6DWWHUWKZDLWH9V�PHWKRG�IRU�GHJUHHV�RI�IUHHGRP��$OO�VWDWLVWLFDO�WHVWV�ZHUH�WZR�WDLOHG��
0'�PHDQ�GLIIHUHQFH��&,�FRQfiGHQFH� LQWHUYDO��

$/6)56�5���LQGLFDWLQJ�D�GHFUHDVH�LQ�QHXURfiODPHQW�ZKLOH�LQFUHDVLQJ�
GLVHDVH�SURJUHVVLRQ��&RUUHODWLRQ�DQDO\VHV�DPRQJ�WKH�FKDQJH��ZHHN�
��–EDVHOLQH�� LQ� VHUXP�DQG�&6)�QHXURfiODPHQW� OLJKW� OHYHOV�DQG� WKH�
FKDQJH��EDVHOLQH���ZHHN�����LQ�$/6)56�5�ZLWKLQ�UDSDP\FLQ�DUP�VKRZHG�
QR�FRUUHODWLRQ��3HDUVRQ’VU�FRHIfiFLHQW�ZDV�����������&,�−0.50�WR�������
S� ��������EHWZHHQ�$/6)56�5�DQG�VHUXP�1)/�FKDQJH��Z��–Z����DQG�
����������&,�−0.65�WR�������S� ��������EHWZHHQ�$/6)56�5�DQG�&6)�1)/�
FKDQJHV��Z��–Z����6LPLODU�UHVXOWV�ZHUH�REWDLQHG�ZLWK�S1I+��)LJ������
&RPSDULVRQ� DPRQJ� FRUUHODWLRQ� FRHIfiFLHQWV� VKRZHG� D� QHDUO\� VLJ��
QLfiFDQW�GLIIHUHQFH�EHWZHHQ�UDSDP\FLQ�DQG�SODFHER�DUP�LQ�VHUXP�1I/�
�S� ���������� WKH� GLIIHUHQFH� ZDV� OHVV� SURQRXQFHG� IRU� S1I+� �S�
 ����������

7KHUH� ZHUH� QR� VWDWLVWLFDOO\� VLJQLfiFDQW� GLIIHUHQFHV� EHWZHHQ�
SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ�DQG�SODFHER�DV�IDU�DV�3(*��������LQ�WKH�
SODFHER� JURXS�� ������ LQ� WKH� UDSDP\FLQ� JURXS�� S� �������� RU� 1,9�

SRVLWLRQLQJ� ������� LQ� WKH� SODFHER� JURXS�� ������ LQ� WKH� UDSDP\FLQ�
JURXS��S� ��������DUH�FRQFHUQHG��'XULQJ�WKH�VWXG\������RI�SDWLHQWV�
WUHDWHG�ZLWK�UDSDP\FLQ�DQG������RI�SDWLHQWV�LQ�WKH�SODFHER�JURXS�KDG�
GLHG��S� ���������7KHUH�ZDV�RQO\�RQH�,9�LQ�WKH�SODFHER�JURXS��7KH�PRVW�
FRPPRQ�FDXVH�RI�GHDWK�ZDV�UHVSLUDWRU\�IDLOXUH��DFFRXQWLQJ�IRU�WKUHH�RI�
WKH�IRXU�GHDWKV��D�fiQGLQJ�FRQVLVWHQW�ZLWK�WKH�QDWXUDO�KLVWRU\�RI�$/6��

$� SRVW�KRF� DQDO\VLV� RQ� WUDFKHRVWRP\�IUHH� VXUYLYDO� ZLWK� ODVW�
REVHUYDWLRQ� VHW� RQ� ��VW� 'HFHPEHU� ������ VKRZHG� WKDW� ������ RI�
SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ�DQG�������RI�SDWLHQWV�LQ�WKH�SODFHER�
JURXS�KDG�GLHG�RU�XQGHUZHQW�WUDFKHRVWRP\��QRW�D�VWDWLVWLFDOO\�VLJ��
QLfiFDQW�GLIIHUHQFH��S� ���������7DEOH�6����)LJ��6����7KHUH�ZHUH�QR�
VLJQLfiFDQW�GLIIHUHQFHV�LQ�WKH�PHDQ�DEVROXWH�FKDQJH�IURP�EDVHOLQH�WR�
HDFK�WLPH�SRLQW�LQ�WKH�)9&��DW�ZHHN�����0'������������&,�−9.798�WR�
�������S� �������IRU�UDSDP\FLQ���PJ�P�/d group, and MD −4.57, 97.5% 
&,� −17.56� WR� ������ S� ������� IRU� UDSDP\FLQ� ��PJ�P��G� JURXS��

1DWXUH�&RPPXQLFDWLRQV�_� ������� � ������� ��
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�7DEOH�6����)LJ��6����7KHUH�ZHUH�QR�VLJQLfiFDQW�GLIIHUHQFHV�LQ�WKH�PHDQ�
DEVROXWH�FKDQJH� IURP�EDVHOLQH� WR�HDFK� WLPH�SRLQW� LQ� WKH�$/6$4���
VFRUHV� �7DEOHV� 6���� 6����� $/6$4��� PDLQ� TXHVWLRQV� VFRUHV� DUH�
UHSUHVHQWHG�LQ�)LJ�����&RUUHODWLRQV�DPRQJ�FOLQLFDO�RXWFRPH�PHDVXUHV�
DUH�SUHVHQWHG�LQ�7DEOH�6����

�
�

�
�

�
�

�
�

�

�
)LJ����_�0HDQ�UDWHV�RI�GHFOLQH�LQ�$P\RWURSKLF�/DWHUDO�6FOHURVLV�)XQFWLRQDO�5DWLQJ�
6FDOH�5HYLVHG��$/6)56�5��WRWDO�VFRUH��,QWHQWLRQ�WR�7UHDW�SRSXODWLRQ��RI�SDWLHQWV�
HQUROOHG�LQ�5$3�$/6�RYHU�WKH�VWXG\��EDVHOLQH�WR�ZHHN�����EDVHG�RQ�WUHDWPHQW�
DUP�DOORFDWLRQ��UHG� �5���UDSDP\FLQ���PJ�P��G��YLROHW� �5���UDSDP\FLQ���PJ�P���
G��EOXH� �3��SODFHER���6RXUFH�GDWD�DUH�SURYLGHG�DV�D�6RXUFH�'DWD�fiOH��

6DIHW\�DQG�GUXJ�DGKHUHQFH�
$�WRWDO�RI����RYHU����LQGLYLGXDOV�������LQ�WKH�UDSDP\FLQ�JURXS�DQG����
RYHU����LQGLYLGXDOV�������LQ�WKH�SODFHER�JURXS�KDG�RQH�RU�PRUH�$(V�
GXULQJ�WKH�WULDO��7DEOH�6�����7KH�WRWDO�QXPEHU�RI�UHSRUWHG�$(V�ZDV����
IRU�SODFHER�DUP��DQG����IRU�WKH�UDSDP\FLQ�DUPV��6HYHUH�$(V��6$(V��
ZHUH��LQ�WKH�SODFHER�JURXS��������RI�WRWDO�$(V�LQ�WKDW�JURXS���DQG���LQ�
WKH�UDSDP\FLQ�JURXSV��������RI�WRWDO�$(V�LQ�WKRVH�JURXSV���7DEOH�6�����
$PRQJ�WKH�WRWDOLW\�RI�$(V��IRXU�FDXVHG�WUHDWPHQW�GLVFRQWLQXDWLRQ��RQH�
LQ�WKH�SODFHER�JURXS�DQG�WKUHH�LQ�WKH�UDSDP\FLQ�JURXSV���7DEOH�6�����

,QGLYLGXDOV�ZLWK�6$(V�ZHUH�����ERWK�LQ�WKH�SODFHER�DQG�LQ�WKH�
UDSDP\FLQ�JURXSV��7DEOH�6�����

(YHQWV�RFFXUULQJ�DW�D�JUHDWHU�IUHTXHQF\�LQ�WKH�UDSDP\FLQ�JURXS�
ZHUH� SULPDULO\� VNLQ� DQG� VXEFXWDQHRXV� WLVVXH� GLVRUGHUV� �HU\WKHPD��
SUXULWXV�� UDVK�� FRQMXQFWLYLWLV�� GHUPDWLWLV�� HF]HPD��� WKHQ� JDVWUR��
LQWHVWLQDO� GLVRUGHUV�� LQMXULHV�� UHVSLUDWRU\� GLVRUGHUV�� KHDGDFKH� DQG�
SV\FKLDWULF�GLVRUGHUV��7DEOH����7KH�PDMRULW\�RI�6$(V�ZHUH�UHSUHVHQWHG�
E\�FRPSOLFDWLRQV�UHODWHG�WR�GLVHDVH�SURJUHVVLRQ��VXFK�DV�G\VSKDJLD�
DQG�KRVSLWDO�DGPLVVLRQV�WR�XQGHUJR�3(*�SRVLWLRQLQJ��RU�UHVSLUDWRU\�
IDLOXUH�SQHXPRQLD��2QH�VXEMHFW�FRPPLWWHG�VXLFLGH��
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�
)LJ����_�&KDQJHV�IURP�ZHHN����WR�EDVHOLQH�LQ�VHUXP�1HXURfiODPHQW�/LJKW��1I/��DQG�SKRVSKRU\ODWHG�1HXURfiODPHQW�+HDY\��S1I+��LQ�UHODWLRQ�WR�SURJUHVVLRQ�UDWH�
DFURVV�WUHDWPHQW�DUPV��,Q�GHWDLO�IURP�OHIW�WR�ULJKW��XSSHU�SDQHOV��FKDQJHV�IURP�ZHHN����WR�EDVHOLQH�LQ�VHUXP�S1I+�LQ�UDSDP\FLQ��D��DQG�SODFHER�DUP��E���LQ�UHODWLRQ�
WR�SURJUHVVLRQ�UDWH�FDOFXODWHG�DV�WKH�PRQWKO\�GHFOLQH�LQ�WKH�$/6)56�5�IURP�EDVHOLQH�WR�ZHHN�����)URP�OHIW�WR�ULJKW��ORZHU�SDQHOV��FKDQJHV�IURP�ZHHN����WR�EDVHOLQH�LQ�
VHUXP�1I/�LQ�UDSDP\FLQ��F��DQG�SODFHER�DUP��G���LQ�UHODWLRQ�WR�SURJUHVVLRQ�UDWH�FDOFXODWHG�DV�WKH�PRQWKO\�GHFOLQH�LQ�WKH�$/6)56�5�IURP�EDVHOLQH�WR�ZHHN�����,QGLYLGXDO�
GLIIHUHQFHV�LQ�QHXURfiODPHQW�FRQFHQWUDWLRQ�EHWZHHQ�ZHHN����DQG�EDVHOLQH�DUH�SORWWHG�DV�FRORUHG�V\PEROV��5DSDP\FLQ�DUPV�LQ�UHG��SODFHER�DUP�LQ�EOXH���7KH�VKDGHG�
DUHDV�UHSUHVHQW�WKH�����FRQfiGHQFH�LQWHUYDOV�DURXQG�WKH�PRGHO�HVWLPDWHV��7KH�OLQHV�DQG�FRQfiGHQFH�LQWHUYDOV�DUH�GUDZQ�IURP�WKH�DFWXDO�GLVWULEX��WLRQV�RI�OLQHDU�PRGHO�
fiWV��$OO�VWDWLVWLFDO�WHVWV�ZHUH�WZR�WDLOHG��6RXUFH�GDWD�DUH�SUR��YLGHG�DV�D�6RXUFH�'DWD�fiOH��

�1DWXUH�&RPPXQLFDWLRQV�_� ������� � ������� ��
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)LJ����_�0HDQ�VFRUHV�RI�$/6�$VVHVVPHQW�4XHVWLRQQDLUH��$/6$4����IURP�EDVHOLQH�
WR�VWXG\�HQG�DFURVV�WUHDWPHQW�DUPV��$–(�7KHVH�VKRZ�WKH�WUHDWPHQW�GHSHQGHQW�
PHDQ�VFRUHV�RI�$/6$4���SK\VLFDO�PRELOLW\��$FWLYLW\�'DLO\�/LYLQJ��$'/��DQG�LQGH��
SHQGHQFH��HDWLQJ�DQG�GULQNLQJ��FRPPXQLFDWLRQ��DQG�HPRWLRQDO�IXQFWLRQLQJ�PDLQ�
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TXHVWLRQV��UHVSHFWLYHO\��IURP�EDVHOLQH�WR�VWXG\�HQG��3DQHO�)�VKRZV�$/6$4���PHDQ�
WRWDO�VFRUH�IURP�EDVHOLQH�WR�VWXG\�HQG��UHG� �5���UDSDP\FLQ���PJ�P��G��YLROHW� �5���
UDSDP\FLQ���PJ�P��G��EOXH� �3��SODFHER��,QWHQWLRQ�WR�WUHDW�SRSXODWLRQ���6RXUFH�GDWD�
DUH�SURYLGHG�DV�D�6RXUFH�'DWD�fiOH��

�
�

�

2I�QRWH��WKHUH�ZDV�D�FDVH�RI�DFXWH�KHSDWLWLV�SUREDEO\�UHODWHG�WR�
WKH� VWXG\� GUXJ�� WKDW�RFFXUUHG� LQ�D� VXEMHFW� DOORFDWHG� WR� WKH� UDSD��
P\FLQ���PJ�P��GD\� WUHDWPHQW�DUP��ZKR�KDG� D�YHU\�KLJK� SHDN�RI�
UDSDP\FLQ� DW� fiUVW� EORRG� GRVDJH� DQG� IRU� ZKRP� GRVH� UHGXFWLRQ�
DSSOLHG�� 1R� SHUPDQHQW� FRQVHTXHQFHV� KDG� EHHQ� UHSRUWHG� IURP�
WKLV�HYHQW��

$�WRWDO�RI�����RI�WKH�SDUWLFLSDQWV�GURSSHG�RXW�GXULQJ�WKH�VWXG\�
WUHDWPHQW�����LQ�WKH�SODFHER�JURXS�DQG�������LQ�WKH�UDSDP\FLQ�JURXS��
'XULQJ�IROORZ�XS�WLPH������RI�SDWLHQWV�LQ�HDFK�JURXS�DEDQGRQHG�WKH�
VWXG\��(YHQWV�OHDGLQJ�WR�GLVFRQWLQXDWLRQ�RI�WKH�WUHDWPHQW�DUH�SUH��
VHQWHG�LQ�7DEOH�6����'DWD�RQ�DGKHUHQFH�WR�WKH�WULDO�UHJLPHQ�DUH�VXP��
PDUL]HG�LQ�7DEOH�6����

1DWXUH�&RPPXQLFDWLRQV�_� ������� � ������� ��
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�
7DEOH���_�7UHDWPHQW�HPHUJHQW�DGYHUVH�HYHQWV�

�
7UHDWPHQW�HPHUJHQW�DGYHUVH�
HYHQWV��0HG'5$�SUHIHUUHG�WHUP�

3/$��
&(%2�
�Q� �����

�

Q� � ��

5DSDP\FLQ�
��PJ�P���
G��Q� �����

�

Q� � ��

5DSDP\FLQ�
��PJ�P���
G��Q� �����

Q� ��
%ORRG�DQG�O\PSKDWLF�V\VWHP�
GLVRUGHUV�

�� ����� �� ����� �� �����

'HSUHVVLRQ�DQG�VXLFLGH�VHOI�LQMXU\� �� ����� �� ����� �� �����
(DU�DQG�ODE\ULQWK�GLVRUGHUV� �� ����� �� ����� �� �����
(\H�GLVRUGHUV� �� ����� �� ����� �� �����
*DVWURLQWHVWLQDO�GLVRUGHUV� �� ����� �� ����� �� �����
*HQHUDO�GLVRUGHUV�DQG�DGPLQLVWUD��
WLRQ�VLWH�FRQGLWLRQV�

�� ����� �� ����� �� �����

,QIHFWLRQV�DQG�LQIHVWDWLRQV� �� ������ �� ������ �� ������
,QMXU\��SRLVRQLQJ��DQG�SURFHGXUDO�
FRPSOLFDWLRQV�

�� ������ �� ����� �� ������

,QYHVWLJDWLRQ� �� ����� �� ����� �� �����
0HWDEROLVP�DQG�QXWULWLRQ�
GLVRUGHUV�

�� ����� �� ����� �� �����

0XVFXORVNHOHWDO�DQG�FRQQHFWLYH�
WLVVXH�GLVRUGHUV�

�� ����� �� ����� �� �����

1HUYRXV�V\VWHP�GLVRUGHUV� �� ����� �� ����� �� �����
3V\FKLDWULF�GLVRUGHUV� �� ����� �� ����� �� �����
5HQDO�DQG�XULQDU\�GLVRUGHUV� �� ����� �� ����� �� �����
5HQDO�DQG�XULQDU\�GLVRUGHUV4 
,QYHVWLJDWLRQ�

�� ����� �� ����� �� �����

5HVSLUDWRU\��WKRUDFLF��DQG�PHG��
LDVWLQDO�GLVRUGHUV�

�� ����� �� ������ �� ������

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�
GLVRUGHUV�

�� ����� �� ������ �� ������

9DVFXODU�GLVRUGHUV� �� ����� �� ����� �� �����
1RW�FODVVLfiHG� �� ����� �� ����� �� �����

�
'UXJ� � � � � � � � � GRVDJH� � � � � � � � � DVVHVVPHQW�
3ODVPD�OHYHOV�RI�UDSDP\FLQ�DW�GLIIHUHQW�WLPH�SRLQWV�IRU�HDFK�WUHDWPHQW�
DUP�DUH�GLVSOD\HG�LQ�)LJ��6���:KLOH�SDWLHQWV�ZKR�ZHUH�DOORFDWHG�WR�
UDSDP\FLQ���PJ�P��GD\�WUHDWPHQW�KDG�D�TXLWH�VWDEOH�SODVPD�GRVDJH��
SDWLHQWV�DOORFDWHG�WR�WKH�RWKHU�WUHDWPHQW�DUP��GXULQJ�WKH�fiUVW�GRVDJHV�
SUHVHQWHG�DQ�LQLWLDO�SHDN��ZLWK�SODVPD�OHYHOV�DERYH�WKH�XSSHU�OLPLW�RI�
WKHUDSHXWLF�UDQJH�DQG�DOVR�RI�WKH�VDIHW\�WKUHVKROG�����QJ�PO���WKDW�QH[W�
UHTXLUHG�GUXJ�UH�GRVLQJ�HLWKHU�WR���PJ�P��GD\�DUP�RU�WR�WKH�PLQLPDO�
GRVH�RI���PJ�GD\��)LQDOO\��H[DPLQLQJ�&6)�VDPSOHV�RI�SDWLHQWV�DW�ZHHN����
E\�/&�06�06�D�FOHDU�SHDN�FRUUHVSRQGLQJ�WR�6LUROLPXV�ZDV�QRW�GHWHF��
WHG�QHLWKHU�LQ�WKH�&6)�RI�WUHDWHG�SDWLHQWV��QRU�LQ�WKH�&6)�RI�SOD��
FHER��)LJ��6����

'LVFXVVLRQ�
7KLV�FOLQLFDO�WULDO�PHDVXUHG�WKH�ELRORJLFDO��FOLQLFDO�DQG�VDIHW\�HIIHFWV�RI�
UDSDP\FLQ�RQ�SDWLHQWV�DIIHFWHG�E\�$/6��8QIRUWXQDWHO\��WKH�SULPDU\�
RXWFRPH�PHDVXUH� FRXOG� QRW� EH� VDWLVfiHG� DOVR� GXH� WR� WKH� UHGXFHG�
QXPEHU�RI�VDPSOHV�WKDW�FRXOG�EH�DQDO\]HG�DW�ZHHN�����WR�ZKLFK�WKH�
&29,'����SDQGHPLF� VLJQLfiFDQWO\�FRQWULEXWHG��1RWZLWKVWDQGLQJ�RXU�
H[SHFWDWLRQV�IRU�DQ�LQHYLWDEOH�ORVV�LQ�VDPSOHV�DW�WUHDWPHQW�HQG��WKLV�OHG�
WR�D�fiQDO�VDPSOH�VL]H�RI����RQ�ZKLFK�WKH�SULPDU\�HQGSRLQW�ZDV�DVVHV��
VHG��7KHUHIRUH��ZH�FRXOG�QRW�GHPRQVWUDWH�D�VLJQLfiFDQW�HIIHFW�RI�WKH�
VWXG\�GUXJ�RQ�7UHJ�O\PSKRF\WHV��DQG�WKH�TXHVWLRQ�DV�WR�ZK\�VRPH�
VXEMHFWV�GLG�QRW� VKRZ�WKH�H[SHFWHG�7UHJV� LQFUHDVH� LQ� UHVSRQVH�WR�
UDSDP\FLQ�UHPDLQV��

,QWHU�LQGLYLGXDO�YDULDWLRQ�DPRQJVW�$/6�SDWLHQWV�LQ�WKH�DELOLW\�WR�
LQFUHDVH�7UHJV�LQ�UHVSRQVH�WR�WUHDWPHQW�KDYH�EHHQ�UHFHQWO\�REVHUYHG�
LQ�RWKHU�5&7V����6LQFH�UDSDP\FLQ�HIIHFW�RQ�P725�UHVXOWV�IURP�D�GHOL��
FDWH�HTXLOLEULXP�EHWZHHQ�WLPH�DQG�GRVHV��PDQ\�IDFWRUV�PD\�DIIHFW�WKH�
KLJKO\�YDULDEOH�LQGLYLGXDO�GUXJ�UHVSRQVH�LQFOXGLQJ�ORZ�ELRDYDLODELOLW\�

�
FDXVHG�E\�OLYHU�DQG�JXW�PHWDEROLVP��JHQHWLF�FKDQJHV�LQ�WKH�HQ]\PHV�
�PDLQO\� &<3�$�� DQG� &<3�$��� LQYROYHG� LQ� UDSDP\FLQ� PHWDEROLVP��
WUDQVSRUWDWLRQ�DQG�SKDUPDFRG\QDPLFV����

)XUWKHUPRUH�� LQFUHDVHG� H[SUHVVLRQ� RI� WKH� P725�LQWHUDFWLQJ�
5DSWRU�SURWHLQ��LQFUHDVHG�SKRVSKRU\ODWLRQ�RI�$NW��DQG�DFWLYDWLRQ�RI�
JURZWK�UHODWHG� WUDQVFULSWLRQDO� IDFWRU� $3��� PD\� LQGXFH� UDSDP\FLQ�
UHVLVWDQFH����DV�ZHOO�DV�PXWDQW�62'�����7KH�FRPSOH[�DQG�LQFRPSOHWHO\�
XQGHUVWRRG� DFWLRQ� RI�P725� LQ� ERWK� WKH� UHJXODWLRQ� RI� O\PSKRF\WH�
GLIIHUHQWLDWLRQ�DQG�WKH�HQKDQFHPHQW�RI�DXWRSKDJ\��PD\�DOVR�H[SODLQ�
ZK\�LQ�D�SRVW�KRF�DQDO\VLV�ZH�GLG�QRW�fiQG�UHGXFHG�7K��PDUNHUV�LQ�WKH�
WUHDWHG�JURXS��EHVLGHV�WKH�VPDOO�VDPSOH�DQDO\]HG��D�SUHYLRXV�VWXG\�
GHPRQVWUDWHG�WKDW�UDSDP\FLQ�\LHOGV�DQ�DQWL�DSRSWRWLF�7K��7F��HIIHFWRU�
SKHQRW\SH�E\�SURPRWLQJ�DXWRSKDJ\����,Q�IDFW��P725�EORFNDGH�GXULQJ�
KXPDQ�7K��7F��FHOO�JHQHUDWLRQ�LQGXFHG�DXWRSKDJ\��ZKLFK�SURPRWHG�
WKH�VXUYLYDO�RI�DQ�DQWL�DSRSWRWLF�7�FHOO�SRSXODWLRQ�WKDW�SRVVHVVHV�WKH�
FDSDFLW\�WR�SHUVLVW�LQ�YLYR�IRU�SURORQJHG�LQWHUYDOV����)LQDOO\��LI�UDSD��
P\FLQ�HIIHFW�RQ�LPPXQH�UHVSRQVH�LV�GRVH�GHSHQGHQW��D�KLJK�H[SRVXUH�
WR�UDSDP\FLQ�PD\�DOVR�FDXVH�LQKLELWLRQ�RI�P725&��ZLWK�GHWULPHQWDO�
LPPXQRORJLF� DQG�PHWDEROLF� FRQVHTXHQFHV���� 7KLV�PD\� H[SODLQ� WKH�
GLIIHUHQW�UHVXOWV�REWDLQHG�RQ�VHYHUDO�LPPXQRORJLFDO�SDUDPHWHUV�LQ�WKH�
JURXS�WUHDWHG�ZLWK�UDSDP\FLQ���PJ�P��G��

$PRQJ� VHFRQGDU\� ELRORJLFDO� RXWFRPH� PHDVXUHV� ZH� REVHUYHG�
FKDQJHV�RQ�%�DQG�7�FHOO�VXESRSXODWLRQV��PRQRF\WHV��DQG�RQ�,/�����
ZKLFK�FRXOG�EH�VXJJHVWLYH�RI�D�UDSDP\FLQ�PHGLDWHG�HIIHFW�RQ�QHX��
URLQflDPPDWLRQ� LQ� $/6�� ZKHUH� PLVIROGHG� SURWHLQ� DJJUHJDWHV� PD\�
DFWLYDWH�D�FDVFDGH�RI�HYHQWV�WKDW�GULYHV�FKURQLF�LQflDPPDWLRQ�DQG�
VHFUHWLRQ� RI� SURLQflDPPDWRU\� F\WRNLQHV�� DPRQJ� ZKLFK� ,/����� WKDW�
fiQDOO\�OHDGV�WR�WLVVXH�GDPDJH�DQG�FHOO�GHDWK����1RQHWKHOHVV��WKHVH�
UHVXOWV�VKRXOG�EH�LQWHUSUHWHG�FDXWLRXVO\�DQG�UHTXLUH�FRQfiUPDWLRQ�LQ�
ODUJHU� VWXGLHV�� FRQVLGHULQJ� WKDW� ZH� GLG� QRW� DSSO\� FRUUHFWLRQV� IRU�
PXOWLSOH�WHVWV��

7RJHWKHU� ZLWK� WKH� DERYH� PHQWLRQHG� OLPLWDWLRQ�� WKH� LQFUHDVH� LQ�
FODVVLFDO�PRQRF\WHV� DQG� WKH� UHGXFWLRQ� LQ� LQWHUPHGLDWH�PRQRF\WHV� LQ�
SDWLHQWV� WUHDWHG� ZLWK� UDSDP\FLQ�� LV� HYHQ�PRUH� GLIfiFXOW� WR� LQWHUSUHW�
EHFDXVH�RI�WKH�XQFHUWDLQW\�RQ�WKHLU�UROH�LQ�$/6��DQG�LI�PRQRF\WH�VXE��
VHWV�DQG�DFWLYDWLRQ�SURfiOHV�DUH�DOWHUHG�GHSHQGLQJ�RQ�WKH�VWDJH�RI�WKH�
GLVHDVH��L�H���WKH�FKDQJHV�DUH�D�UHVSRQVH�WR�GLVHDVH�DQG�WKHLU�FKDQJHV�
VXJJHVW�WKDW� WKH� LPPXQH�V\VWHP�EHFRPHV�PRUH�DFWLYDWHG�DV�WKH�GLV��
HDVH�SURJUHVVHV��RU� LI�WKH\�DUH�LQVWHDG�SDWKRJHQHWLF�GHVHUYHV�IXUWKHU�
VWXGLHV��–����7KH�UROH�RI�%�FHOOV� LQ�$/6�KDV� WR�EH�HVWDEOLVKHG�\HW��EXW�
LQFUHDVH� LQ� VZLWFKHG�PHPRU\�%�FHOOV�� D�SRSXODWLRQ�WKDW�GLIIHUHQWLDWH�
LQWR� SODVPD� FHOOV� XSRQ� UHDFWLYDWLRQ���� PD\� VXJJHVW� D� FRPSHQVDWRU\�
PHFKDQLVP�RI�FRQWUROOLQJ� LQflDPPDWLRQ�E\�%�FHOOV��2YHUDOO��RXU�VWXG\�
VKRZV�WKDW�WKHUH�LV�D�PLQRU�LPSDFW�RI�WKH�WUHDWPHQW�RQ�WKH�PHDVXUHG�
RXWFRPHV� JLYHQ� WKH� ODUJH� QXPEHU� RI� VPDOO� JURXS� GLIIHUHQFHV�� EXW�
IXUWKHU�VWXGLHV�VKRXOG�EH�SHUIRUPHG�WR�ORRN�DW�RWKHU�ELRPDUNHUV��VXFK�
DV� 7UHJ� VXSSUHVVRU� IXQFWLRQ� DQG� WKH� EHVW� GRVH�� WR� HVWDEOLVK� LI� UDSD��
P\FLQ�GHVHUYHV�WR�EH�SXUVXHG�LQ�ODUJHU�$/6�WULDOV��

6HULDO� PHDVXUHPHQWV� RI� QHXURfiODPHQW� VKRZHG� D� FRQVWDQW�
GHFUHDVH�LQ�SODFHER�DUP�SDWLHQWV��QRW�REVHUYHG�LQ�WKH�WUHDWPHQW�DUPV��
ZKHUH�ZH�IRXQG�VWDEOH�QHXURfiODPHQW�OHYHOV��7KH�GLIIHUHQW�EHKDYLRU�RI�
QHXURfiODPHQW� LQ� WUHDWPHQW� DQG� SODFHER� DUPV� PD\� KDYH� VHYHUDO�
H[SODQDWLRQV�VLQFH�ORQJLWXGLQDO�EHKDYLRU�RI�QHXURfiODPHQW�GXULQJ�$/6�
DQG�RU�LQ�FOLQLFDO�WULDOV�LV�VWLOO�EHLQJ�VWXGLHG�ZLWK�FRQflLFWLQJ�UHVXOWV��
6RPH�VWXGLHV�IRXQG�IDVW�GLVHDVH�SURJUHVVLRQ�WR�EH�DVVRFLDWHG�ZLWK�
QHXURfiODPHQW�GHFUHDVH�RYHU�WLPH����RWKHU�REVHUYHG�DQ�DEVHQFH�RI�
FRUUHODWLRQ�EHWZHHQ�D�GUXJ�FOLQLFDO�HIIHFW�DQG�UHSHDWHG�QHXURfiODPHQW�
PHDVXUHPHQWV�������RWKHUV�FRUUHODWHG�D�ULVH�RI�VHUXP�1I/�RYHU�WLPH�WR�D�
IDVW�SURJUHVVLQJ�GLVHDVH�FRXUVH����'LIIHUHQWO\�IURP�RWKHU�WULDOV�ZH�IRO��
ORZHG�XS�SDWLHQWV�ZLWK�UHJXODU�VHUXP�FROOHFWLRQ�IRU����ZHHNV��HQVXULQJ�
D�UHODWLYHO\�ORQJ�SHULRG�RI�REVHUYDWLRQ�DQG�UHYHDOLQJ�DQ�XQXVXDO�WUD��
MHFWRU\�LQ�WKH�SODFHER�DUP�SDWLHQWV��ZLWK�D�FRQVWDQW�GHFUHDVH�IRU�VHUXP�
1I/�DQG�DQ�LQLWLDO�VWHHS�GHFUHDVH�ODWHU�GLPLQLVKHG�IRU�VHUXP�S1I+��7KLV�
PD\�VXJJHVW�WKDW�QHXURfiODPHQWV�FRQFHQWUDWLRQ�LV�DIIHFWHG�QRW�RQO\�E\�
WKH�UDWH�RI�QHXURQDO�GHJHQHUDWLRQ�EXW�DOVR�E\�WKH�SKDVH�RI�WKH�GLVHDVH�
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�
DQG�WKH�VKDUH�RI�VXUYLYLQJ�01V��L�H���LQ�WKH�SUHVHQFH�RI�PDVVLYH�01V�
GHJHQHUDWLRQ��QHXURfiODPHQW�UHOHDVH�GLPLQLVKHV�DV�D�FRQVHTXHQFH�RI�
WKH�GHFUHDVHG�QXPEHU�RI�VXUYLYLQJ�01V�����$V�IDU�DV�UDSDP\FLQ�DUP�LV�
FRQFHUQHG��SUHFOLQLFDO�VWXGLHV�GHPRQVWUDWHG�WKDW�UDSDP\FLQ�UHGXFHV�
7'3����SURWHLQRSDWK\�WKURXJK�DXWRSKDJ\�HQKDQFHPHQW�DQG�FRQVH��
TXHQWO\�UHOLHYHV�WKH�SDWKRJHQLF�WUDQVODWLRQDO�VXSSUHVVLRQ�RI�QHXURfi��
ODPHQWV� ZLWK� LQFUHDVHG� SURWHLQ� V\QWKHVLV������ 7KLV� K\SRWKHVLV� LV�
VXSSRUWHG�E\�WKH�UHYHUVLELOLW\�RI�GRVH�UHODWHG�ELRORJLFDO�HIIHFWV�XSRQ�
UDSDP\FLQ�GLVFRQWLQXDWLRQ��7KHUHIRUH��QHXURfiODPHQW�FRQFHQWUDWLRQV�
LQ�UHODWLRQ�ZLWK�KLJKO\�DFWLYH�QHXURGHJHQHUDWLYH�SURFHVVHV�VXFK�DV�$/6�
PD\� XQFRYHU� GLIIHUHQW� SDWKRELRORJLFDO�PHFKDQLVPV� DQG� VKRXOG� EH�
LQWHUSUHWHG�FDXWLRXVO\�LQ�WKH�VHWWLQJ�RI�H[SHULPHQWDO�GUXJ�WHVWLQJ����,Q�
IDFW��ZH�IRXQG�DQ�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�GLVHDVH�SURJUHVVLRQ�DQG�
ORQJLWXGLQDO� FKDQJH� LQ� 1)� RQO\� LQ� WKH� SODFHER� JURXS�� ZKHUHDV� LQ�
UDSDP\FLQ�WUHDWHG� SDWLHQWV� WKHUH�ZDV� QR� FRUUHODWLRQ� EHWZHHQ� 1)�
FKDQJHV�DQG�GLVHDVH�SURJUHVVLRQ��

7KLV�LV�D�QRQ�SURfiW��H[SORUDWRU\�VWXG\�RQ�UDSDP\FLQ�DFWLRQ�LQ�$/6�
SDWLHQWV��WKDW�ZDV�GHVLJQHG�WR�LQYHVWLJDWH�LI�WKLV�GUXJ�ZDUUDQWV�IXUWKHU�
UHVHDUFK� LQ� SDWLHQWV� ZLWK� $/6�� FRQVLGHULQJ� DOVR� LWV� VDIHW\� SURfiOH��
5DSDP\FLQ�LQ�FRPELQDWLRQ�ZLWK�ULOX]ROH��ZDV�VDIH�DQG�ZHOO�WROHUDWHG�E\�
$/6�SDWLHQWV��$(V�DQG�6$(V�ZHUH�HTXDOO\�GLVWULEXWHG�EHWZHHQ�WUHDW��
PHQW�DQG�SODFHER�DUPV��UHDVVXULQJ�DERXW�VDIHW\��SURYLGHG�WKDW�D�GUXJ�
SODVPD�GRVDJH�PRQLWRULQJ�ZDV�SHUIRUPHG��,W�LV�DOVR�UHDVVXULQJ�WKDW�
a����RI�WKH�SDUWLFLSDQWV�GLVFRQWLQXHG�WKH�WULDO��WKDW�LV�LQ�OLQH�ZLWK�
UHFHQW�GDWD�IURP�RWKHU�FOLQLFDO�VWXGLHV����%HVLGHV�GHPRQVWUDWLQJ�WKDW�
UDSDP\FLQ� LV� VDIH� LQ� SDWLHQWV�ZLWK� $/6��ZH� IRXQG� WKDW� UDSDP\FLQ�
GRVDJH�RI���PJ�P��GD\�HQVXUHG�D�EHWWHU�VWDELOLW\�RI�SODVPD�GRVDJHV�
�QHYHU� RYHUFRPLQJ� WR[LFLW\� WKUHVKROG�� WKDW� RQO\� VHOGRP� UHTXLUHG�
GRVDJHV�DGMXVWPHQW�GXH�WR�VDIHW\�FRQFHUQV��

7KLV�VWXG\�ZDV�QRW�SRZHUHG�WR�WHVW�DQ�HIIHFW�RQ�FOLQLFDO�PHDVXUHV��
EXW�ZH�FRXOG�QRW�REVHUYH�D�VORZLQJ�LQ�WKH�$/6)56�5�GHFOLQH�QRU�DQ�
HIIHFW�RQ�TXDOLW\�RI� OLIH��HYHQ�DIWHU�H[FOXGLQJ�62'��SDWLHQWV�IURP�
HQUROOPHQW��,I�WKH�HIIHFW�RQ�7UHJ�FHOOV�DQG�RWKHU�LPPXQRORJLFDO�RXW��
FRPH�PHDVXUHV�ZDV�PRUH�HYLGHQW�IRU�SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ�
��PJ�P��GD\��WKH�DEVHQFH�RI�GDWD�RQ�7UHJ�IXQFWLRQ�UHTXLUHV�IXUWKHU�
VWXGLHV�WR�DVFHUWDLQ�ZKDW�GRVH�KDV�WKH�PRUH�EHQHfiFLDO�LPPXQRORJLFDO�
HIIHFW�LQ�$/6��

*LYHQ�WKH�UHSRUWHG�GHWULPHQWDO�HIIHFWV�LQ�62'��$/6�PLFH����KRZ��
HYHU��QH[W�VWXGLHV�VKRXOG�EH�DJDLQ�FDXWLRXVO\�UHVWULFWHG�WR�QRQ�62'��
$/6�SDWLHQWV��$�VSHFLfiF�GHWULPHQWDO�LQWHUDFWLRQ�EHWZHHQ�UDSDP\FLQ�
DQG�62'��PD\�EH�K\SRWKHVL]HG����UHLQIRUFLQJ�WKH�FRQFHSW�WKDW�FOLQLFDO�
DQG� SDWKRORJLFDO� KHWHURJHQHLW\� RI� $/6� PD\� UHTXLUH� SHUVRQDOL]HG�
WKHUDSHXWLF�VWUDWHJLHV��

7KH�PDLQ�SRWHQWLDOLW\�RI�WKLV�WULDO�VWDQGV�RQ�LPPHGLDWH�DYDLODELOLW\�
RI�WKH�GUXJ�IRU�SDWLHQWV�XVH��VKRXOG�DQ�HIIHFW�EH�IRXQG�E\�ODUJHU�WULDOV��
DQG�E\�WKH�H[LVWHQFH�RI�QHZHU�DQG�LQWHUHVWLQJ�PROHFXOHV�L�H���UDSDORJV��
ZKR� RIIHU� WKH� SRVVLELOLW\� WR� FURVV� WKH� EORRG� EUDLQ�EDUULHU� SHUKDSV�
GHVHUYLQJ�IXUWKHU�SURSHUWLHV�WRZDUGV�DXWRSKDJ\�DQG�QHXURLQflDPPD��
WLRQ��,Q�IDFW��ZH�FRXOG�QRW�fiQG�WKH�GUXJ�LQ�WKH�&6)�RI�SDWLHQWV�WUHDWHG�
IRU����ZHHNV��DQG�DOWKRXJK�ZH�FDQQRW�H[FOXGH�UDSDP\FLQ�IUHH�IUDFWLRQ�
YDOXHV�EHORZ�WKH�GHWHFWLRQ� OLPLW�RI�/&�06�06�� LW� LV�SUREDEOH�WKDW�
UDSDP\FLQ�FDQQRW�FURVV�EORRG�EUDLQ�EDUULHU��,I�WKLV�PD\�EH�RI�VHF��
RQGDU\� LPSRUWDQFH� IRU� WKH� GUXJ� LPPXQRORJLFDO� HIIHFWV�� WKH� FRQ��
FHQWUDWLRQ� DW� ZKLFK� UDSDP\FLQ� RU� DQ\� UDSDORJ� DUH� IRXQG� DEOH� WR�
SHQHWUDWH�WKH�EORRG�EUDLQ�EDUULHU�PLJKW�EH�D�PDWWHU�RI�XWWHUPRVW�
UHOHYDQFH�IRU�WKH�VDNH�RI�IRVWHULQJ�DXWRSKDJ\����

/LPLWDWLRQV�RI�WKLV�HDUO\�WULDO�RI�UDSDP\FLQ�LQ�$/6�ZHUH�WKH�VPDOO�
QXPEHU�RI�SDUWLFLSDQWV�DQG�WKH�VKRUW�GXUDWLRQ�RI�WUHDWPHQW��WKDW�ZHUH�
PDLQO\�GXH�WR�VDIHW\�FRQFHUQV��)XUWKHUPRUH��WKH�H[SHFWHG�HIIHFW�VL]H�
RI� WKH�SULPDU\�RXWFRPH�PHDVXUH�ZDV�SHUKDSV�WRR�RSWLPLVWLF�DQG��
WRJHWKHU�ZLWK�WKH�GLIfiFXOWLHV�LQ�REWDLQLQJ�EORRG�VDPSOHV�DW�WUHDWPHQW�
HQG��WKLV�OHG�WR�PLVV�WKH�SULPDU\�RXWFRPH��7KH�FKRLFH�RI�WKH�SULPDU\�
RXWFRPH�PHDVXUH��DV�D�ELQDU\�UHVSRQVH��KDV�WR�EH�DFNQRZOHGJHG�DV�WKH�
PDLQ�GUDZEDFN�RI�WKLV�VWXG\��WRJHWKHU�ZLWK�WKH�IDFW�WKDW�7UHJ�IXQFWLRQ��
UDWKHU�WKDQ�WKHLU�QXPEHU�ZRXOG�KDYH�EHHQ�UHOHYDQW�IRU�WUHDWPHQW�

�
HIIHFW��,QGHHG��ZH�GLG�QRW�SODQ�WR�VWXG\�7UHJ�VXSSUHVVLYH�IXQFWLRQ�
LQVWHDG�RI�WKHLU�QXPEHU�DORQH�DQG�ZH�ZHUH�QRW�DEOH�WR�DVVHVV�7UHJ�
VXSSUHVVRU�IXQFWLRQ�DV�D�SRVW�KRF�DQDO\VLV�GXH�WR�ODFN�RI�DYDLODEOH�
VDPSOHV��%HIRUH�IXUWKHU�VWXGLHV�LQ�$/6��DVVHVVPHQW�RI�7UHJ�VXSSUHVVRU�
IXQFWLRQ�LQ�UHVSRQVH�WR�GLIIHUHQW�GRVHV�RI�UDSDP\FLQ�ZRXOG�EH�FULWLFDO��
,Q�DGGLWLRQ��VRPH�GDWD�RQ�WKH�SULPDU\�RXWFRPH�ZHUH�QRW�PHDVXUHG�
GXH�WR�WKH�&29,'����SDQGHPLF��ZKLFK�PD\�LQWURGXFH�D�ULVN�RI�ELDV�LQWR�
WKH�UHVXOWV��+RZHYHU��WKH�GRXEOH�EOLQG�GHVLJQ�RI�WKH�VWXG\�DQG�WKH�
UDQGRP� PLVVLQJ� PHFKDQLVPV� VKRXOG� KDYH� OLPLWHG� WKLV� ULVN�� 2WKHU�
GUDZEDFNV� DUH� UHSUHVHQWHG� E\� WKH� LPEDODQFH� RI� VRPH� IDFWRUV� DW�
EDVHOLQH��VXFK�DV�LQ�HGDUDYRQH�WUHDWPHQW���DQG�WKH�H[SORUDWRU\�QDWXUH�
RI�WKH�FOLQLFDO�RXWFRPHV��)LQDOO\��WKH�UHVXOWV�RQ�ELRORJLFDO�RXWFRPHV�
VKRXOG�EH�LQWHUSUHWHG�FDXWLRXVO\�DQG�UHTXLUH�FRQfiUPDWLRQ�LQ�ODUJHU�
VWXGLHV�� FRQVLGHULQJ� WKDW� ZH� GLG� QRW� DSSO\� FRUUHFWLRQV� IRU�
PXOWLSOH�WHVWV��

,Q�FRQFOXVLRQ��WKLV�WULDO�GHPRQVWUDWHG�WKDW�WUHDWPHQW�ZLWK�D�ORZ�
GRVH� RI� UDSDP\FLQ� LV� VDIH� LQ� SDWLHQWV� ZLWK� $/6�� EXW� LW� IDLOHG� WR�
GHPRQVWUDWH�DQ�HIIHFW�RI�WKH�GUXJ�RQ�7UHJ�FHOOV��)XUWKHU�WULDOV�IRFXVHG�
RQ�GLIIHUHQW�RXWFRPH�PHDVXUHV�DUH�QHFHVVDU\�WR�EHWWHU�XQGHUVWDQG�
UDSDP\FLQ�ELRORJLFDO�DQG�FOLQLFDO�HIIHFWV�LQ�$/6��

0HWKRGV�
6WXG\�GHVLJQ�
$�UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�WULDO�ZDV�FRQGXFWHG�
DW�VHYHQ�,WDOLDQ�$/6�UHIHUUDO�FHQWHUV�IURP������WKURXJK�������7KH�WULDO�
ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�*RRG�&OLQLFDO�3UDFWLFH�JXLGH��
OLQHV� RI� WKH� ,QWHUQDWLRQDO� &RXQFLO� IRU�+DUPRQL]DWLRQ� RI� 7HFKQLFDO�
5HTXLUHPHQWV� IRU� 5HJLVWUDWLRQ� RI� 3KDUPDFHXWLFDOV� IRU�+XPDQ�8VH�
�,&+��DQG�WKH�HWKLFDO�SULQFLSOHV�RI� WKH�'HFODUDWLRQ�RI�+HOVLQNL��DV�
DPHQGHG�E\�WKH���WK�:0$�*HQHUDO�$VVHPEO\��)RUWDOH]D��%UD]LO��LQ�
2FWREHU�������7KH�VWXG\�FRPSOLHV�ZLWK�,&0-(�JXLGHOLQHV�RQ�UHSRUWLQJ��

3URWRFRO��(8'5$&7����������������UHJLVWUDWLRQ����VW�0D\�������
DSSURYDO�ZDV�SURYLGHG�IRU�WKH�FRRUGLQDWLQJ�FHQWHU�DQG�DOO�WULDO�VLWHV�E\�
(WKLFDO�&RPPLWWHH�RI�WKH�FRRUGLQDWLQJ�FHQWHU��&RPLWDWR�(WLFR�3UR��
YLQFLDOH�GL�0RGHQD��RQ���WK�0D\�������fiOH�QXPEHU��������DQG�E\�$,)$�
�$JHQ]LD�,WDOLDQD�GHO�)DUPDFR��RQ���WK�-XO\�������$OO�WKH�SDUWLFLSDQWV�
SURYLGHG�ZULWWHQ�LQIRUPHG�FRQVHQW�EHIRUH�VFUHHQLQJ��fiUVW�DQG�ODVW�
SDWLHQW�HQUROOPHQW�������������WR��������������7KH�WULDO�ZDV�D�QRQ��
SURfiW�WULDO��fiQDQFHG�E\�$5,6/$��)RQGD]LRQH�,WDOLDQD�GL�5LFHUFD�SHU�OD�
6/$��ZLWK�WKH�<�����$UL6/$�,FH�%XFNHW�&DOO�IRU�&OLQLFDO�3URMHFWV=��3fi]HU�
,QF��SURYLGHG�WKH�DFWLYH�GUXJ��3DUWLFLSDQWV�UHFHLYHG�QR�FRPSHQVDWLRQ��

7KH�VWXG\�SURPRWHU�ZDV�$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD��$28��
GL�0RGHQD��7KH�WULDO�GHVLJQ��GDWD�DQDO\VLV��DQG�PDQXVFULSW�GHYHORS��
PHQW�ZHUH�VKDUHG�E\�WKH�6WHHULQJ�&RPPLWWHH�RI�WKH�6WXG\�UHSUHVHQWHG�
E\�DOO�WKH�ORFDO�3,V��6XSSOHPHQWDU\�$SSHQGL[��6HFWLRQ�����7KH�DXWKRUV�
ZHUH�UHVSRQVLEOH�IRU�ZULWLQJ�WKH�PDQXVFULSW�DQG�PDNLQJ�WKH�GHFLVLRQ�
WR�VXEPLW�LW�IRU�SXEOLFDWLRQ��&RQfiGHQWLDOLW\�DJUHHPHQWV�ZHUH�VHW�XS�
EHWZHHQ�WKH�DXWKRUV�DQG�$5,6/$��'DWD�FROOHFWHG�DW�HDFK�WULDO�VLWH�ZHUH�
LQSXW�LQ�DQ�RQOLQH�FDVH�UHSRUW�IRUP��&5)��ZULWWHQ�LQ�3+3�YHUVLRQ������
MTXHU\�YHUVLRQ�������DQG�3RVWJUH64/�YHUVLRQ�����DV�D�GDWDEDVH�EDFNHQG��
VHW�XS�DQG�PDQDJHG�E\�WKH�&RRUGLQDWRU�&HQWHU�DW�$28��0RGHQD�DQG�
RQO\�DFFHVVLEOH�WR�5$3�$/6�LQYHVWLJDWRUV�WKURXJK�SDVVZRUG�SURWHFWHG�
DFFHVV��

$Q� LQGHSHQGHQW� GDWD� DQG� VDIHW\�PRQLWRULQJ� ERDUG�ZDV�HVWDE��
OLVKHG�DW�WULDO�EHJLQQLQJ�DQG�SHULRGLFDOO\�UHYLHZHG�XQEOLQGHG�VDIHW\�
GDWD�GXULQJ�WKH�WULDO��$FNQRZOHGJHPHQWV�VHFWLRQ���6WDWLVWLFDO�DQDO\VHV�
ZHUH�SHUIRUPHG�E\�WKH�8QLW�RI�6WDWLVWLFDO�DQG�0HWKRGRORJLFDO�6XSSRUW�
WR�&OLQLFDO�5HVHDUFK��$28��0RGHQD��,WDO\��$OO�WKH�DXWKRUV�JXDUDQWHH�IRU�
GDWD�FRPSOHWHQHVV�DQG�DFFXUDF\��DQG�IRU�DGKHUHQFH�WR�5$3�$/6�VWXG\�
SURWRFRO� �DYDLODEOH� DW� KWWS���ZZZ�QDWXUH�FRP�� DV� VXSSOHPHQWDU\�
PDWHULDO�RI�WKH�SUHVHQW�DUWLFOH�DQG�DOUHDG\�SXEOLVKHG�����
�
7ULDO�SDUWLFLSDQWV�
7KH�WULDO�HQUROOHG�SDWLHQWV�GLDJQRVHG�ZLWK�GHfiQLWH��FOLQLFDOO\�SUREDEOH�
RU� SUREDEOH� ZLWK� ODERUDWRU\� VXSSRUW� $/6� DFFRUGLQJ� WR� UHYLVHG� (O�
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�
(VFRULDO�FULWHULD�ZKR�SUHVHQWHG�$/6�V\PSWRPV�RQVHW�QRW�HDUOLHU�WKDQ�
���PRQWKV�EHIRUH�VFUHHQLQJ��,QFOXVLRQ�FULWHULD�HQFRPSDVVHG�DJH�
EHWZHHQ����DQG����\HDUV�ROG��D�IRUFHG�YLWDO�FDSDFLW\��)9&��H[FHHGLQJ�
����RI�WKH�SUHGLFWHG�YDOXH�IRU�VH[��DJH��KHLJKW��DQG�ZHLJKW��D�%RG\�
0DVV�,QGH[�DERYH����DQG�D�ERG\�ZHLJKW�RYHU����NJ��XVH�RI�ULOX]ROH�DW�D�
VWDEOH�GRVH�IRU�DW�OHDVW����GD\V�EHIRUH�VFUHHQLQJ��([FOXVLRQ�FULWHULD�
FRYHUHG�D�ZLGH�UDQJH�RI�GLVHDVHV�DQG�FRQGLWLRQV�WKDW�ZRXOG�PDNH�
UDSDP\FLQ� XVH� RU� LPPXQRVXSSUHVVLRQ� FRQWUDLQGLFDWHG�� 3DWLHQWV� ZLWK�
NQRZQ�62'��PXWDWLRQ�RU�ZLWK�)$/6�DQG�IDPLO\�PHPEHUV�FDUU\LQJ�
62'��PXWDWLRQ�ZHUH�WR�EH�H[FOXGHG�DV�ZHOO��EDVHG�RQ�FRQWUDVWLQJ�
HYLGHQFH�RI�5DSDP\FLQ�DFWLRQ�LQ�62'��PRGHOV�RI�$/6�������TXLWH�WKH�
UHYHUVH�RQ�SUHYLRXV�VWXGLHV�RQ�PRGHOV�OLQNHG�WR�7'3���SDWKRORJ\�������
,QFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�DUH�IXOO\�GHVFULEHG�LQ�WKH�SXEOLVKHG�
SURWRFRO����
�
5DQGRPL]DWLRQ�DQG�PDVNLQJ�
(OLJLEOH�SDUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�LQ�WKUHH�WUHDWPHQW�DUPV�
ZLWK�D�������UDWLR�WR�UHFHLYH�UDSDP\FLQ���PJ�SHU�VTXDUH�PHWHU��P���RI�
ERG\�VXUIDFH�DUHD�D�GD\����PJ�P��GD\������SDWLHQWV���UDSDP\FLQ���PJ��
P��GD\� ���� SDWLHQWV��� RU� SODFHER� ���� SDWLHQWV��� 7KH� UDQGRPL]DWLRQ�
VFKHGXOH�ZDV� FRPSXWHU� JHQHUDWHG� E\� DQ� XQEOLQGHG� VWDWLVWLFLDQ� XVLQJ�
67$7$�VRIWZDUH��6WDWD&RUS��������6WDWD�6WDWLVWLFDO�6RIWZDUH��5HOHDVH������
5DQGRPL]DWLRQ�ZDV� VWUDWLfiHG� E\� UDWH� RI� GLVHDVH� SURJUHVVLRQ� DV�PHD��
VXUHG�E\�PRQWKO\�GHFOLQH�RI�WKH�5HYLVHG�$/6�)XQFWLRQDO�5DWLQJ�6FDOH�
�$/6)56�R) from onset to screening visit, with a cut off set at </≥0.7. 
(XURPHG�&OLQLFDO�6XSSO\�6HUYLFHV��(&/,66(���&DQW���&RPR��,WDO\��KWWS����
ZZZ�FVV�HXURPHG�LW�HQ���SUHSDUHG�WKH�DFWLYH�IRUPXODWLRQ�DQG�WKH�SOD��
FHER� FRPSO\LQJ� WKH� *RRG� 0DQXIDFWXULQJ� 3UDFWLFHV� RI� WKH� (XURSHDQ�
8QLRQ� IRU�DFWLYH�SKDUPDFHXWLFDO� LQJUHGLHQWV�DQG� ,&+�4�$�JXLGHOLQHV��
7ULDO�GUXJ�ZDV�GLVSHQVHG� LQ�NLWV�ZLWK�UDQGRP�IRXU�GLJLW� LGHQWLfiFDWLRQ�
QXPEHUV��.LWV�ZHUH�VHQW�LQ�VHTXHQFH�WR�VLWHV�DV�HDFK�QHZ�SDUWLFLSDQW�
ZDV�HQUROOHG��7UHDWPHQW�XQGHU�LQYHVWLJDWLRQ�DQG�SODFHER�ZHUH�PDGH�
LQGLVWLQJXLVKDEOH�WR�SDWLHQWV�DQG�QHXURORJLVWV��
�
3URFHGXUHV�
7UHDWPHQW�ZDV�DGPLQLVWHUHG�RUDOO\�� LQ� WKH�PRUQLQJ��DW� IDVW��3DWLHQWV�
UHFHLYHG���ERWWOHV��HDFK�FRQWDLQLQJ����WDEOHWV�RI�DFWLYH�GUXJ�RU�SODFHER�
GHSHQGLQJ�RQ�WKH�DVVLJQHG�WUHDWPHQW�DUP��HYHU\���ZHHNV��IRU�D�SODQ��
QHG� GXUDWLRQ� RI� ��� ZHHNV�� 5DSDP\FLQ� SODVPD� OHYHOV� ZHUH� UHJXODUO\�
PHDVXUHG� E\� KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� ZLWK� WDQGHP�
PDVV� VSHFWURPHWU\� �/&–06�06�� DQG� PDGH� NQRZQ� RQO\� WR� DQ� LQGH��
SHQGHQW� PRQLWRU�� ZKR� LQSXW� UDSDP\FLQ� OHYHOV� RQ� D� VHSDUDWH� H&5)��
DOORZLQJ� GRVH� UHGXFWLRQ� LI� UDSDP\FLQ� SODVPD� OHYHOV� H[FHHGHG����
QJ�P/�� $� GRVH� UHGXFWLRQ� FRXOG� EH� DVNHG� DOVR� E\� FDULQJ� QHXURORJLVW�
GLUHFWO\�WKURXJK�H&5)�LQ�FDVH�RI�DGYHUVH�HYHQWV��$(V��RU�UHDFWLRQV�WKDW��
RQ� FOLQLFDO� MXGJPHQW�� FRXOG� EH� DWWULEXWHG� WR� WKH� VWXG\� GUXJ�� $IWHU�
WUHDWPHQW� HQG� SDWLHQWV� KDG� WR� EH� IROORZHG� XS� IRU� IXUWKHU� ���ZHHNV�
�KWWSV���ZZZ�FOLQLFDOWULDOVUHJLVWHU�HX�FWU�VHDUFK�WULDO�����������������
,7��&OLQLFDO7ULDOV�JRY��1&7�����������
�
2XWFRPHV� � � � � � � � � � � � � � � � � � � � � � � � � �
7KH�SULPDU\�HIfiFDF\�RXWFRPH�ZDV�WKH�SURSRUWLRQ�RI�SRVLWLYH�UHVSRQVH�
�7UHJV�QXPEHU�LQFUHDVH�RI�DW�OHDVW������DW�WUHDWPHQW�HQG�����ZHHNV��
ZLWK�UHVSHFW�WR�EDVHOLQH��LQ�SDWLHQWV�WUHDWHG�ZLWK�UDSDP\FLQ�FRPSDUHG�
WR�WKH�SODFHER�DUP��7KLV�GLIIHUHQFH�ZDV�HVWDEOLVKHG�EDVHG�RQ�D�SUH��
YLRXV�VWXG\�GHPRQVWUDWLQJ�WKDW�VORZO\�SURJUHVVLQJ�$/6�SDWLHQWV�SUH��
VHQWHG�D�QXPEHU�RI�7UHJV�WKDW�ZDV�HTXDO�WR�KHDOWK\�FRQWUROV��ZKHUHDV�
IDVW�SURJUHVVRUV�KDG�����IHZHU�7UHJV����6LQFH�7UHJV���ZHUH�GHPRQ��
VWUDWHG�WR�EH�LQYHUVHO\�FRUUHODWHG�ZLWK�WKH�UDWH�RI�GLVHDVH�SURJUHVVLRQ����
ZH�FRQVLGHUHG�D�<SRVLWLYH�UHVSRQVH= DV�DQ�LQFUHDVH�RI�WKH�SURSRUWLRQ�RI�
7UHJV�E\�DW�OHDVW�����DW�WUHDWPHQW�HQG��

6HFRQGDU\�RXWFRPHV�ZHUH��
,� $VVHVVPHQW�RI� UDSDP\FLQ� VDIHW\�DQG� WROHUDELOLW\� WKURXJK� GRF��

XPHQWDWLRQ�RI�WKH�RFFXUUHQFH�RI�DQ\�$(V��FKDQJHV�RQ�FOLQLFDO�
H[DPLQDWLRQ� LQFOXGLQJ� YLWDO� VLJQV� DQG�ZHLJKW�� DQG� ODERUDWRU\�

�
H[DPLQDWLRQV� �ELRFKHPLVWU\�� KHPDWRORJ\� DQG� XULQDO\VLV�� WKDW�
ZHUH�UHJLVWHUHG�WKURXJKRXW�WKH�VWXG\�GXUDWLRQ��6\PSWRPV�FRQ��
VLVWHQW�ZLWK�GLVHDVH�SURJUHVVLRQ��ZHUH�UHFRUGHG�DV�$(V��

,,� %LRORJLFDO�RXWFRPHV��DVVHVVHG�DV� WKH�FKDQJH�IURP�EDVHOLQH�WR�
ZHHN����������������FRPSDULQJ�UDSDP\FLQ�DQG�SODFHER�DUPV��RI�WKH�
IROORZLQJ� ELRORJLFDO� YDULDEOHV�� D�� DFWLYDWLRQ� DQG� KRPLQJ� FDS��
DELOLWLHV�RI�GLIIHUHQW�7��%��1.�FHOO� VXESRSXODWLRQV��E�� UHODWLYH�
H[SUHVVLRQ�RI�LQflDPPDVRPH�JHQHV�DQG�LWV�DFWLYDWLRQ�VWDWXV��F��
SKRVSKRU\ODWLRQ�RI�WKH�6��ULERVRPDO�SURWHLQ��6�53���G��SODVPD��
&6)�QHXURfiODPHQW�KHDY\�OLJKW�FKDLQ�SURWHLQ��H��FUHDWLQLQH�DQG�
DOEXPLQ��&.��YLWDPLQ�'��I��WKH�DVVHVVPHQW�RI�UDSDP\FLQ�LQ�&6)�
VDPSOHV�DW�ZHHN����E\�/&�06�06��
/DERUDWRU\�PHWKRGV�DUH�H[SODLQHG�LQ�6XSSOHPHQWDU\�$SSHQGL[��
6HFWLRQ������

,,,� &OLQLFDO� RXWFRPHV� WKURXJK� FRPSDULVRQ� EHWZHHQ� SODFHER� DQG�
WUHDWPHQW�DUPV�RI��D��WKH�FKDQJHV�LQ�$/6)56�5�IURP�EDVHOLQH�WR�
ZHHNV���������������������������E��RYHUDOO�VXUYLYDO�IURP�UDQGRPL]D��
WLRQ�WR�GDWH�RI�GRFXPHQWHG�GHDWK�RU�WUDFKHRVWRP\��F��VXUYLYDO�
UDWH�DW�ZHHNV�������������DQG�����G��UHVSLUDWRU\�PXVFOH�IXQFWLRQ�DV�
DVVHVVHG�E\�)9&�VFRUH�IURP�EDVHOLQH�WR�ZHHNV�����������������������
����6XSSOHPHQWDU\�$SSHQGL[��6HFWLRQ�������

,9� 4XDOLW\�RI�OLIH��PHDVXUHG�WKURXJK�DEVROXWH�DQG�UHODWLYH�FKDQJH�
IURP�EDVHOLQH�LQ�$/6$4����DW�ZHHN����������������������DQG����
FRPSDULQJ�WUHDWPHQW�DQG�SODFHER�DUPV��

�
6WDWLVWLFDO�DQDO\VLV�
6DPSOH�VL]H�ZDV�FDOFXODWHG�XVLQJ�GDWD�IURP�DQ�,WDOLDQ�VWXG\�VKRZLQJ�
WKDW� $/6� SDWLHQWV� KDYH� D� GHFUHDVHG� QXPEHU� RI� FLUFXODWLQJ� 7UHJ��
�PHDQ���6'�������������LI� FRPSDUHG� WR� KHDOWK\� FRQWUROV� �������������
H[FHSW�IRU�VORZ�SURJUHVVRUV����&RQVLGHULQJ�QRUPDO�YDOXHV�RI�WRWDO�7UHJ�
RI�����������PPF�RQ�D�QRUPDO�WRWDO�O\PSKRF\WHV�FRXQW�EHWZHHQ������
DQG������PPF��VORZO\�SURJUHVVLQJ�$/6�SDWLHQWV�SUHVHQWHG�D�QXPEHU�
RI�7UHJV�WKDW�ZDV�HTXDO�WR�KHDOWK\�FRQWUROV��ZKHUHDV�IDVW�SURJUHVVRUV�
KDG�����IHZHU�7UHJV����6LQFH�7UHJ���ZHUH�GHPRQVWUDWHG�WR�EH�LQYHUVHO\�
FRUUHODWHG�ZLWK�WKH�UDWH�RI�GLVHDVH�SURJUHVVLRQ����ZH�FRQVLGHUHG�D�
<SRVLWLYH�UHVSRQVH= DV�DQ�LQFUHDVH�RI�WKH�SURSRUWLRQ�RI�7UHJV�E\�DW�OHDVW�
����DW�WUHDWPHQW�HQG��7KH�QXOO�K\SRWKHVLV�ZDV�WKDW�5DSDP\FLQ�FRXOG�
QRW� VLJQLfiFDQWO\� LQFUHDVH� WKH� SURSRUWLRQ� RI� SRVLWLYH� UHVSRQVHV� LQ�
WUHDWHG�SDWLHQWV�DW�ZHHN�����FRPSDUHG�WR�EDVHOLQH�DQG�WR�SODFHER�
JURXS��7KH�DOWHUQDWLYH�K\SRWKHVLV�ZDV�WKDW�5DSDP\FLQ�FRXOG�GHWHU��
PLQH�D�SRVLWLYH�UHVSRQVH�LQ�DW�OHDVW�����RI�WUHDWHG�SDWLHQWV�FRPSDUHG�
WR�D�PD[LPXP����RI�SDWLHQWV�LQ�WKH�SODFHER�JURXS��7KH�VWXG\�ZDV�
GHVLJQHG�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�ZLWK�DQ�DOSKD�HUURU�RI��������LQ�
RUGHU�WR�WDNH�LQWR�DFFRXQW�PXOWLSOH�DUPV�FRPSDULVRQV��DQG�D�SRZHU�RI�
������:LWK�D�������UDQGRPL]DWLRQ�UDWLR�DPRQJ�WKH�WKUHH�DUPV�ZH�FDO��
FXODWHG�WKDW����SDUWLFLSDQWV�ZRXOG�SURYLGH�����SRZHU�WR�GHWHFW�D�����
GLIIHUHQFH�LQ�WKH�SHUFHQWXDO�RI�FLUFXODWLQJ�7UHJ�LQ�DW� OHDVW�����RI�
WUHDWHG�SDWLHQWV�YHUVXV�OHVV�WKDQ����LQ�WKH�SODFHER�JURXS��XVLQJ�D�FKL��
VTXDUH�WHVW�ZLWKRXW�DQ\�FRUUHFWLRQ�DW�D�WZR�VLGHG�DOSKD�OHYHO�RI��������
7KH�VWXG\�ZDV�SODQQHG�WR�UHDFK�D�VDPSOH�VL]H�RI����SDWLHQWV�WDNLQJ�LQWR�
FRQVLGHUDWLRQ�D�SRVVLEOH�����RI�GURS�RXW��

6DIHW\� DQDO\VHV� ZHUH� SHUIRUPHG� LQFOXGLQJ� DOO� SDWLHQWV� ZKR�
UHFHLYHG�DW�OHDVW�RQH�WDEOHW�RI�UDSDP\FLQ�RU�SODFHER��$OO�$(V��6$(V��DQG�
$(V�OHDGLQJ�WR�WUHDWPHQW�GLVFRQWLQXDWLRQ�ZHUH�UHFRUGHG�DFFRUGLQJ�WR�
,&+�*XLGHOLQHV��OLVWHG��DQG�FRPSDUHG�LQ�WKH�WUHDWPHQW�DUPV�DW�DQ\�
IROORZ�XS�YLVLW�DQG�DW�WKH�HQG�RI�WKH�VWXG\��

7KH� SULPDU\� SRSXODWLRQ� IRU� DQDO\VHV�ZDV� WKH� ,77� SRSXODWLRQ��
ZKLFK�LQFOXGHG�DOO�WKH�SDUWLFLSDQWV�ZKR�UHFHLYHG�DW�OHDVW�RQH�WDEOHW�RI�
WKH� LQYHVWLJDWLRQ�GUXJ��33�DQDO\VLV�ZDV�SHUIRUPHG�DIWHU�H[FOXGLQJ�
SDWLHQWV�DV�SHU�PDMRU�SURWRFRO�GHYLDWLRQV��L�H���SDWLHQWV�ZKR�WRRN������
WKHUDS\��IURP�WKH�DERYH�PHQWLRQHG�SRSXODWLRQ��'HVFULSWLYH�VWDWLVWLFV�
FRPSDULQJ�WKH�WZR�JURXSV�RI�UDSDP\FLQ�WUHDWPHQW�DQG�SODFHER�ZDV�
SHUIRUPHG�XVLQJ�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�IRU�FRQWLQXRXV�YDUL��
DEOHV�� FRXQWV� DQG� SHUFHQWDJHV� IRU� FDWHJRULFDO� YDULDEOHV�� ,PPXQH�
UHVSRQVH�WR�UDSDP\FLQ�ZDV�DQDO\]HG�DV�WKH�GLIIHUHQFH� LQ�SRVLWLYH�

http://www.css.euromed.it/en/
http://www.css.euromed.it/en/
https://www.clinicaltrialsregister.eu/ctr-search/trial/2016-002399-28/IT
https://www.clinicaltrialsregister.eu/ctr-search/trial/2016-002399-28/IT
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�
UHVSRQVH�WR�UDSDP\FLQ��PHDQ�7UHJV�LQFUHDVH�H[FHHGLQJ������EHWZHHQ�
WKH�SODFHER�JURXS�DQG�WKH�UDSDP\FLQ�JURXSV�5HVXOWV�ZHUH�H[SUHVVHG�
DV�WKH�UHODWLYH�ULVN��55��FRPSDULQJ�WUHDWPHQW�DUPV��7KH�FRPSDULVRQ�
ZDV�FDUULHG�RXW�ZLWK�D�FKL�VTXDUH�WHVW�ZLWKRXW�DQ\�FRUUHFWLRQ��0HDQ�
DEVROXWH�GLIIHUHQFHV�IURP�EDVHOLQH�WR�ZHHN����DQG�RWKHU�WLPH�SRLQWV�
DPRQJ�WUHDWPHQW�DUPV�IRU�6�53�SKRVSKRU\ODWLRQ��RI�GLIIHUHQW�7��%��1.�
FHOO�VXESRSXODWLRQV��RI�ELRPDUNHUV��LQflDPPDVRPH��F\WRNLQHV��ZHUH�
FDOFXODWHG�DQG�FRPSDUHG�XVLQJ�OLQHDU�UHJUHVVLRQ�PRGHOV�WKDW�LQFOXGH�
LQGLFDWRU�YDULDEOHV�IRU�WUHDWPHQW�DUPV�DV�WKH�LQGHSHQGHQW�YDULDEOHV��
5HVXOWV� ZHUH� H[SUHVVHG� DV� WKH� PHDQ� GLIIHUHQFH� �0'�� FRPSDULQJ�
WUHDWPHQW�DUPV��&RUUHODWLRQV�EHWZHHQ�QXPHULFDO�YDULDEOHV�ZHUH�FDO��
FXODWHG�ZLWK�WKH�3HDUVRQ’V�OLQHDU�FRUUHODWLRQ�FRHIfiFLHQW��7KH�WLPH�WR�
GHDWK��WUDFKHRVWRP\�RU�SHUPDQHQW�YHQWLODWLRQ��ZHUH�FRPSDUHG�E\�
XVLQJ�WKH�ORJ�UDQN�WHVW��$GMXVWPHQW�IRU�PDLQ�SURJQRVWLF�RU�XQEDODQFHG�
IDFWRUV��QDPHO\�VH[��PRQWKV�IURP�V\PSWRPV�RQVHW��$/6)56�5�VORSH�DW�
EDVHOLQH�DQG�HGDUDYRQH�WUHDWPHQW��KDV�DOVR�EHHQ�SHUIRUPHG�XVLQJ�
ORJLVWLF�RU�OLQHDU�UHJUHVVLRQ�PRGHOV��5HVXOWV�RI�ORJLVWLF�PRGHOV�ZHUH�
H[SUHVVHG�DV�WKH�25�FRPSDULQJ�WUHDWPHQW�DUPV��

$�VHJPHQWHG�UHSHDWHG�PHDVXUHV�OLQHDU�PL[HG�PRGHO�DQDO\VLV�ZDV�
FDUULHG�RXW�WR�DVVHVV�ZKHWKHU�WKH�DYHUDJH�PRQWKO\�YDULDWLRQ�IURP�
EDVHOLQH� LQ� VHOHFWHG� QXPHULFDO� RXWFRPHV� ZDV� GLIIHUHQW� DPRQJVW�
WUHDWPHQW�DUPV�LQ�WZR�VHJPHQWV�RI�WLPH��GXULQJ�WKH�WUHDWPHQW��DIWHU�
EDVHOLQH�DQG�XS�WR�ZHHN������RU�DIWHU�WKH�WUHDWPHQW��DIWHU�ZHHN������7KH�
GHSHQGHQW�YDULDEOHV�ZHUH�WKH�UDZ�PHDVXUHPHQWV�RI�WKH�RXWFRPHV��
ZKHUHDV�WKH�LQGHSHQGHQW�YDULDEOHV�ZHUH��DUP��WLPH��PRQWKV�IURP�
EDVHOLQH��ù�SHULRG��GXULQJ�RU�DIWHU�WUHDWPHQW��LQWHUDFWLRQ��DQG�DUP�ù�
WLPH�ù�SHULRG�LQWHUDFWLRQ��$�UDQGRP�LQWHUFHSW�WHUP�ZDV�DOVR�XVHG�WR�
DFFRXQW�IRU�UHSHDWHG�PHDVXUHPHQWV�RYHU�WKH�VDPH�LQGLYLGXDO��DV�ZHOO�
DV�D�UDQGRP�VORSH�WHUP�ZDV�XVHG�WR�DFFRXQW�IRU�LQGLYLGXDO�OLQHDU�YDU��
LDWLRQV�RYHU�WLPH��5DQGRP�LQWHUFHSW�DQG�UDQGRP�VORSH�WHUPV�ZHUH�
NHSW� LI� WKH\� LPSURYHG� WKH� RYHUDOO� JRRGQHVV�RI�fiW� RI� WKH� PRGHOV�
�DVVHVVHG�XVLQJ�WKH�$NDLNH�LQIRUPDWLRQ�FULWHULRQ���5HVXOWV�RI�WKLV�DQD��
O\VLV�ZHUH�H[SUHVVHG�DV��WKH�PRQWKO\�YDULDWLRQ�RI�RXWFRPHV�LQ�WKH�
SODFHER�JURXS��WKH�0'�LQ�WKH�PRQWKO\�YDULDWLRQV��FRPSDULQJ�WUHDW��
PHQWV�DUPV�YV�SODFHER��%RWK�WKHVH�TXDQWLWLHV�ZHUH�UHSRUWHG�IRU�WKH�
WZR�VHJPHQWV�RI�WLPH��GXULQJ�DQG�DIWHU�WUHDWPHQW���,Q�WKH�DQDO\VLV�RI�
DYHUDJH�PRQWKO\�YDULDWLRQ�RI�$/6)56�5��WKUHH�VHJPHQWV�RI�WLPH�ZHUH�
DQDO\]HG��EHIRUH��GXULQJ�DQG�DIWHU� WUHDWPHQW��E\�FRQVLGHULQJ� WZR�
DGGLWLRQDO�WLPHSRLQWV�VXFK�DV�WKH�SUHEDVHOLQH�VFUHHQLQJ�YLVLW�DQG�WKH�
GLVHDVH�RQVHW��$W�GLVHDVH�RQVHW��WKH�$/6)56�5�ZDV�DVVXPHG�WR�EH�HTXDO�
WR����IRU�DOO�SDWLHQWV��7KH�UHSHDWHG�PHDVXUHV�OLQHDU�PL[HG�PRGHO�IRU�
$/6)56�5�LQFOXGHG�DUP��WLPH��PRQWKV�IURP�EDVHOLQH���SHULRG��EHIRUH��
GXULQJ�RU�DIWHU�WUHDWPHQW���DQG�DOO�WKHLU�SDLUZLVH�DQG�WKUHH�ZD\�LQWHU��
DFWLRQV�� 7KH� LQWUD�JURXS� GLIIHUHQFHV� FRPSDULQJ� $/6)56�5�PRQWKO\�
YDULDWLRQV� LQ� WKH� SHULRGV� GXULQJ� DQG� DIWHU� WUHDWPHQW� ZLWK� WKRVH�
RFFXUUHG�EHIRUH�WUHDWPHQW�ZHUH�DOVR�UHSRUWHG�IRU�HDFK�DUP��DV�ZHOO�DV�
WKH�FRPSDULVRQ�EHWZHHQ�WUHDWPHQW�DUPV�DQG�SODFHER�LQ�WKHVH�TXDQ��
WLWLHV��$�SRVW�KRF�DQDO\VLV�RQ�WUDFKHRVWRP\�IUHH�VXUYLYDO�IURP�EDVHOLQH�
WR���VW�'HFHPEHU������ZDV�SHUIRUPHG��

)RU�WKH�FRPSDULVRQV�EHWZHHQ�5DSDP\FLQ���PJ�P��G�RU���PJ�P��G�
DUPV�DQG�WKH�SODFHER�DUP��D�3�YDOXH�RI�������RU�OHVV�ZDV�FRQVLGHUHG�WR�
LQGLFDWH�VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�LQ�UHVXOWV�ZDV�H[SUHV��
VHG�ZLWK�WKH�������FRQfiGHQFH�LQWHUYDO��&,���WR�DFFRXQW�IRU�PXOWLSOH�
DUPV�FRPSDULVRQ�ZLWK�WKH�%RQIHUURQL�PHWKRG��)RU�WKH�FRPSDULVRQ�RI�
5DSDP\FLQ�DQG�SODFHER�DUPV�DQG��ZKHQ�DSSOLFDEOH��IRU�DOO�RWKHU�VWD��
WLVWLFDO�PHDVXUHV��D�3�YDOXH�RI������RU�OHVV�ZDV�FRQVLGHUHG�WR�LQGLFDWH�
VWDWLVWLFDO�VLJQLfiFDQFH�DQG�XQFHUWDLQW\�LQ�UHVXOWV�ZDV�H[SUHVVHG�ZLWK�
WKH�����&,��&,V�IRU�OLQHDU�PRGHOV�ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�H[DFW�W�
GLVWULEXWLRQ��)RU�OLQHDU�PL[HG�PRGHOV��WKH�6DWWHUWKZDLWH’V�PHWKRG�IRU�
GHJUHHV�RI�IUHHGRP�ZDV�XVHG��$OO�VWDWLVWLFDO�WHVWV�ZHUH�WZR�WDLOHG��
0LVVLQJ�YDOXHV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VHV�DQG�WKH�QXPEHU�RI�
DQDO\]HG�LQGLYLGXDOV�LQ�HDFK�DUP�ZDV�UHSRUWHG��0LVVLQJ�YDOXHV�ZHUH�
GXH�WR�&RYLG����SDQGHPLF��DQG��IRU� VHFRQGDU\�ELRORJLFDO�RXWFRPH�
PHDVXUHV��DOVR�WR�WKH�UHGXFHG�DPRXQW�RI�PDWHULDO�RI�ELRORJLFDO�VDP��
SOHV�IRU�GLIfiFXOW\� LQ�EORRG�ZLWKGUDZDO�� IRU�)9&�WKH\�ZHUH�GXH�WR�

�
LQFUHDVLQJ�SDWLHQWV’ GLIfiFXOWLHV�WR�SHUIRUP�VSLURPHWU\�ZLWK�DGYDQFLQJ�
UHVSLUDWRU\�RU�EXOEDU�LPSDLUPHQW��

$QDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�67$7$�VRIWZDUH��YHUVLRQ�����6WD��
WD&RUS��������6WDWD�6WDWLVWLFDO�6RIWZDUH��5HOHDVH�����&ROOHJH�6WDWLRQ��7;��
6WDWD&RUS� //&�� DQG� 5� VRIWZDUH�� YHUVLRQ� ������ �7KH� 5� )RXQGDWLRQ� IRU�
6WDWLVWLFDO�&RPSXWLQJ��:LHQ���
�
5HSRUWLQJ�VXPPDU\�
)XUWKHU� LQIRUPDWLRQ� RQ� UHVHDUFK� GHVLJQ� LV� DYDLODEOH� LQ� WKH� 1DWXUH�
3RUWIROLR�5HSRUWLQJ�6XPPDU\�OLQNHG�WR�WKLV�DUWLFOH��

'DWD�DYDLODELOLW\�
7KH�GDWD�WKDW�VXSSRUW�WKH�fiQGLQJV�RI�WKLV�VWXG\�DUH�DYDLODEOH�IURP�WKH�
FRUUHVSRQGLQJ� DXWKRU� �MHVVLFD�PDQGULROL#XQLPRUH�LW�� WR� H[WHUQDO�
UHVHDUFKHUV�ZKR�SURYLGH�PHWKRGRORJLFDOO\�VRXQG�VFLHQWLfiF�SURSRVDOV�
DQG�ZKRVH�SURSRVHG�XVH�RI�WKH�GDWD�KDV�EHHQ�DSSURYHG�E\�DQ�LQGH��
SHQGHQW�UHYLHZ�FRPPLWWHH�LGHQWLfiHG�IRU�WKLV�SXUSRVH��$OO�UHTXHVWV�ZLOO�
EH�UHYLHZHG�E\�FRUUHVSRQGLQJ�DXWKRU�DQG�6WHHULQJ�&RPPLWWHH�RI�WKH�
6WXG\�DQG�UHVSRQVH�WR�UHTXHVWV�ZLOO�EH�JLYHQ�LQ���PRQWKV��$�PDWHULDOV�
WUDQVIHU�DQG�RU�GDWD�DFFHVV�DJUHHPHQW�ZLWK�WKH�VWXG\�SURPRWHU�ZLOO�EH�
UHTXLUHG�IRU�DFFHVVLQJ�VKDUHG�GDWD��+RZHYHU��LQGLYLGXDO�SDUWLFLSDQW�
GDWD�ZLOO�QRW�EH�DYDLODEOH�EHFDXVH�LQIRUPHG�FRQVHQW�GLG�QRW�H[SOLFLWO\�
LQFOXGH�WKLV��6RXUFH�GDWD�DUH�SURYLGHG�DV�6RXUFH�'DWD�fiOHV�ZLWK�WKLV�
SDSHU��7KH�VWXG\�SURWRFRO��LQFOXGLQJ�WKH�VWDWLVWLFDO�DQDO\VLV�SODQ�KDV�
EHHQ�XSORDGHG�LQ�WKH�6XSSOHPHQWDU\�,QIRUPDWLRQ�fiOH��6RXUFH�GDWD�DUH�
SURYLGHG�ZLWK�WKLV�SDSHU��

5HIHUHQFHV�
�� $UWKXU��.��&��HW�DO��3URMHFWHG�LQFUHDVH�LQ�DP\RWURSKLF�ODWHUDO�

VFOHURVLV�IURP������WR�������1DW��&RPPXQ�������������������
�� 7D\ORU��-��3���%URZQ��5��+��	�&OHYHODQG��'��:��'HFRGLQJ�$/6��IURP�

JHQHV�WR�PHFKDQLVP��1DWXUH���������3������������
�� =KDR��:���%HHUV��'��5��	�$SSHO��6��+��,PPXQH�PHGLDWHG�PHFKDQLVPV�

LQ�WKH�SDWKRSURJUHVVLRQ�RI�DP\RWURSKLF�ODWHUDO�VFOHURVLV��-��1HX��
URLPPXQH�3KDUP��������3������������

�� 0F&RPEH��3��$���/HH��-��'���:RRGUXII��7��0��	�+HQGHUVRQ��5��'��7KH�
SHULSKHUDO�LPPXQH�V\VWHP�DQG�DP\RWURSKLF�ODWHUDO�VFOHURVLV��)URQW�
1HXURO������������������

�� <D]GDQL��6��HW�DO��7�FHOO�UHVSRQVHV�DW�GLDJQRVLV�RI�DP\RWURSKLF�ODWHUDO�
VFOHURVLV�SUHGLFW�GLVHDVH�SURJUHVVLRQ��1DW��&RPPXQ������
�������������

�� %HHUV��'��5��HW�DO��$/6�SDWLHQWV9 UHJXODWRU\�7�O\PSKRF\WHV�DUH�G\V��
IXQFWLRQDO��DQG�FRUUHODWH�ZLWK�GLVHDVH�SURJUHVVLRQ�UDWH�DQG�VHYHULW\��
-&,�,QVLJKW����H��������������

�� 7DNDKDPD��0���$NLUD��6��	�6DLWRK��7��$XWRSKDJ\�OLPLWV�DFWLYDWLRQ�RI�
WKH�LQflDPPDVRPHV��,PPXQRO��5HY���������3�����������

�� 3pODGHDX��&��	�6DQGKX��-��.��$EHUUDQW�1/53��LQflDPPDVRPH�DFWL��
YDWLRQ�LJQLWHV�WKH�fiUH�RI�LQflDPPDWLRQ�LQ�QHXURPXVFXODU�GLVHDVHV��
,QW�-��0RO��6FL�������������������

�� %DUPDGD��6��-��HW�DO��$XWRSKDJ\�LQGXFWLRQ�HQKDQFHV�7'3���WXUQRYHU�
DQG�VXUYLYDO�LQ�QHXURQDO�$/6�PRGHOV��1DW��&KHP��%LRO������
���3������������

��� /LSWRQ��-��2��	�6DKLQ��0��7KH�QHXURORJ\�RI�P725��1HXURQ�����
���3������������

��� 5DYLNXPDU��%��HW�DO��,QKLELWLRQ�RI�P725�LQGXFHV�DXWRSKDJ\�DQG�
UHGXFHV�WR[LFLW\�RI�SRO\JOXWDPLQH�H[SDQVLRQV�LQ�fl\�DQG�PRXVH�
PRGHOV�RI�+XQWLQJWRQ�GLVHDVH��1DW��*HQHW���������3������������

��� &DFFDPR��$��HW�DO��5DSDP\FLQ�UHVFXHV�7'3����PLVORFDOL]DWLRQ�DQG�
WKH�DVVRFLDWHG�ORZ�PROHFXODU�PDVV�QHXURfiODPHQW�LQVWDELOLW\��-��%LRO��
&KHP������������3��������������

��� &KHQQDPSDOO\��3��HW�DO��$�PLFURflXLGLF�DSSURDFK�WR�UHVFXH�$/6�
PRWRU�QHXURQ�GHJHQHUDWLRQ�XVLQJ�UDSDP\FLQ��6FL��5HS������
��������������

��� :DQJ��,��)��HW�DO��$XWRSKDJ\�DFWLYDWRUV�UHVFXH�DQG�DOOHYLDWH�SDWKR��
JHQHVLV�RI�D�PRXVH�PRGHO�ZLWK�SURWHLQRSDWKLHV�RI�WKH�7$5�'1$��

mailto://(null)(jessica.mandrioli@unimore.it
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ELQGLQJ�SURWHLQ�����3URF��1DWO�$FDG��6FL��86$������
�����3��������������

��� /DWWDQWH��6��HW�DO��6TVWP��NQRFN�GRZQ�FDXVHV�D�ORFRPRWRU�SKHQR��
W\SH�DPHOLRUDWHG�E\�UDSDP\FLQ�LQ�D�]HEUDfiVK�PRGHO�RI�$/6�)7/'��
+XP��0RO��*HQHW����������3�������������

��� 'HLYDVLJDPDQL��6���9HUPD��+��.���8HGD��5���5DWQDSDUNKL��$��	�5DWQD��
SDUNKL��*��6��$�JHQHWLF�VFUHHQ�LGHQWLfiHV�7RU�DV�DQ�LQWHUDFWRU�RI�9$3%�
LQ�D�'URVRSKLOD�PRGHO�RI�DP\RWURSKLF�ODWHUDO�VFOHURVLV��%LRO��2SHQ����
����3�������������
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(IIHFW�RI�516���LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��D�SKDVH�,,�
PXOWLFHQWUH��UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�WULDO�
�
(WWRUH�%HJKL��  _� (OLVDEHWWD�3XSLOOR��   _� (OLVD�%LDQFKL�� _� 9DOHQWLQD�%RQHWWR��   _�
6LOYLD�/XRWWL�� _� /DXUD�3DVHWWR�� _� &DWHULQD�%HQGRWWL�� _� 0DVVLPR�7RUWDUROR�� _�
)UDQFHVFD�6LURQL�� _� /DXUD�&DPSRUHDOH�� _� $OH[DQGHU�9��6KHUPDQ�� _� 6DEULQD�3DJDQRQL���� _�
$GD�6FRJQDPLJOLR�� _� )DELROD�'H�0DUFKL��   _� 3DROR�%RQJLRDQQL�� _�
5HQDWD�'HO�&DUUDWRUH��  _� &ODXGLD�&DSRQQHWWR�� _� /XFD�'LDPDQWL��   _� 'DQLHOH�0DUWLQHOOL�� _�
$QGUHD�&DOYR���  _�0DVVLPLOLDQR�)LORVWR���  _� $OHVVDQGUR�3DGRYDQL��� _�
6WHIDQR�&RWWL�3LFFLQHOOL��� _�&ODXGLD�5LFFL��� _� 6WHIDQLD�'DOOD�*LDFRPD��� _�
1LFROHWWD�'H�$QJHOLV��� _�0DXUL]LR�,QJKLOOHUL��� _� 5RVVHOOD�6SDWDUR���  _�
9LQFHQ]R�/D�%HOOD���  _� *LDQFDUOR�/RJURVFLQR������ _� &KULVWLDQ�/XQHWWD��� _�
&ODXGLD�7DUODULQL��� _� -HVVLFD�0DQGULROL������ _� ,ODULD�0DUWLQHOOL������  _� &HFLOLD�6LPRQLQL��� _�
(OLVDEHWWD�=XFFKL������ _� 0DULD�5RVDULD�0RQVXUUz��� _� 'DULR�5LFFLDUGL���   _�
)UDQFHVFD�7URMVL��� _� 1LOR�5LYD���   _� 0DVVLPR�)LOLSSL���   _� ,VDEHOOD�/DXUD�6LPRQH���   _�
*LDQQL�6RUDU����   _� &ULVWLQD�6SHUD��� _� /XFLD�)ORULR��� _� 6RQLD�0HVVLQD��� _�
0DVVLPR�5XVVR��� _� *DEULHOH�6LFLOLDQR��� _� $PHOLD�&RQWH��� _� 0DULD�9DOHULD�6DGGL��� _�
1LFROD�&DUERQL��� _� /HWL]LD�0D]]LQL�� _� RQ�EHKDOI�RI�WKH�516���$/6�6WXG\�*URXS�
�,VWLWXWR�GL�5LFHUFKH�)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR��,WDO\�
�1HXURORJLFDO� &OLQLFDO� 5HVHDUFK� ,QVWLWXWH�� 0DVVDFKXVHWWV� *HQHUDO� +RVSLWDO�� +DUYDUG�0HGLFDO� 6FKRRO�� %RVWRQ��0DVVDFKXVHWWV�� 86$�
�6HDQ�0��+HDOH\� DQG�$0*�&HQWHU� IRU� $/6� DW�0DVV�*HQHUDO� +RVSLWDO�� 'HSDUWPHQW� RI�1HXURORJ\�� %RVWRQ��0DVVDFKXVHWWV�� 86$�
�6SDXOGLQJ� 5HKDELOLWDWLRQ� +RVSLWDO�� 'HSDUWPHQW� RI� 30	5�� +DUYDUG�0HGLFDO� 6FKRRO�� %RVWRQ��0DVVDFKXVHWWV�� 86$�
�$/6�([SHUW�&HQWHU� 8Maggiore�GHOOD�Carità9�+RVSLWDO�DQG�8QLYHUVLW\�RI�3LHPRQWH�2ULHQWDOH��1RYDUD��,WDO\�
�6SLQDO�&RUG�,QMXULHV�6HFWLRQ��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�3LVDQD��3LVD��,WDO\�
�,QVWLWXWH�RI�&OLQLFDO�3K\VLRORJ\��&15���3LVD��,WDO\�
�,5&&6�2VSHGDOH�3ROLFOLQLFR�6DQ�0DUWLQR��*HQRD��,WDO\�
�,5&&6�0RQGLQR�)RXQGDWLRQ��3DYLD��,WDO\�
��&HQWUR�5HJLRQDOH�(VSHUWR�SHU� OD�6FOHURVL�/DWHUDOH�$PLRWURILFD��'LSDUWLPHQWR�GL�1HXURVFLHQ]H� 8Rita�/HYL�Montalcini9,�8QLYHUVLWj�GHJOL�6WXGL�GL�7RULQR��$28�&LWWj�
GHOOD�6DOXWH�H�GHOOD�6FLHQ]D�GL�7RULQR��7RULQR��,WDO\�
��'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�%UHVFLD��*XVVDJR�%UHVFLD��,WDO\�
��'HSDUWPHQW�RI�0HGLFDO��6XUJLFDO�DQG�1HXURORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�6LHQD��6LHQD��,WDO\�
��8QLYHUVLWj�GL�5RPD� 8Sapienza9�826'�0DODWWLH�1HXURGHJHQHUDWLYH��&HQWUR�0DODWWLH�5DUH�1HXURPXVFRODUL�3ROLFOLQLFR�8QLYHUVLWDULR�8PEHUWR�,��5RPD��,WDO\�
��$/6�&OLQLFDO�5HVHDUFK�&HQWHU��$283� 8P�Giaccone9���8QLYHUVLW\�RI�3DOHUPR��3DOHUPR��,WDO\�
��&HQWHU�IRU�QHXURGHJHQHUDWLYH�GLVHDVHV�DQG�WKH�$JLQJ�%UDLQ��'HSDUWPHQW�RI�&OLQLFDO�5HVHDUFK�LQ�1HXURORJ\�RI�WKH�8QLYHUVLW\�RI�%DUL�DW�8Pia�)RQGD]LRQH�&DUG�
*��3DQLFR�8Hospital�7ULFDVH��7ULFDVH��,WDO\�
��'HSDUWPHQW�RI�%DVLF�0HGLFLQH�1HXURVFLHQFH�DQG�6HQVH�2UJDQV��8QLYHUVLW\�$OGR�0RUR�%DUL��%DUL��,WDO\�
�

)RU�516���$/6�6WXG\�*URXS4VHH�$SSHQGL[�%��
�
7KLV� LV�DQ�RSHQ�DFFHVV�DUWLFOH�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�1RQ&RPPHUFLDO�/LFHQVH��ZKLFK�SHUPLWV�XVH��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�
LQ�DQ\�PHGLXP��SURYLGHG�WKH�RULJLQDO�ZRUN�LV�SURSHUO\�FLWHG�DQG�LV�QRW�XVHG�IRU�FRPPHUFLDO�SXUSRVHV��
�������7KH�$XWKRUV��(XURSHDQ�-RXUQDO�RI�1HXURORJ\�SXEOLVKHG�E\�-RKQ�:LOH\�	�6RQV�/WG�RQ�EHKDOI�RI�(XURSHDQ�$FDGHP\�RI�1HXURORJ\��
�
(XU�-�1HXURO������������3����

�
ZLOH\RQOLQHOLEUDU\�FRP�MRXUQDO�HQH� _����
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��&HQWUR�&OLQLFR�1H02�0LODQR�� )RQGD]LRQH� 6HUHQD�21/86��0LODQ�� ,WDO\�
��'HSDUWPHQW�RI�%LRPHGLFDO��0HWDEROLF�DQG�1HXUDO�6FLHQFHV��8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��0RGHQD��,WDO\�
��'HSDUWPHQW� RI� 1HXURVFLHQFHV�� $]LHQGD� 2VSHGDOLHUR�8QLYHUVLWDULD� 'L� 0RGHQD��0RGHQD�� ,WDO\�
��&OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH�3K'�3URJUDP��8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��0RGHQD��,WDO\�
��1HXURVFLHQFH�3K'�3URJUDP��8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��0RGHQD��,WDO\�
��'HSDUWPHQW�RI�$GYDQFHG�0HGLFDO�DQG�6XUJLFDO�6FLHQFHV��8QLYHUVLW\�RI�&DPSDQLD� 8Luigi�Vanvitelli9,�1DSOHV��,WDO\�
��1HXURORJ\�8QLW��1HXURUHKDELOLWDWLRQ�8QLW��DQG�1HXURSK\VLRORJ\�8QLW��9LWD�6DOXWH�6DQ�5DIIDHOH�8QLYHUVLW\�DQG�6DQ�5DIIDHOH�6FLHQWLILF�,QVWLWXWH��0LODQ��,WDO\�
��1HXURORJ\�8QLW��'HSDUWPHQW�RI�%DVLF�0HGLFDO�6FLHQFHV��1HXURVFLHQFHV�DQG�6HQVH�2UJDQV��8QLYHUVLW\�RI�%DUL��%DUL��,WDO\�
��0RWRU�1HXWRQ�'LVHDVH�&HQWHU��'HSDUWPHQW�RI�1HXURVFLHQFHV��$]LHQGD�2VSHGDOH�8QLYHUVLWj�GL�3DGRYD��3DGRYD��,WDO\�
��Azienda Ospedaliera 8S Maria9 Terni, Terni, Italy�
��1HXURORJ\�'HSDUWPHQW��)RQGD]LRQH�,5&&6�&DVD�6ROOLHYR�GHOOD�6RIIHUHQ]D��6DQ�*LRYDQQL�5RWRQGR��,WDO\�
��'HSDUWPHQW� RI� &OLQLFDO� DQG� ([SHULPHQWDO� 0HGLFLQH�� 8QLYHUVLW\� RI� 0HVVLQD�� 0HVVLQD�� ,WDO\�
��'HSDUWPHQW�RI�FOLQLFDO�DQG�H[SHULPHQWDO�PHGLFLQH��8QLYHUVLW\�RI�3LVD��3LVD��,WDO\�
��&HQWUR� &OLQLFR� 1(02�)RQGD]LRQH� 3ROLFOLQLFR� 8QLYHUVLWDULR� $�� *HPHOOL� ,5&&6�� 5RPD�� ,WDO\�
��1HXURORJ\�'HSDUWPHQW��6DQ�)UDQFHVFR�+RVSLWDO��1XRUR��,WDO\�

�
&RUUHVSRQGHQFH�
(OLVDEHWWD�3XSLOOR��/DERUDWRU\�RI�
1HXURORJLFDO�'LVRUGHUV��,VWLWXWR�GL�
5LFHUFKH�)DUPDFRORJLFKH�0DULR�1HJUL�
,5&&6��9LD�0DULR�1HJUL����������0LODQ��
,WDO\��
(PDLO��HOLVDEHWWD�SXSLOOR#PDULRQHJUL�LW�
�
)XQGLQJ� LQIRUPDWLRQ�
0DVVDFKXVHWWV� *HQHUDO� +RVSLWDO�

$EVWUDFW�
%DFNJURXQG�DQG�SXUSRVH��$P\RWURSKLF�ODWHUDO�VFOHURVLV��$/6��LV�D�IDWDO�QHXURGHJHQHUD��
WLYH�GLVHDVH�ZLWK�OLPLWHG�WUHDWPHQW�RSWLRQV��516���LV�DQ�LPPXQRPRGXODWRU\�DQG�QHXUR��
SURWHFWLYH�LQYHVWLJDWLRQDO�SURGXFW�WKDW�KDV�VKRZQ�HIILFDF\�LQ�DQLPDO�PRGHOV�RI�$/6�DQG�
RWKHU�QHXURGHJHQHUDWLYH�GLVHDVHV��,WV�DGPLQLVWUDWLRQ�KDV�EHHQ�VDIH�DQG�ZHOO�WROHUDWHG�LQ�
$/6�VXEMHFWV�LQ�SUHYLRXV�HDUO\�SKDVH�WULDOV��
0HWKRGV��7KLV�ZDV�D�SKDVH�,,��PXOWLFHQWUH��UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG��
SDUDOOHO�JURXS�WULDO��3DUWLFLSDQWV�GLDJQRVHG�ZLWK�GHILQLWH��SUREDEOH�RU�SUREDEOH�ODERUDWRU\��
VXSSRUWHG�$/6�ZHUH�DVVLJQHG� WR� UHFHLYH�516���RU� SODFHER�DGPLQLVWHUHG� IRU����ZHHNV�
LQWUDYHQRXVO\������PO��RQFH�D�ZHHN�DQG�YLD�QHEXOL]DWLRQ����PO�GD\��RQ�QRQ�LQIXVLRQ�GD\V��
IROORZHG�E\�DQ�DGGLWLRQDO����ZHHNV�RII�WUHDWPHQW��7KH�SULPDU\�REMHFWLYH�ZDV�WR�PHDV��XUH�
WKH� HIIHFWV� RI� 516��� WUHDWPHQW� RQ� VHOHFWHG� ELRPDUNHUV� RI� LQIODPPDWLRQ� DQG� QHX��
URGHJHQHUDWLRQ� LQ� SHULSKHUDO� EORRG�� 6HFRQGDU\� REMHFWLYHV� ZHUH� WR�PHDVXUH� WKH� HIIHFW�
RI�516���RQ�IXQFWLRQDO�LPSDLUPHQW��$/6�)XQFWLRQDO�5DWLQJ�6FDOH45HYLVHG���D�PHDVXUH� RI�
VHOI�VXIILFLHQF\�� UHVSLUDWRU\� IXQFWLRQ� �IRUFHG� YLWDO� FDSDFLW\�� )9&��� TXDOLW\� RI� OLIH� �$/6�
$VVHVVPHQW� 4XHVWLRQQDLUH����� $/6$4����� DQG� VXUYLYDO�� 7ROHUDELOLW\� DQG� VDIHW\� ZHUH�
DVVHVVHG��
5HVXOWV��6HYHQW\�IRXU�SDUWLFLSDQWV�ZHUH�DVVLJQHG�WR�516���DQG����WR�SODFHER��$VVHVVHG�
ELRPDUNHUV�GLG�QRW�GLIIHU�EHWZHHQ�DUPV��7KH�PHDQ�UDWH�RI�GHFOLQH�LQ�)9&�DQG�WKH�HDW��LQJ�
DQG�GULQNLQJ�GRPDLQ�RI�$/6$4����ZDV�VORZHU� LQ�WKH�516���DUP��)9&��GLIIHUHQFH�
�����SHU�ZHHN��VWDQGDUG�HUURU�������S� ���������$/6$4�����GLIIHUHQFH�3�����SHU�ZHHN��
VWDQGDUG�HUURU�������S� ����������$GYHUVH�HYHQWV�ZHUH�VLPLODU�LQ�WKH�WZR�DUPV��,Q�D�SRVW�
KRF�DQDO\VLV��QHXURILODPHQW�OLJKW�FKDLQ�LQFUHDVHG�RYHU�WLPH�LQ�EXOEDU�RQVHW�SODFHER�SDU��
WLFLSDQWV�ZKLOVW�UHPDLQLQJ�VWDEOH�LQ�WKRVH�WUHDWHG�ZLWK�516����
&RQFOXVLRQV��7KH�SRVLWLYH�HIIHFWV�RI�516���RQ�VHOHFWHG�PHDVXUHV�RI�UHVSLUDWRU\�DQG�EXO��
EDU�IXQFWLRQ�ZDUUDQW�IXUWKHU�LQYHVWLJDWLRQ��
�
.�(�<�:2�5�'�6�
$/6��FOLQLFDO�WULDO��SODFHER�FRQWUROOHG��UDQGRPL]HG��WUHDWPHQW�
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$P\RWURSKLF�ODWHUDO�VFOHURVLV��$/6��LV�D�SURJUHVVLYH�DQG�IDWDO�QHXUR��
GHJHQHUDWLYH�GLVHDVH�WKDW�DIIHFWV�PRWRU�QHXURQV�LQ�WKH�VSLQDO�FRUG��
EUDLQVWHP�DQG�PRWRU�FRUWH[�UHVXOWLQJ�LQ�PXVFOH�DWURSK\�DQG�SDUDO\��
VLV��5HVSLUDWRU\�FRPSOLFDWLRQV�DUH�WKH�PRVW�FRPPRQ�FDXVH�RI�GHDWK�
DQG�GHYHORS�GXH�WR�SURJUHVVLYH�SDUDO\VLV�RI�WKH�GLDSKUDJP�DQG�WKH�
DFFHVVRU\�PXVFOHV�WKDW�VXSSRUW�YHQWLODWLRQ�>�@��5LOX]ROH�>�@�DQG�HGD��
UDYRQH�>�@�DUH�WKH�RQO\�WZR�DYDLODEOH�GLVHDVH�PRGLI\LQJ�PHGLFDWLRQV�
RQ� WKH�PDUNHW�DQG� WKH\�ERWK�KDYH�RQO\�PRGHVW�HIIHFWV�RQ�GLVHDVH�
RXWFRPHV��7KXV��WKHUH�LV�DQ�XUJHQW�QHHG�WR�GHYHORS�PRUH�WUHDWPHQWV�
IRU�SHRSOH�OLYLQJ�ZLWK�$/6��

,Q� UHFHQW� \HDUV�� PXOWLSOH� OLQHV� RI� HYLGHQFH� KDYH� VXSSRUWHG� D�
FULWLFDO�UROH�IRU�QHXURLQIODPPDWLRQ�LQ�$/6�SDWKRSK\VLRORJ\�LQ�� FOXGLQJ�
LQ� YLYR� LPDJLQJ� VWXGLHV� LQ� PRXVH� $/6� PRGHOV�� H[� YLYR� DQDO\VHV�
UHYHDOLQJ� DVWURF\WH� DQG� PLFURJOLD� DFWLYDWLRQ� HYHQ� LQ� SUH�
V\PSWRPDWLF�SKDVHV��DQG�UHFHQW�GLVFRYHULHV�VKRZLQJ�LQYROYH��PHQW�
RI�VHYHUDO�JHQHV�GLUHFWO\�OLQNHG�WR�WKH�LPPXQH�UHVSRQVH�>�@��'HIHFWV�
LQ� PLWRFKRQGULDO� ELRHQHUJHWLFV� KDYH� DOVR� EHHQ� LPSOLFDWHG� LQ�WKH�
SDWKRJHQHVLV� RI� $/6� DQG� DUH� EHLQJ� FRQVLGHUHG� DV� SRWHQWLDO�
WKHUDSHXWLF�WDUJHWV�>�3�@��

516���LV�DQ�LQYHVWLJDWLRQDO�SURGXFW�JHQHUDWHG�E\�XVLQJ�PRGLILHG�
7D\ORU3&RXHWWH33RLVHXLOOH� IORZ� XQGHU� HOHYDWHG� R[\JHQ� SUHVVXUH��
ZKLFK� LV� K\SRWKHVL]HG� WR� JHQHUDWH� R[\JHQ�ILOOHG� FKDUJH�VWDELOL]HG�
QDQRVWUXFWXUHV��2��QDQREXEEOHV���$OWKRXJK�DW�D�PROHFXODU�OHYHO�WKH�
PHFKDQLVP� RI� DFWLRQ� RI� 516��� KDV� QRW� EHHQ� IXOO\� HOXFLGDWHG� \HW��
LWV� LPPXQRPRGXODWRU\� DQG� F\WRSURWHFWLYH� SURSHUWLHV� KDYH� EHHQ�
GHPRQVWUDWHG�LQ�DQLPDO�PRGHOV�RI�QHXURLQIODPPDWLRQ��QHXURGHJHQ��
HUDWLRQ� DQG� EUDLQ� LQMXU\� >�3��@�� ,PSRUWDQWO\�� LQ� 62'�*��$� WUDQV��
JHQLF�PLFH��D�ZLGHO\�XVHG�PRGHO�RI�$/6��516���DGPLQLVWHUHG�DW�WKH�
RQVHW�RI�WKH�GLVHDVH�GHOD\HG�WKH�QHXURPXVFXODU�GHILFLW�DQG�SDUDO\��VLV�
E\� YLUWXH� RI� LWV� HIIHFWV� RQ� PXOWLSOH� GLVHDVH� PHFKDQLVPV� LQ� PRWRU�
QHXURQV��JOLDO�FHOOV�DQG�SHULSKHUDO�LPPXQH�FHOOV�>�@��516���SURPRWHV�
PLWRFKRQGULDO� IXQFWLRQ� DQG� ELRJHQHVLV� >���� ��@� DQG� DFWLYDWHV� WKH�
3,�.�$NW� SUR�VXUYLYDO� SDWKZD\� LQ� QHXURQV� >��@�� )XUWKHUPRUH� LW� UH��
GXFHV�JOLDO�LQIODPPDWLRQ�>�@�DQG�LQFUHDVHV�UHJXODWRU\�7�FHOOV��7UHJV��
LQ�PXOWLSOH�VFOHURVLV�DQG�$/6�PRXVH�PRGHOV�>���������@��0RUHRYHU��
516��� KDV�EHHQ� VKRZQ� WR� LQFUHDVH� QHXURWUDQVPLVVLRQ� DQG� UHGXFH�
IDWLJDELOLW\� RI� QHUYH� VWLPXODWHG�PXVFOHV� LQ� D�PXULQH� SKUHQLF� QHUYH�
GLDSKUDJP�H[�YLYR�SUHSDUDWLRQ�>��@��&OLQLFDOO\��ORQJ�WHUP�516���DG��
PLQLVWUDWLRQ�KDV�EHHQ�VKRZQ�WR�EH�VDIH�DQG�ZHOO�WROHUDWHG�LQ�D�SLORW�
RSHQ�ODEHO� WULDO� LQ� $/6� SDWLHQWV�� 1R� VHULRXV� DGYHUVH� HYHQWV� �$(V��
UHODWHG�WR�516���RFFXUUHG�DQG�QR�SDUWLFLSDQW�ZLWKGUHZ�IURP�WKH� WULDO�
GXH� WR� GUXJ�UHODWHG� $(V� >��@�� +HUH� WKH� UHVXOWV� DUH� UHSRUWHG� RI�D�
SKDVH� ,,� WULDO� LQ�SHRSOH�ZLWK�$/6�ZKHUH� WKH�HIIHFWV�RI�516���RQ�D�
QXPEHU�RI�FDQGLGDWH�ELRPDUNHUV�DQG�FOLQLFDO�HQG�SRLQWV�ZHUH�LQYHV��
WLJDWHG��%LRPDUNHUV�PHDVXUHG�LQ�WKLV�WULDO�LQFOXGHG�PDUNHUV�NQRZQ� WR�
EH�PRGLILHG�E\�516���LQ�SUHFOLQLFDO�VWXGLHV��LQWHUOHXNLQ����>,/����@��
7UHJV� DQG� SURWHLQ� QLWUDWLRQ�� >��� ��@�� PDUNHUV� LPSOLFDWHG� LQ� $/6�
SDWKRJHQHVLV� �PRQRF\WH� FKHPRDWWUDFWDQW� SURWHLQ��� >0&3��@� DQG�
F\FORSKLOLQ�$�SHSWLG\O�SURO\O�LVRPHUDVH�$�>33,$@��>������@�DQG�QHXUR��
ILODPHQW� OLJKW�FKDLQ��1I/���DQ�HVWDEOLVKHG�ELRPDUNHU�RI�QHXURD[RQDO�
GHJHQHUDWLRQ�>��@��

7ULDO�GHVLJQ�
�
7KLV�ZDV�D�PXOWLFHQWUH��UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG��
SDUDOOHO�JURXS��DGG�RQ�WULDO��

7KH� SULPDU\� VWXG\� REMHFWLYH� ZDV� WR� PHDVXUH� WKH� HIIHFW� RI�
516��� WUHDWPHQW� RQ� FDQGLGDWH� PDUNHUV� RI� LQIODPPDWLRQ� DQG� QHX��
URGHJHQHUDWLRQ� LQ� WKH� SHULSKHUDO� EORRG� RI� SHRSOH� OLYLQJ� ZLWK� $/6��
&DQGLGDWH�PDUNHUV�ZHUH�0&3����33,$��W\URVLQH�QLWUDWHG�DFWLQ��DF��WLQ�
17��� ��QLWURW\URVLQH� ���17��� ,/����� 1I/� DQG� 7UHJV� �PHDVXUHG� YLD�
)2;3�� DQG� &'��� P51$��� 6HFRQGDU\� REMHFWLYHV� ZHUH� WR� HYDOX��
DWH� WKH� HIIHFW� RI� 516��� RQ� IXQFWLRQDO� LPSDLUPHQW� DV� PHDVXUHG�
E\�WKH�$/6�)XQFWLRQDO�5DWLQJ�6FDOH45HYLVHG��$/6)56�5���WKH�HI�� IHFW�
RQ� UHVSLUDWRU\� IXQFWLRQ� DV�PHDVXUHG� E\� WKH� IRUFHG� YLWDO� FD�� SDFLW\�
�)9&���SHU�FHQW�SUHGLFWHG�RI�QRUPDO�YDOXH���WKH�LPSDFW�RQ�TXDOLW\�RI�
OLIH� DV�PHDVXUHG�E\�$/6�$VVHVVPHQW�4XHVWLRQQDLUH���� �$/6$4�����
�ILYH� GRPDLQV�� SK\VLFDO� PRELOLW\�� DFWLYLWLHV� RI� GDLO\� OLY�� LQJ� DQG�
LQGHSHQGHQFH�� HDWLQJ� DQG� GULQNLQJ�� FRPPXQLFDWLRQ�� HPR�� WLRQDO�
UHDFWLRQV���WKH�HIIHFW�RQ�VHOI�VXIILFLHQF\�GHILQHG�DV�KDYLQJ�D�VFRUH�RI�
�� RU� �� RQ� DOO� WKUHH� VHOHFWHG� $/6)56�5� TXHVWLRQV� �VSHFLIL�� FDOO\�
VZDOORZLQJ�� FXWWLQJ� IRRG� DQG� KDQGOLQJ� XWHQVLOV�� DQG� ZDONLQJ��� WKH�
HIIHFW� RQ� VXUYLYDO�� WROHUDELOLW\� DQG� VDIHW\� DV� PHDVXUHG� E\� WKH�
LGHQWLILFDWLRQ�RI�$(V��
�
�
6WXG\�SRSXODWLRQ�
�
7ULDO�SDUWLFLSDQWV�ZHUH�HQUROOHG�DW����,WDOLDQ�([SHUW�$/6�&HQWUHV� IURP�
0D\� ����� WR� -DQXDU\� ������ 7KH� WULDO� HQUROOHG� DGXOWV� �DJHG� ��3���
\HDUV��ZLWK�D�GLDJQRVLV�RI�GHILQLWH��SUREDEOH�RU�SUREDEOH�ODERUDWRU\�
VXSSRUWHG� $/6� DFFRUGLQJ� WR� WKH� UHYLVHG� (O� (VFRULDO� FULWH�� ULD� >��@�
ZKRVH� V\PSWRP� RQVHW� KDG� RFFXUUHG� �� WR� ��� PRQWKV� SULRU� WR�
HQUROPHQW��$GGLWLRQDO�HOLJLELOLW\�FULWHULD�LQFOXGHG�JHRJUDSKLF�DFFHVV� WR�
WKH�HQUROOLQJ�FHQWUH� �VR� WKDW� WKH\�FRXOG�JR� WR� WKH�VLWH�RQ�D�ZHHNO\�
EDVLV�IRU�LQWUDYHQRXV�LQIXVLRQV���VHOI�VXIILFLHQF\��GHILQHG�DV�KDYLQJ� D�
VFRUH�RI���RU���RQ�DOO�WKUHH�VHOHFWHG�$/6)56�5�TXHVWLRQV��VSHFLIL��FDOO\�
VZDOORZLQJ�� FXWWLQJ� IRRG� DQG� KDQGOLQJ� XWHQVLOV�� DQG� ZDONLQJ���
satisfactory respiratory function (FVC ≥����� RI� SUHGLFWHG� QRUPDO�
YDOXH���GRFXPHQWHG�SURJUHVVLRQ�RI�$/6�V\PSWRPV� LQ�WKH���PRQWKV�
SULRU�WR�VFUHHQLQJ�DV�PHDVXUHG�E\�D�GHFUHDVH�RI�DW�OHDVW���SRLQW�LQ�WKH�
$/6)56�5�VFDOH�WRWDO�VFRUH��VWDEOH�WUHDWPHQW�ZLWK�ULOX]ROH�DW�D�GRVH�
RI����PJ�WZLFH�D�GD\��
�
�
7ULDO�LQWHUYHQWLRQV�DQG�SURFHGXUHV�
�
3DUWLFLSDQWV� ZHUH� UDQGRPO\� DVVLJQHG� WR� UHFHLYH� HLWKHU� 516��� RU�
PDWFKLQJ� SODFHER� ZKLOVW� FRQFRPLWDQWO\� WDNLQJ� ULOX]ROH�� 7UHDWPHQW�
DOORFDWLRQ� ZDV� FHQWUDOO\� PDQDJHG� XVLQJ� D� FRPSXWHU�JHQHUDWHG��
SHUPXWHG�EORFN��ZLWK�D�EORFN�VL]H�RI���������UDQGRPL]DWLRQ�VFKHPH��
$Q\� FRQFRPLWDQW� WUHDWPHQW� FRXOG� EH� FRQWLQXHG� DV� SHU� PHGLFDO�
LQGLFDWLRQ�� 516��� RU� SODFHER� ZDV� DGPLQLVWHUHG� LQWUDYHQRXVO\�
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�
�����PO�LQIXVHG�DW�D�UDWH�RI�����PO�K��RQFH�D�ZHHN�DV�ZHOO�DV�LQ��KDOHG�
YLD� QHEXOL]DWLRQ� ��� PO� 516��� RU� SODFHER�� HYHU\� PRUQLQJ����GD\V�
D�ZHHN�RQ�QRQ�LQIXVLRQ�GD\V�� IRU����ZHHNV� �RQ�WUHDWPHQW�SHULRG���
7KH� LQWUDYHQRXV� �,9�� GRVH� ZDV� VFDOHG� IURP� DQLPDO� VWXGLHV� XVLQJ�
FRQYHQWLRQDO� IRUPXODH�� DOWKRXJK� WKH� GRVLQJ� LQ� DQLPDO� VWXGLHV�
�LQWUDSHULWRQHDO� URXWH�� ZDV� PRUH� IUHTXHQW�� 7R� PLQLPL]H� WKH� QHHG�
IRU�PRUH� IUHTXHQW� ,9� LQIXVLRQV�� WKH�HDUOLHU�SLORW� WULDO�KDG�HPSOR\HG�
GDLO\� LQKDODWLRQV� WR� EULGJH� WKH� LQWHUYDO� EHWZHHQ� WKH� KLJKHU� YROXPH�
ZHHNO\�,9�GRVHV��$V�WKDW�FRPELQDWLRQ�GRVH�KDG�EHHQ�ZHOO�WROHU�� DWHG�
LQ� WKH�SLORW� WULDO�� LW�ZDV�GHFLGHG� WR�XVH� WKH�VDPH�GRVH� LQ� WKLV� WULDO��
3DUWLFLSDQWV� ZHUH� DOVR� IROORZHG� IRU� DQ� DGGLWLRQDO� ���ZHHNV�RII�
WUHDWPHQW�SHULRG��WKURXJK�ZHHN����� WR� LQYHVWLJDWH�ZKHWKHU�516���
HIIHFWV� SHUVLVW� DIWHU� VXVSHQVLRQ� RI� WKH� WUHDWPHQW� DQG�� LQ�WKH�FDVH�
RI�D�SRVLWLYH�HIIHFW�� WR�HYDOXDWH� WKHLU�GXUDWLRQ��$GKHUHQFH�ZLWK� WKH�
DVVLJQHG�KRPH�WUHDWPHQW�ZDV�PHDVXUHG�E\�FRXQWLQJ�WKH�QXPEHU� RI�
XVHG�XQXVHG� V\ULQJHV� UHWXUQHG� E\� WKH� SDUWLFLSDQW� DW�HDFK�YLVLW��

1HEXOL]HU�PDFKLQHV��516���DQG�SODFHER� IRU� LQIXVLRQ�DQG� LQKD��
ODWLRQ�ZHUH�VXSSOLHG�E\�5HYDOHVLR�&RUSRUDWLRQ�LQ�LGHQWLFDO�,9�EDJV�DQG�
V\ULQJHV��UHVSHFWLYHO\��%RWK�SDUWLFLSDQWV�DQG�VWXG\�VWDII�ZHUH�EOLQGHG�
WR�WKH�WUHDWPHQW�DVVLJQPHQW��$VVLJQHG�ER[��LQIXVLRQ�DQG�QHEXOL]HU��
WUHDWPHQW�ZDV�VKRZQ�E\�DQ�LQWHUDFWLYH�ZHE�UHVSRQVH�V\VWHP�DW�HDFK�
YLVLW�PDNLQJ�LQYHVWLJDWRUV�EOLQGHG�IRU�WKH�HQWLUH�VWXG\��
�
�
'DWD�FROOHFWLRQ�
�
%ORRG� VDPSOHV� IRU� ELRPDUNHU� DQDO\VHV� �51$� DQG� SURWHLQV�� IRU� GH��
WDLOHG�PHWKRGV�VHH�6XSSOHPHQWDU\�0DWHULDO��ZHUH�FROOHFWHG�RQ�GD\� ��
�EHIRUH� WKH� ILUVW� LQIXVLRQ�� DQG� DW� ZHHNV� ��� ���� ��� �RQ�WUHDWPHQW�
SHULRG��DQG�����RII�WUHDWPHQW���6DIHW\�DQG�HIILFDF\�ZHUH�DVVHVVHG�E\�
ZD\�RI�SK\VLFDO�H[DPLQDWLRQ��YLWDO�VLJQV�DQG�$(V��&KDQJHV�LQ�IXQFWLRQ�
DQG�TXDOLW\�RI�OLIH�ZHUH�DVVHVVHG�XVLQJ�WKH�$/6)56�5��)9&��RQ�GD\���
DQG�DW�ZHHNV���������������DQG�����DQG�$/6$4�����RQ�GD\���DQG�DW�
ZHHNV�������DQG������
�

�
6WDWLVWLFDO�DQDO\VLV�
�
6HSDUDWH� DQDO\VHV� ZHUH� SHUIRUPHG� IRU� ���� DOO� UDQGRPL]HG� SDUWLFL��
SDQWV� �LQWHQWLRQ�WR�WUHDW� >,77@� SRSXODWLRQ�� SULPDU\� DQDO\VLV��� ����
VWXG\� FRPSOHWHUV� DQG� FRPSOLHUV� �ZKLFK� LQFOXGHG� SDUWLFLSDQWV� ZKR�
FRPSOHWHG�WKH����ZHHN�RQ�WUHDWPHQW�SHULRG�DQG�WRRN�DW�OHDVW�����
RI�WKH�DVVLJQHG�GRVH�������SDUWLFLSDQWV�ZKR�GLG�QRW�KDYH�DQ\�PDMRU�
SURWRFRO�GHYLDWLRQ��33�SRSXODWLRQ���

'HVFULSWLYH� VWDWLVWLFV�ZHUH� SHUIRUPHG� FRPSDULQJ� WKH� WZR� WUHDW��
PHQW�JURXSV��&RQWLQXRXV�YDULDEOHV�ZHUH�GHVFULEHG�XVLQJ�PHDQ�DQG�
VWDQGDUG� GHYLDWLRQ� RU� PHGLDQ� DQG� LQWHUTXDUWLOH� UDQJH�� FDWHJRULFDO�
YDULDEOHV�ZHUH�GHVFULEHG�DV�FRXQWV�DQG�SHUFHQWDJHV��

3UH�HQUROPHQW�SURJUHVVLRQ�UDWH�ZDV�FDOFXODWHG�DV�IROORZV������3�
$/6)56� VFRUH� DW� GLDJQRVLV���GLVHDVH� GXUDWLRQ� DW� GLDJQRVLV��� ZKHUH�
GLVHDVH�GXUDWLRQ�DW�GLDJQRVLV�LV�WKH�WLPH�IURP�RQVHW�WR�GLDJQRVLV�LQ�

PRQWKV��3DUWLFLSDQWV�ZLWK�D�SURJUHVVLRQ�UDWH�KLJKHU�WKDQ�RU�HTXDO�WR�
�����ZHUH�FODVVLILHG�DV�IDVW�SURJUHVVLQJ��ZKLOVW�WKRVH�ZLWK�D�VFRUH�
ORZHU�WKDQ������ZHUH�FODVVLILHG�DV�VORZ�SURJUHVVLQJ�>������@��
�
�
%LRPDUNHU�DQDO\VHV�
�
7KH�PHDQ�FKDQJHV�LQ�ELRPDUNHU�OHYHOV�RYHU�WKH�RQ�WUHDWPHQW�SH��ULRG�
�ZHHNV��3����DQG�WKH�IROORZ�XS��RII�WUHDWPHQW�SHULRG��ZHHNV���3����
ZHUH�DQDO\VHG�XVLQJ�UHSHDWHG�PHDVXUHV�DQDO\VLV�RI�YDULDQFH��$129$��
ZLWK�DQ�XQVWUXFWXUHG�YDULDQFH3FRYDULDQFH�PDWUL[��VHH�6XSSOHPHQWDU\�
0DWHULDO�IRU�GHWDLOV���7KH�YDULDWLRQ�RI�WKH�ELRPDUN��HUV�RYHU�WLPH�ZDV�
WHVWHG�E\�WKH�WLPH�HIIHFW��WKH�GLIIHUHQFH�EHWZHHQ�WUHDWPHQW�JURXSV�DW�
VSHFLILF�YLVLW�WLPHV�ZDV�WHVWHG�E\�WKH�WUHDWPHQW�PDLQ�HIIHFW��DQG�WKH�
GLIIHUHQFH�EHWZHHQ�JURXSV�LQ�WKH�YDULDWLRQ�RYHU�WLPH�ZDV�WHVWHG�E\�
WKH� WUHDWPHQW
WLPH� LQWHUDFWLRQ� WHUP�� ,Q� DOO� PRG�� HOV�� WLPH� ZDV�
H[SUHVVHG�LQ�ZHHNV��
�
�
&OLQLFDO�RXWFRPH�DQDO\VHV�
�
7KH�PHDQ�FKDQJHV�LQ�)9&��SHU�FHQW�SUHGLFWHG���$/6)56�5�WRWDO�VFRUH�
DQG�WKH�ILYH�GRPDLQV�RI�WKH�$/6$4����VFDOH�ZHUH�DQDO\VHG�RYHU�WKH�
RQ�WUHDWPHQW�SHULRG��ZHHNV��3����DQG�WKH�IROORZ�XS��RII�WUHDWPHQW�
SHULRG��ZHHNV���3����XVLQJ�UHSHDWHG�PHDVXUHV�OLQHDU�PL[HG�PRG��HOV�
ZLWK� UDQGRP� LQWHUFHSW� DQG� VORSH� DQG� DQ� XQVWUXFWXUHG� YDULDQFH3�
FRYDULDQFH�PDWUL[��VHH�6XSSOHPHQWDU\�0DWHULDO�IRU�GHWDLOV���,Q�WKHVH�
PRGHOV�� WKH� WUHDWPHQW� HIIHFW� ZDV�PHDVXUHG� E\� WKH� GLIIHUHQFH� EH��
WZHHQ�WKH�VORSHV�RI�WKH�WZR�WUHDWPHQW�DUPV��ZKLFK�ZDV�WHVWHG�E\�WKH�
WUHDWPHQW
WLPH� LQWHUDFWLRQ� WHUP�� 'LIIHUHQFHV� LQ� EDVHOLQH� YDOXHV�
EHWZHHQ� WUHDWPHQW� JURXSV�ZHUH� WHVWHG� E\� WKH� WUHDWPHQW�PDLQ� HI��
IHFW��ZKLOVW�FKDQJHV�RYHU�WLPH�ZHUH�WHVWHG�E\�WKH�WLPH�HIIHFW��,Q�DOO�
PRGHOV��WLPH�ZDV�H[SUHVVHG�LQ�ZHHNV��

7KH� FXPXODWLYH� SURSRUWLRQV� RI� SDUWLFLSDQWV� UHPDLQLQJ� VHOI��
VXIILFLHQW� DQG� VXUYLYDO� ZHUH� FDOFXODWHG� LQ� ERWK� WUHDWPHQW� DUPV� DW�
��� ���� ���� ��� DQG� ���ZHHNV� XVLQJ� .DSODQ30HLHU� VXUYLYDO� FXUYHV��
'LIIHUHQFHV�EHWZHHQ�VXUYLYDO�FXUYHV�ZHUH�DVVHVVHG�ZLWK�WKH�ORJ��UDQN�
WHVW��
�
�
6DIHW\�
�
7RWDO��PHDQ�QXPEHU��ZLWK�VWDQGDUG�GHYLDWLRQ��DQG�WKH�SURSRUWLRQ�RI�
SDWLHQWV�ZLWK�DW�OHDVW�RQH�$(�ZHUH�UHSRUWHG�VHSDUDWHO\�IRU�GLIIHUHQW�
W\SHV�RI�$(V��PLOG��PRGHUDWH��VHYHUH��VHULRXV�$(V��$(V�OHDGLQJ�WR�
WUHDWPHQW�GLVFRQWLQXDWLRQ�DQG�GUXJ�UHODWHG�$(V��DW�WKH�HQG�RI�WKH�
VWXG\��ZHHN�����DQG�GXULQJ�WKH�RQ�WUHDWPHQW�SHULRG�DW�ZHHNV�������
DQG����� LQ�HDFK�VWXG\�JURXS��'LIIHUHQFHV�EHWZHHQ� WUHDWPHQW�DUPV�
ZHUH� WHVWHG�ZLWK� WKH�:LOFR[RQ30DQQ3:KLWQH\� WHVW� DQG� )LVKHU
V�
H[DFW�WHVW��)RU�FODVVLILFDWLRQ�RI�WKH�GLIIHUHQW�W\SHV�RI�$(V��VHH�WKH�
6XSSOHPHQWDU\�0DWHULDO��

6LJQLILFDQFH�OHYHO�ZDV�VHW�DW����IRU�DOO�DQDO\VHV�DQG�DOO�WHVWV�ZHUH�
WZR�WDLOHG��0LVVLQJ�GDWD�ZHUH�KDQGOHG� LQFOXGLQJ�DOO� DYDLODEOH�GDWD��
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�
XVLQJ�PD[LPXP�OLNHOLKRRG�HVWLPDWLRQV�LQ�UHSHDWHG�PHDVXUHV�$129$�
DQG�PL[HG�PRGHOV��$OO�DQDO\VHV�ZHUH�SHUIRUPHG�ZLWK�6$6������6$6�
,QVWLWXWH��&DU\��1&��86$���
�
�
3RVW�KRF�DQDO\VHV�
�
)RUFHG�H[SLUDWRU\�YROXPH����)(9����D�PHDVXUH�RI�WKH�DPRXQW�RI�DLU�
WKDW�D�SHUVRQ�FDQ�H[KDOH�ZLWKLQ�WKH�ILUVW�VHFRQG�RI�IRUFHG�H[SLUD��WLRQ��
DQG�WKH�WKUHH�$/6)56�5�VXEVFRUHV��EXOEDU��PRWRU��UHVSLUDWRU\��ZHUH�
HYDOXDWHG� XVLQJ� WKH� VDPH� VWDWLVWLFDO� PHWKRGV� XVHG� IRU� )9&� DQG�
$/6)56�5��

6XEJURXS�DQDO\VHV�ZHUH�SHUIRUPHG�VWUDWLI\LQJ�SDUWLFLSDQWV�E\� VLWH�
RI�RQVHW��EXOEDU�RU�VSLQDO���SUH�HQUROPHQW�SURJUHVVLRQ�UDWH��IDVW�RU�
VORZ�� DQG� 1I/� OHYHO� DW� EDVHOLQH� �EHORZ� WKH� PHGLDQ� RU� DERYH� WKH�
PHGLDQ���7KH�RXWFRPHV�DQDO\VHG� LQFOXGHG�DOO�ELRPDUNHUV��)9&�DQG�
$/6)56�5��7KHVH�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�WKH�VDPH�PRGHOV�DV�
LQ�WKH�WRWDO�VDPSOH�ZLWK�WKH�DGGLWLRQ�RI�WKH�VWUDWLILFDWLRQ�YDULDEOH�PDLQ�
HIIHFW��LQ�WKLV�FDVH�RQVHW�DQG��VHSDUDWHO\��SURJUHVVLRQ�UDWH��DQG� LWV�
LQWHUDFWLRQV�ZLWK�DOO�RWKHU�HIIHFWV�LQFOXGHG�LQ�WKH�PRGHO��/HDVW�VTXDUHV�
PHDQV� ZHUH� HVWLPDWHG� VHSDUDWHO\� IRU� HDFK� FDWHJRU\� RI� WKH�
VWUDWLILFDWLRQ� YDULDEOH� �EXOEDU� DQG� VSLQDO� RQVHW�� IDVW� DQG� VORZ� SUR��
JUHVVLQJ�SDWLHQWV��DW�HDFK�WLPH�SRLQW�DQG�LQ�HDFK�WUHDWPHQW�JURXS��
'LIIHUHQFHV� EHWZHHQ� FDWHJRULHV� RI� WKH� VWUDWLILFDWLRQ� YDULDEOH� ZHUH�
WHVWHG�E\�WKH�VWUDWLILFDWLRQ�YDULDEOH�PDLQ�HIIHFW��WKH�WUHDWPHQW
�VWUDW��
LILFDWLRQ� YDULDEOH�� DQG� WKH� WLPH
�VWUDWLILFDWLRQ� YDULDEOH�� LQWHUDFWLRQ�
WHUPV��7KH�GLIIHUHQFH�LQ�WKH�WUHDWPHQW�HIIHFW�EHWZHHQ�FDWHJRULHV�RI�
WKH�VWUDWLILFDWLRQ�YDULDEOH�ZDV�WHVWHG�E\�WKH�WUHDWPHQW
WLPH
�VWUDWL��
ILFDWLRQ�YDULDEOH��WULSOH�LQWHUDFWLRQ��
�
�
'HWHUPLQDWLRQ�RI�VDPSOH�VL]H�
�
7KH� VDPSOH� VL]H� ZDV� GHWHUPLQHG� PDNLQJ� GLIIHUHQW� DVVXPSWLRQV�
IRU� HDFK� ELRPDUNHU� LQFOXGHG� DV� SULPDU\� RXWFRPH�� $� WRWDO� RI� ����
SDWLHQWV�ZDV� UHTXLUHG� WR� GHWHFW�ZLWK� ���� SRZHU� D� ���� GHFUHDVH�
LQ� WKH� UDWH� RI�SURJUHVVLRQ�RI�33,$�DW� D� WZR�VLGHG���� OHYHO� RI� VLJ��
QLILFDQFH�� DOORZLQJ� IRU� D� ���� GURS�RXW� UDWH� RYHU� WKH� HQWLUH� VWXG\�
SHULRG��7KH�QXPEHU�RI�SDWLHQWV�UHTXLUHG�IRU�RWKHU�ELRPDUNHUV� UDQJHG�
IURP���WR�����,Q�DGGLWLRQ��ZLWK�WKLV�VDPSOH�VL]H�WKH�VWXG\� ZDV� DOVR�
SRZHUHG� ����� DW� D� ��� WZR�VLGHG� OHYHO� RI� VLJQLILFDQFH��WR�GHWHFW�
D� ���� GHFUHDVH� LQ� WKH� UDWH� RI� SURJUHVVLRQ� LQ� $/6)56�5� RYHU� ���
ZHHNV��DQG�WR�VKRZ�DQ�DEVROXWH�����UHGXFWLRQ�LQ�WKH�SUR��SRUWLRQ�RI�
SDWLHQWV�EHFRPLQJ�QRQ�VHOI�VXIILFLHQW�DW����ZHHNV�DV��VXPLQJ�WKDW�WKLV�
SURSRUWLRQ� LQ� WKH� SODFHER� DUP� ZDV� ����� 6HH� WKH� 6XSSOHPHQWDU\�
0DWHULDO� IRU� D� GHWDLOHG� H[SODQDWLRQ� RI� VDPSOH� VL]H� FDOFXODWLRQ� DQG�
UHODWLYH�DVVXPSWLRQV��
�
�
(WKLFDO�LVVXHV�DQG�TXDOLW\�DVVXUDQFH�
�
7KH�VWXG\�DQG�DQ\�DPHQGPHQWV�ZHUH�DSSURYHG�E\�DQ�LQGHSHQGHQW�HWK��
LFV�FRPPLWWHH�RI�HDFK�SDUWLFLSDWLQJ�FHQWUH��7KLV�VWXG\�ZDV�SODQQHG�DQG�

_����
�
�
SHUIRUPHG�DFFRUGLQJ�WR�WKH�SULQFLSOHV�RI�JRRG�FOLQLFDO�SUDFWLFH��,&+��
*&3���WKH�'HFODUDWLRQ�RI�+HOVLQNL��DQG�WKH�QDWLRQDO�ODZV�DQG�UHJXODWLRQV�
DERXW�FOLQLFDO�VWXGLHV��(OLJLEOH�SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�RQO\�
DIWHU�ZULWWHQ�,5%�,(&�5(%�DSSURYHG�LQIRUPHG�FRQVHQW�RU��LI�LQFDSDEOH�
RI�GRLQJ�VR��DIWHU�DSSURYDO�E\�D�OHJDOO\�DFFHSWDEOH�UHSUHVHQWDWLYH��'DWD�
UHYLHZ�DQG�PDQDJHPHQW�ZHUH�SHUIRUPHG�E\�0DULR�1HJUL�,5&&6��

�

�
�
)�,�*�85�(� �� 6WXG\�IORZ�FKDUW��VFUHHQLQJ��UDQGRPL]DWLRQ�DQG�
IROORZ�XS�
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 0HDQ� 6'�  0HDQ� 6'� S�YDOXH�

$JH� ����� ����� ����� ����� �������

'LVHDVH�GXUDWLRQ��PRQWKV�� ����� ���� ����� ���� �������

'LDJQRVWLF�GHOD\��PRQWKV�� ���� ���� ���� ���� �������

%0,� ����� ���� ����� ���� �������

)9&����RI�SUHGLFWHG�QRUPDO�YDOXH�� ������ ����� ������ ����� �������

$/6)56�5�WRWDO�VFRUH� ����� ���� ����� ���� �������

$/6$4����       

3K\VLFDO�PRELOLW\� ����� ����� ����� ����� �������

$'/�DQG�LQGHSHQGHQFH� ����� ����� ����� ����� �������

(DWLQJ�DQG�GULQNLQJ� ����� ����� ����� ����� �������

&RPPXQLFDWLRQ� ����� ����� ����� ����� �������

(PRWLRQDO�UHDFWLRQV� ����� ����� ����� ����� �������
 Q� ��  Q� ��  

6H[�      �������

0DOH� ��� ����� ��� ����� 

)HPDOH� ��� ����� ��� ����� 

6LWH�RI�RQVHW�      �������

%XOEDU� ��� ����� �� ����� 

6SLQDO� ��� ����� ��� ����� 

3UH�HQUROPHQW�SURJUHVVLRQ� UDWH�      �������

)DVW� ��� ����� ��� ����� 

6ORZ� ��� ����� ��� ����� 

8QNQRZQ� ��   ��   

$EEUHYLDWLRQV��$'/��DFWLYLWLHV�RI�GDLO\�OLYLQJ��$/6$4�����$P\RWURSKLF�/DWHUDO�6FOHURVLV�$VVHVVPHQW�
4XHVWLRQQDLUH����� $/6)56�5�� $P\RWURSKLF� /DWHUDO� 6FOHURVLV� )XQFWLRQDO� 5DWLQJ� 6FDOH45HYLVHG��
%0,��ERG\�PDVV�LQGH[��)9&��IRUFHG�YLWDO�FDSDFLW\��,77��LQWHQWLRQ�WR�WUHDW��

�
7$�%�/�(� �� 'HPRJUDSKLF�DQG�FOLQLFDO�
FKDUDFWHULVWLFV�RI�WKH�WULDO�SRSXODWLRQ�DW�
EDVHOLQH��,77�SRSXODWLRQ��

�

7KH� � VWXG\� � ZDV� � UHJLVWHUHG� � DW� � &OLQLFDO7ULDOV�JRY� � QXPEHU�
1&7���������� (XGUD&7� QXPEHU� ����������������
�

�
5(68/76�
�
$�WRWDO�RI�����SDUWLFLSDQWV�ZHUH�HQUROOHG�DQG�UDQGRPO\�DVVLJQHG�WR�
516�������SDUWLFLSDQWV��RU�SODFHER�����SDUWLFLSDQWV���5HVXOWV�DUH�UH��
SRUWHG� IRU� WKH� ,77�SRSXODWLRQ� WKDW� LQFOXGHG� DOO� UDQGRPL]HG� SDUWLFL��
SDQWV��7KH�VWXG\�IORZ�FKDUW�LV�LOOXVWUDWHG�LQ�)LJXUH����
�
�
'HPRJUDSKLF�DQG�RWKHU�EDVHOLQH�FKDUDFWHULVWLFV�
�
%DVHOLQH�FKDUDFWHULVWLFV�RI�WKH�,77�SRSXODWLRQ�DUH�VKRZQ�LQ�7DEOH����7KH�
EDVHOLQH�FKDUDFWHULVWLFV�RI�WKH�WZR�WUHDWPHQW�JURXSV�ZHUH�IDLUO\�VLPLODU��
�
�
%LRPDUNHU� OHYHOV�
�
7KH�OHYHOV�RI�0&3����S� ����������1I/��S� ���������DQG�)2;3��P51$�
�S� ���������FKDQJHG�VLJQLILFDQWO\�RYHU�WKH�FRXUVH�RI�VWXG\�

SDUWLFLSDWLRQ�LQ�ERWK�WUHDWPHQW�DUPV��,Q�ERWK�DUPV��0&3���DQG�1I/�
OHYHOV�LQFUHDVHG�RYHU�WLPH��ZKLOVW�)2;3��P51$�GHFUHDVHG��ZLWK�� RXW�
VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ� WKH� WZR�DUPV��DV� LQGLFDWHG�E\� WKH�
WUHDWPHQW�PDLQ� HIIHFW� DQG� WUHDWPHQW
WLPH� LQWHUDFWLRQ� HIIHFW� WKDW�
ZHUH� QRW� VWDWLVWLFDOO\� VLJQLILFDQW�� 33,$�� DFWLQ�17�� ��17�� ,/���� DQG�
&'��� P51$� GLG� QRW� VLJQLILFDQWO\� FKDQJH� RYHU� WLPH�� DQG� QR� VLJ��
QLILFDQW� GLIIHUHQFHV� LQ� WKHLU� OHYHOV� EHWZHHQ� WUHDWPHQW� JURXSV�ZHUH�
REVHUYHG��7KH�PHDQ�HVWLPDWHV�DW�HDFK�YLVLW�WLPH�IRU�DOO�DQDO\VHG�ELR��
PDUNHUV�DQG� WKHLU�JUDSKLFDO� UHSUHVHQWDWLRQ�DUH� VKRZQ� LQ�7DEOH� 6���
)LJXUHV���DQG�6���
�
�
&OLQLFDO�RXWFRPHV�
�
)RUFHG�YLWDO�FDSDFLW\�DQG�)(9��
�
7KH� 516��� DQG� WKH� SODFHER� JURXSV� VKRZHG� VLPLODU� )9&� YDOXHV�
DW�EDVHOLQH��)9&�GHFUHDVHG�VLJQLILFDQWO\�RYHU� WLPH� LQ�ERWK�DUPV��S�
�����������7DEOH���DQG�)LJXUH��D���'XULQJ�WKH�RQ�WUHDWPHQW�SHULRG�
�EDVHOLQH�WR�ZHHN������WKH�HVWLPDWHG�PHDQ�UDWH�RI�FKDQJH�ZDV�ORZHU�
LQ�WKH�RNS60 arm (−0.46 per week) compared to the placebo arm 
(−0.87�SHU�ZHHN���S� ����������'XULQJ�WKH�RII�WUHDWPHQW�IROORZ�XS�

http://clinicaltrials.gov/


516���$/6� _����

�

�

�
)�,�*�85�(� �� � (IIHFW�SORWV�IRU�0&3����,/�����1I/��)2;3��P51$�DW�GLIIHUHQW�YLVLW�WLPHV��LQ�ZHHNV��LQ�HDFK�WUHDWPHQW�DUP��,77�SRSXODWLRQ��
�
period (week 24 to week 48), no differences were observed (−0.45 
per week for RNS60; −0.54 per week for placebo; S� ����������

,Q�D�SRVW�KRF�DQDO\VLV��)(9��ZDV�DOVR�HYDOXDWHG��$�VLJQLILFDQW�GLI��
IHUHQFH�LQ�WKH�UDWH�RI�GHFUHDVH�RI�)(9��EHWZHHQ�WKH�WZR�WUHDWPHQW�
groups was observed (−0.45 per week for RNS60; −0.52 per week 
IRU�SODFHER��S� ���������GXULQJ� WKH�RQ�WUHDWPHQW�SHULRG��ZLWK� WKH�
516���JURXS�VKRZLQJ�D�VORZHU�GHFOLQH��LQ�OLQH�ZLWK�WKH�ILQGLQJV�RQ�
)9&��7DEOH���DQG�)LJXUH��E���7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�
EHWZHHQ�JURXSV�GXULQJ�WKH�IROORZ�XS��RII�WUHDWPHQW�SHULRG��
�

�
$/6)56�5�
�
7KH�$/6)56�5�VFRUHV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ� JURXSV�
DW�EDVHOLQH��7KH�$/6)56�5�WRWDO�VFRUH�GHFOLQHG�VLJQLILFDQWO\�RYHU�WLPH�
LQ� ERWK� JURXSV� �S����������� �7DEOH� �� DQG� )LJXUH� �F��� 7KH� UDWH� RI�
FKDQJH� RYHU� WLPH� LQ� $/6)56�5� VFRUHV� GLG� QRW� GLIIHU� EHWZHHQ�
WUHDWPHQW�DUPV��
�

�
$/6$4����
�
7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WUHDWPHQW�JURXSV�DW�
WKH�EDVHOLQH�YLVLW�IRU�DQ\�RI�WKH�GRPDLQV�RI�WKH�$/6$4�����7DEOH�6����
7KH�PHDQ�VFRUHV�IRU�HDFK�GRPDLQ�LQFUHDVHG�VLJQLILFDQWO\�RYHU�WLPH�

�S������������FRUUHVSRQGLQJ�WR�D�GHFUHDVH�LQ�HDFK�DVSHFW�RI�TXDOLW\�RI�
OLIH��7KH�PHDQ�UDWH�RI�FKDQJH�LQ�WKH�HDWLQJ�DQG�GULQNLQJ�GRPDLQV�RI�
WKH�$/6$4����ZHUH�VLJQLILFDQWO\�VORZHU�LQ�WKH�516���DUP��GLIIHU��HQFH�
−0.19� SHU� ZHHN�� 6(� ����� S�  � �������� �)LJXUH� �G��� 1R� VLJQLILFDQW�
GLIIHUHQFHV�EHWZHHQ� WUHDWPHQW�JURXSV�ZHUH�GHWHFWHG� IRU� WKH�RWKHU�
IRXU�GRPDLQV�RI�WKH�$/6$4����VFDOH��
�
�
6HOI�VXIILFLHQF\�DQG�VXUYLYDO�
�
1R� VLJQLILFDQW� GLIIHUHQFHV� LQ� SHUFHQWDJH� RI� SDUWLFLSDQWV� ZKR� UH��
PDLQHG�VHOI�VXIILFLHQW�ZHUH�VHHQ� LQ� WKH� WUHDWPHQW�DUPV� WKURXJKRXW�
WKH� VWXG\� SHULRG�� 7KH� FXPXODWLYH� SUREDELOLW\� RI� UHPDLQLQJ� VHOI��
VXIILFLHQW�LQ�WKH�516���DUP�ZDV�����DW���ZHHNV������DW����ZHHNV��
����DW����ZHHNV�DQG����DW����ZHHNV��7KH�FRUUHVSRQGLQJ�SUREDELO��
LWLHV�LQ�WKH�SODFHER�JURXS�ZHUH��������������������)LJXUH�6�$���
6XUYLYDO�ZDV�QR�GLIIHUHQW�EHWZHHQ� WUHDWPHQW�DUPV��7KH�FXPXODWLYH�
VXUYLYDO�SUREDELOLW\�ZDV�����LQ�ERWK�DUPV�DW����ZHHNV������LQ�WKH�
516���DUP�DQG�����LQ�WKH�SODFHER�DUP�DW����ZHHNV��)LJXUH�6�%���
�
�
&RPSOHWHUV�DQG�FRPSOLHUV�DQG�33�SRSXODWLRQ�
�
'DWD� IRU�FRPSOHWHUV�DQG�FRPSOLHUV� �Q� ������Q� ���� LQ� WKH�516���
JURXS��Q� ���� LQ� WKH�SODFHER�JURXS��DQG�33�SRSXODWLRQV� �Q� �����
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�
7$�%�/�(� �� *OREDO�WHVWV�RI�IL[HG�HIIHFWV��PHDQV�DQG�FRQWUDVWV�IRU�)9&��)(9���$/6)56�5�DW�GLIIHUHQW�YLVLW�WLPHV�LQ�HDFK�WUHDWPHQW�DUP��,77�
SRSXODWLRQ��

�

)9&�  

7HVWV�RI�IL[HG�HIIHFWV�    

(IIHFW� :HHN� 7UHDWPHQW� :HHN
WUHDWPHQW�

S�YDOXH� �������� ������� �������

(IIHFW� )ROORZ�XS� )ROORZ�XS
WUHDWPHQW�  

S�YDOXH� ������� �������  

(VWLPDWHG�PHDQV�DQG�FRQWUDVWV�

9LVLW�WLPH��ZHHN�� 516��� 3ODFHER� 'LIIHUHQFH��516���–�SODFHER��
�

�
7UHDWPHQW�SHULRG�

0HDQ� 6(� S� 0HDQ� 6(� S� 0HDQ� 6(� S�

�� ������ ���� �������� ������ ���� �������� ������ ���� �������

�� ������ ���� �������� ����� ���� �������� ���� ���� �������

��� ����� ���� �������� ����� ���� �������� ���� ���� �������

��� ����� ���� �������� ����� ���� �������� ���� ���� �������

6ORSH��WUHDWPHQW�
SHULRG��

)ROORZ�XS�SHULRG�
�RII�WUHDWPHQW��

−����� ����� �������� −����� ���� �������� ����� ����� �������

��� ����� ���� �������� ����� ���� �������� ����� ���� �������

��� ����� ���� �������� ����� ���� �������� ����� ���� �������

6ORSH��IROORZ�XS�
SHULRG��

−����� ����� �������� −����� ����� �������� ����� ����� �������

)(9��    

7HVWV�RI�IL[HG�HIIHFWV�    

(IIHFW� :HHN� 7UHDWPHQW� :HHN
WUHDWPHQW�
S�YDOXH� �������� ������� �������

(IIHFW� )ROORZ�XS� )ROORZ�XS
WUHDWPHQW�  

S�YDOXH� ������� �������  

(VWLPDWHG�PHDQV�DQG�FRQWUDVWV�

9LVLW�WLPH��ZHHN�� 516��� 3ODFHER� 'LIIHUHQFH��516���–�SODFHER��
�

�
7UHDWPHQW�SHULRG�

0HDQ� 6(� S� 0HDQ� 6(� S� 0HDQ� 6(� S�

�� ����� ���� �������� ����� ���� �������� −���� ���� �������

�� ����� ���� �������� ����� ���� �������� ���� ���� �������

��� ����� ���� �������� ����� ���� �������� ���� ���� �������

��� ����� ���� �������� ����� ���� �������� ���� ���� �������

6ORSH��WUHDWPHQW�
SHULRG��

)ROORZ�XS�SHULRG�
�RII�WUHDWPHQW��

−����� ���� ������� −����� ���� �������� ����� ���� �������

��� ����� ���� �������� ����� ���� �������� ����� ���� �������

��� ����� ���� �������� ����� ���� �������� ����� ���� �������

6ORSH��IROORZ�XS�
SHULRG��

−����� ���� �������� −����� ���� �������� ����� ���� �������
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$/6)56�5�    

7HVWV�RI�IL[HG�HIIHFWV�    

(IIHFW� :HHN� 7UHDWPHQW� :HHN
WUHDWPHQW�

S�YDOXH� �������� ������� �������

(IIHFW� )ROORZ�XS� 7UHDWPHQW
IROORZ�XS�  

S�YDOXH� ������� �������  

(VWLPDWHG�PHDQV�DQG�FRQWUDVWV�
:HHN� 516��� 3ODFHER� 'LIIHUHQFH��516���–�SODFHER��

�

�
7UHDWPHQW�SHULRG�

0HDQ� 6(� S� 0HDQ� 6(� S� 0HDQ� 6(� S�

�� ����� ���� �������� ����� ���� �������� ���� ���� �������

�� ����� ���� �������� ����� ���� �������� ���� ���� �������

��� ����� ���� �������� ����� ���� �������� ���� ���� �������

��� ����� ���� �������� ����� ���� �������� ���� ���� �������
6ORSH��WUHDWPHQW�SHULRG�� −����� ����� �������� 3����� ����� �������� ����� ����� �������

)ROORZ�XS�SHULRG�
�RII�WUHDWPHQW��

         

��� ����� ���� �������� ����� ���� �������� ���� ���� �������

��� ����� ���� �������� ����� ���� �������� ���� ���� �������

6ORSH��IROORZ�XS�SHULRG�� −����� ����� �������� 3����� ����� �������� 3����� ����� �������

$/6$4�����(DWLQJ�DQG�GULQNLQJ��
�

7HVWV�RI�IL[HG�HIIHFWV�  

(IIHFW� :HHN� 7UHDWPHQW� :HHN
WUHDWPHQW�
S�YDOXH� �������� ������� �������

(VWLPDWHG�PHDQV�DQG�FRQWUDVWV�

:HHN� 516��� 3ODFHER� 'LIIHUHQFH��516���–�SODFHER��
�

 0HDQ� 6(� S� 0HDQ� 6(� S� 0HDQ� 6(� S�

�� ����� ���� �������� ����� ���� �������� ���� ���� �������

����HQG�RI�WUHDWPHQW�� ����� ���� �������� ����� ���� �������� −���� ���� �������

����IROORZ�XS�� ����� ���� �������� ����� ���� �������� −���� ���� �������

6ORSH� ����� ���� ������� ����� ���� �������� −����� ���� �������

$EEUHYLDWLRQV�� $/6$4����� $P\RWURSKLF� /DWHUDO� 6FOHURVLV� $VVHVVPHQW�4XHVWLRQQDLUH����� $/6)56�5�� $P\RWURSKLF� /DWHUDO� 6FOHURVLV� )XQFWLRQDO� 5DWLQJ�
6FDOH45HYLVHG��%0,��ERG\�PDVV�LQGH[��)(9��IRUFHG�H[SLUDWRU\�YROXPH��)9&��IRUFHG�YLWDO�FDSDFLW\��,77��LQWHQWLRQ�WR�WUHDW��

�
Q� ����LQ�WKH�516���JURXS��Q� ����LQ�WKH�SODFHER�JURXS��DUH�VKRZQ�
LQ�WKH�6XSSOHPHQWDU\�0DWHULDO��

Results of the biomarkers9 analyses are shown in Tables 6��DQG�
6��� )RU� 0&3���� )2;3�� P51$� DQG� 1I/� D� VLJQLILFDQW� FKDQJH� RYHU�
WKH� FRXUVH� RI� WKH� WUHDWPHQW� DQG� IROORZ�XS� SHULRGV� ZDV� FRQILUPHG�
LQ�FRPSOHWHUV�DQG�FRPSOLHUV��)RU�0&3���DQG�)2;3��P51$�WKLV� HIIHFW�
ZDV� FRQILUPHG� DOVR� LQ� WKH� 33� SRSXODWLRQ�� $� VLJQLILFDQW� WUHDW��PHQW�
PDLQ�HIIHFW��HQWLUHO\�H[SODLQHG�E\�GLIIHUHQFHV�DW�WKH�EDVHOLQH�YLVLW��ZDV�
IRXQG�IRU�,/����RQO\�LQ�WKH�FRPSOHWHUV�DQG�FRPSOLHUV�SRS��XODWLRQ��$�
VLJQLILFDQW�GLIIHUHQFH� LQ�WKH�HYROXWLRQ�RYHU�WLPH�EHWZHHQ�WUHDWPHQW�
JURXSV� ZDV� IRXQG� IRU� 33,$� RQO\� LQ� WKH� 33� SRSXODWLRQ��$� FKDQJH�
RYHU� WLPH� RI� ERUGHUOLQH� VLJQLILFDQFH� ZDV� IRXQG� RQO\� LQ� WKH�33�
SRSXODWLRQ�IRU�DFWLQ�17��1R�RWKHU�VLJQLILFDQW�HIIHFWV�ZHUH�IRXQG�IRU�
DQ\� ELRPDUNHU� LQ� WKH� FRPSOHWHUV� DQG� FRPSOLHUV� QRU� LQ� WKH� 33�
SRSXODWLRQ��

7KH� UHVXOWV� RI� WKH� DQDO\VLV� RI� FOLQLFDO� RXWFRPHV� DUH� VKRZQ� LQ�
7DEOHV�6��DQG�6���7KH�HYROXWLRQ�RYHU� WLPH�ZDV�FRQVLVWHQWO\�VLJQLI��
LFDQW�LQ�DOO�FOLQLFDO�FRQWLQXRXV�RXWFRPHV��GHFUHDVH�RI�)9&��GHFUHDVH�
RI�$/6)56�5��LQFUHDVH�RI�DOO�ILYH�GRPDLQV�RI�WKH�$/6$4������ERWK�LQ�
WKH�FRPSOHWHUV�DQG�FRPSOLHUV�DQG�LQ�WKH�33�SRSXODWLRQ��

7KH�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WUHDWPHQW�JURXSV�LQ�WKH�HYROX��
WLRQ�RYHU�WLPH�IRXQG�LQ�WKH�,77�SRSXODWLRQ�IRU�)9&�ZDV�QRW�FRQILUPHG�
LQ�FRPSOHWHUV�DQG�FRPSOLHUV��QRU�LQ�WKH�33�SRSXODWLRQ��7KH�GLIIHUHQFH�
EHWZHHQ�WUHDWPHQW�JURXSV�LQ�WKH�HYROXWLRQ�RYHU�WLPH�IRU�WKH�HDWLQJ�DQG�
GULQNLQJ�GRPDLQ�RI�WKH�$/6$4����ZDV�FRQVLVWHQWO\�VLJQLILFDQW�LQ�FRP��
SOHWHUV�DQG�FRPSOLHUV�DQG�WKH�33�SRSXODWLRQ��$�GLIIHUHQFH�LQ�WKH�HYR��
OXWLRQ�RYHU�WLPH�IRU�WKH�HPRWLRQDO�UHDFWLRQV�GRPDLQ�RI�WKH�$/6$4����
ZDV�IRXQG�RQO\�LQ�WKH�33�SRSXODWLRQ��ZLWK�WKH�516���JURXS�VKRZLQJ�D�
VORZHU�LQFUHDVH��1R�RWKHU�VLJQLILFDQW�HIIHFWV�ZHUH�IRXQG�IRU�WKH�FOLQLFDO�
RXWFRPHV�LQ�WKH�FRPSOHWHUV�DQG�FRPSOLHUV�QRU�LQ�WKH�33�SRSXODWLRQ��
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)�,�*�85�(� �� (IIHFW�SORWV�IRU�)9&��)(9���$/6)56�5��$/6$4����HDWLQJ�DQG�GULQNLQJ��DW�GLIIHUHQW�YLVLW�WLPHV��LQ�ZHHNV��LQ�HDFK�WUHDWPHQW�DUP�
�,77�SRSXODWLRQ��

�
$GYHUVH�HYHQWV�
�
7KH�WRWDO�QXPEHU�RI�$(V�DQG�WKH�SURSRUWLRQ�RI�SDUWLFLSDQWV�H[SHUL��
HQFLQJ�DW�OHDVW�RQH�$(�ZHUH�VLPLODU�LQ�WKH�WZR�JURXSV��H[FHSW�IRU�D�
KLJKHU�QXPEHU�DQG��UHVSHFWLYHO\��SURSRUWLRQ�RI�PRGHUDWH�$(V�DQG�$(V�
OHDGLQJ�WR�VWXG\�GLVFRQWLQXDWLRQ�LQ�WKH�SODFHER�JURXS��7DEOH�����7KH�
OLVW�RI�DOO�$(V�LQ�HDFK�WUHDWPHQW�JURXS�LV�VKRZQ�LQ�7DEOH�6���
�
�
3RVW�KRF�VXEJURXS�DQDO\VHV�
�
%XOEDU�DQG�VSLQDO�RQVHW�VXEJURXS�DQDO\VHV�

$�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�HYROXWLRQ�RYHU�WLPH�RI�1I/�ZDV�IRXQG�
EHWZHHQ�EXOEDU�DQG�VSLQDO�RQVHW�LQ�GLIIHUHQW�WUHDWPHQW�DUPV��VLJQLIL��
FDQW�WULSOH�LQWHUDFWLRQ���)LJXUH��D��7DEOH�6����:KHQ�FRQVLGHULQJ�SDUWLFL��
SDQWV�ZLWK�VSLQDO�RQVHW��WKH�EDVHOLQH�OHYHOV�DQG�WKH�FKDQJH�RYHU�WLPH�
ZHUH�VLPLODU�EHWZHHQ�WKH�WZR�WUHDWPHQW�DUPV��:KHQ�FRQVLGHULQJ�SDU��
WLFLSDQWV�ZLWK�D�EXOEDU�RQVHW��WKRVH�LQ�WKH�516���DUP�VKRZHG�KLJKHU�
YDOXHV�WKDQ�WKRVH�LQ�WKH�SODFHER�DUP�DW�EDVHOLQH��1I/�OHYHOV�ZHUH�VWD��
EOH�RYHU�WKH����ZHHNV�RI�WUHDWPHQW�LQ�WKH�516���DUP��ZKLOVW�LQ�WKH�
SODFHER�DUP�WKH�OHYHOV� LQFUHDVHG��+RZHYHU��WKH�GLIIHUHQFH�EHWZHHQ�
WUHDWPHQW� DUPV� LQ� WKH� EXOEDU� RQVHW� VXEJURXS�ZDV� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW�GXH�WR�VPDOO�VDPSOH�VL]H��$�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
WKH�EXOEDU�DQG�VSLQDO�RQVHW�VXEJURXSV�ZDV�DOVR�IRXQG�IRU�)9&��EXOEDU�

RQVHW�SDUWLFLSDQWV�KDG�ORZHU�)9&�YDOXHV�DQG�D�PRUH�UDSLG�GHFUHDVH�
RYHU�WLPH�FRPSDUHG�WR�VSLQDO�RQVHW�SDUWLFLSDQWV��$�VORZHU�GHFUHDVH�RI�
)9&�LQ�WKH�516���DUP�FRPSDUHG�ZLWK�WKH�SODFHER�DUP�ZDV�DOVR�RE��
VHUYHG�LQ�ERWK�VXEJURXSV��SDUWLFXODUO\�LQ�EXOEDU�RQVHW��KRZHYHU��WKLV�
GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��)LJXUH��E��7DEOH�6����

�
)DVW�DQG�VORZ�SURJUHVVLQJ�VXEJURXSV�

$�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�HYROXWLRQ�RYHU�WLPH�RI�1I/�ZDV�IRXQG�
EHWZHHQ�IDVW�DQG�VORZ�SURJUHVVLQJ�SDUWLFLSDQWV�LQFOXGHG�LQ�GLIIHU�� HQW�
WUHDWPHQW� DUPV� �VLJQLILFDQW� WULSOH� LQWHUDFWLRQ��� :KHQ� FRQVLGHULQJ�
SDUWLFLSDQWV�ZLWK�D�VORZ�SURJUHVVLRQ�UDWH��WKH�EDVHOLQH�YDOXHV�DQG�WKH�
FKDQJH�RYHU�WLPH��LQFUHDVH��ZDV�VLPLODU�EHWZHHQ�WKH�WZR�WUHDWPHQW�
DUPV�� :KHQ� FRQVLGHULQJ� SDUWLFLSDQWV� ZLWK� D� IDVW� SURJUHVVLRQ� UDWH��
WKRVH�LQ�WKH�516���DUP�VKRZHG�YDOXHV�WKDW�ZHUH�KLJKHU�WKDQ�WKRVH�
LQ�WKH�SODFHER�DUP��DQG�WKH�FKDQJH�RYHU�WLPH�ZDV�GLIIHUHQW�EHWZHHQ�
WKH�WZR�WUHDWPHQW�JURXSV��SDUWLFLSDQWV�LQ�WKH�516���DUP�VKRZHG�DQ�
LQFUHDVH�LQ�WKH�ILUVW���ZHHNV�WKDW�ZDV�IROORZHG�E\�D�GHFUHDVH�EHWZHHQ�
ZHHN���DQG�ZHHN�����LQ�WKH�SODFHER�DUP�D�SURJUHVVLYH�LQFUHDVH�EH��
WZHHQ�EDVHOLQH�DQG�ZHHN����ZDV�REVHUYHG��)LJXUH��F��7DEOH�6����

$�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ� IDVW�DQG�VORZ�SURJUHVVLQJ�SDU��
WLFLSDQWV�ZDV� IRXQG� LQ� WKH� UDWH� RI� GHFUHDVH� RI� )9&��ZLWK� IDVW� SUR��
JUHVVLQJ� SDUWLFLSDQWV� VKRZLQJ� D�PRUH� UDSLG� GHFUHDVH� FRPSDUHG� WR�
VORZ�SDUWLFLSDQWV��EXW�ZLWKRXW�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WUHDW��
PHQW�JURXSV��)LJXUH��G��7DEOH�6����
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7$�%�/�(� �� $GYHUVH�HYHQWV�RFFXUULQJ�GXULQJ�WKH�RQ�WUHDWPHQW�SHULRG��XS�WR�ZHHN�����DQG�WKH�HQWLUH�VWXG\�SHULRG��IURP�EDVHOLQH�WR�ZHHN�
�����,77�SRSXODWLRQ��

�

7RWDO�QXPEHU�RI�$(V� 3DWLHQWV�ZLWK�DW�OHDVW�RQH�$(�
�

516��� 3ODFHER� 516��� 3ODFHER�
�

 6XP� 0HDQ� 6'�  6XP� 0HDQ� 6'� S�YDOXH� Q� ��  Q� �� S�YDOXH�

$(V�RFFXUULQJ�GXULQJ�WKH�RQ�WUHDWPHQW�SHULRG��XS�WR�ZHHN�����

$OO�$(V� ���� ���� ���� ���� ���� ���� ������� ��� ����� ��� ����� �������

0LOG�$(V� ���� ���� ���� ���� ���� ���� ������� ��� ����� ��� ����� �������

0RGHUDWH�$(V� �� ���� ���� ��� ���� ���� ������� �� ���� ��� ����� �������

6HYHUH�$(V� �� ����� ���� �� ���� ���� ������� �� ���� �� ���� �������

6$(V� �� ���� ���� �� ���� ���� ������� �� ���� �� ���� �������
$(V�OHDGLQJ�WR� �� ���� ���� �� ����� ���� ������� �� ���� �� ���� �������

VWXG\�WUHDWPHQW�
GLVFRQWLQXDWLRQ�

              

'UXJ�UHODWHG�$(V� �� ���� ���� �� ����� ���� ������� �� ���� �� ���� �������

$(V�RFFXUULQJ�WKURXJK�ZHHN����

$OO�$(V� ���� ���� ���� ���� ���� ���� ������� ��� ����� ��� ����� �������

0LOG�$(V� ���� ���� ���� ���� ���� ���� ������� ��� ����� ��� ����� �������

0RGHUDWH�$(V� �� ���� ���� ��� ���� ���� ������� �� ���� ��� ����� �������

6HYHUH�$(V� �� ���� ���� �� ���� ���� ������� �� ���� �� ���� �������

6$(V� �� ���� ���� �� ���� ���� ������� �� ���� �� ���� �������

$(V�OHDGLQJ�WR�
VWXG\�WUHDWPHQW�
GLVFRQWLQXDWLRQ�

�� �� �� �� ���� ���� ������� �� ���� �� ���� �������

'UXJ�UHODWHG�$(V� ��� ���� ���� �� ����� ���� ������� �� ���� �� ���� �������

$EEUHYLDWLRQV��$(��DGYHUVH�HYHQW��,77��LQWHQWLRQ�WR�WUHDW��6$(��VHULRXV�DGYHUVH�HYHQW��

�
$� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� IDVW� DQG� VORZ� SDUWLFLSDQWV�

ZDV�REVHUYHG�LQ�WKH�SURJUHVVLRQ�UDWH�RI�WKH�$/6)56�5�VFRUH��ZLWK�IDVW�
SURJUHVVLQJ�SDWLHQWV�VKRZLQJ�ORZHU�YDOXHV��+RZHYHU��QR�VLJ��QLILFDQW�
GLIIHUHQFHV� EHWZHHQ� WUHDWPHQW� JURXSV� ZHUH� IRXQG� �GDWD� QRW�
VKRZQ���

�
1HXURILODPHQW�OLJKW�FKDLQ�OHYHOV�DW�EDVHOLQH�

$�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�UDWH�RI�FKDQJH�RI�)9&��$/6)56�5�DQG�
DOO�$/6$4����GRPDLQV��ZLWK�WKH�H[FHSWLRQ�RI�WKH�HPRWLRQDO�UHDF�� WLRQ�
GRPDLQ��ZDV�IRXQG�EHWZHHQ�SDWLHQWV�ZLWK�KLJK��DERYH�WKH�PH��GLDQ��
RU�ORZ��EHORZ�WKH�PHGLDQ��EDVHOLQH�1I/�OHYHOV��3DUWLFLSDQWV�ZLWK�KLJK�
EDVHOLQH�1I/� OHYHOV�VKRZHG�D�IDVWHU�GHFOLQH�FRPSDUHG�WR�SD��WLHQWV�
ZLWK� ORZ� EDVHOLQH� OHYHOV�� +RZHYHU�� QR� VLJQLILFDQW� GLIIHUHQFHV� LQ�
516���WUHDWPHQW�HIIHFWV�ZHUH�GHWHFWHG�EHWZHHQ�WKH�WZR�VXE��JURXSV�
�GDWD�QRW�VKRZQ���
�
�
',6&866,21��
�
,Q� WKLV� SKDVH� ,,� UDQGRPL]HG�� GRXEOH�EOLQG�� SODFHER�FRQWUROOHG� WULDO��
DGPLQLVWUDWLRQ�RI�516���VKRZHG�QR�HIIHFWV�RQ�D�QXPEHU�RI�ELRORJL��
FDO�PDUNHUV�RI�LQIODPPDWLRQ�DQG�QHXURGHJHQHUDWLRQ��

7KH� ELRPDUNHUV� WKDW� ZHUH� LQYHVWLJDWHG� LQ� WKLV� WULDO� ZHUH� FKR��
VHQ� EDVHG� RQ� SUHYLRXV� SUHFOLQLFDO� GDWD� DQG�RU� UHOHYDQFH� WR� $/6�

SDWKRSK\VLRORJ\�� ,/���� ZDV� FKRVHQ� EHFDXVH� LQFUHDVHG� VHUXP� DQG�
FHUHEURVSLQDO� IOXLG� OHYHOV� RI� ,/���� KDYH� EHHQ� REVHUYHG� LQ� $/6� SD��
WLHQWV� >��@� DQG�� LQ� D� PRXVH� PRGHO� RI� PXOWLSOH� VFOHURVLV�� 516���
WUHDWPHQW�ZDV�DVVRFLDWHG�ZLWK�UHGXFHG�H[SUHVVLRQ�RI�,/����>��@�� <HW��
PHDVXUHPHQW�RI� ,/���� LV� OLPLWHG�E\� WKH� IDFW� WKDW� WKHUH� LV�QR� SULRU�
LQIRUPDWLRQ�DERXW� WKH� ORQJLWXGLQDO� SDWWHUQ�RI� ,/���� LQ�$/6�SDWLHQWV�
DQG�E\�WKH�YHU\�ORZ�OHYHOV�RI�,/����LQ�WKH�EORRG�����SJ�PO���)2;3��
P51$� ZDV� PHDVXUHG� EHFDXVH�� LQ� D� PRXVH� PRGHO� RI� PXOWL�� SOH�
VFOHURVLV�DQG�LQ�62'�*��$�PLFH��516���XSUHJXODWHG�)2;3��P51$�
>�����@��)2;3��P51$�LV�ORZ�LQ�UDSLGO\�SURJUHVVLQJ�$/6�SD��WLHQWV�DQG�
LWV� OHYHOV� LQYHUVHO\�FRUUHODWH�ZLWK�SURJUHVVLRQ�UDWHV�>��@�� ��17�ZDV�
HYDOXDWHG�EHFDXVH��LQ�D�SUHYLRXV�VWXG\�FRQGXFWHG�LQ�RXU�ODERUDWRU\��
516���UHGXFHG���17�OHYHOV�LQ�WKH�VSLQDO�FRUG�RI�WKH�62'�*��$�PRXVH�
PRGHO�� VXJJHVWLQJ� D� SRVVLEOH� UROH� RI� 516��� LQ� VXSSUHVVLQJ� QLWULF�
R[LGH� �12�� SURGXFWLRQ� >�@�� ,QFUHDVHG� OHYHOV� RI���17�DQG�DFWLQ�17�
ZHUH�IRXQG�LQ�SHULSKHUDO�EORRG�PRQRQXFOHDU� FHOOV� �3%0&V�� RI� $/6�
SDWLHQWV� >��3��@�� LPSOLFDWLQJ� LQIODPPDWLRQ�DQG�R[LGDWLYH�QLWUDWLYH�
VWUHVV�LQ�GLVHDVH�SDWKRJHQHVLV��'HFUHDVHG�OHYHOV�RI�33,$�LQ�WKH�3%0&V�
RI� $/6� SDWLHQWV� KDYH� EHHQ� DVVRFLDWHG� ZLWK� DQ� HDUO\� RQVHW� RI� WKH�
GLVHDVH�>��@�DQG�ZLWK�D�VKRUW�GLVHDVH�GXUDWLRQ� >��@� LQGLFDWLQJ� WKDW�
UHGXFHG�FKDSHURQH�IROGDVH�DFWLYLW\� PD\�EH�DW�WKH�EDVLV�RI�D�PRUH�
VHYHUH�SKHQRW\SH��,QFUHDVHG�OHYHOV� RI�0&3���KDYH�EHHQ�IRXQG�LQ�WKH�
FHQWUDO�DQG�SHULSKHUDO�QHUYRXV�V\VWHP� RI� WKH� 62'�*��$� PRXVH�
PRGHO� >��@� DQG� LQ� VHUXP� DQG�
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)�,�*�85�(� �� � (IIHFW�SORWV�IRU�1I/�DQG�)9&�DW�GLIIHUHQW�YLVLW�WLPHV�LQ�HDFK�WUHDWPHQW�DUP�E\�VLWH�RI�RQVHW��,77�SRSXODWLRQ��

�
FHUHEURVSLQDO� IOXLG� RI� $/6� SDWLHQWV� >��3��@�� LQGLFDWLQJ� FHQWUDO� DQG�
SHULSKHUDO� LPPXQH� DFWLYDWLRQ�� 1I/� OHYHOV� ZHUH� PHDVXUHG� DV� WKHUH�
LV� JURZLQJ� HYLGHQFH� VXSSRUWLQJ� WKHLU� SURJQRVWLF� DQG� SKDUPDFR��
G\QDPLF�SRWHQWLDO� >��@�� ,Q�RXU� VWXG\��1I/� YDOXHV�ZHUH� VLJQLILFDQWO\�
KLJKHU� LQ� SDUWLFLSDQWV�ZLWK� EXOEDU� RQVHW�� LQ� DJUHHPHQW�ZLWK� UHFHQW�
VWXGLHV�VKRZLQJ�DQ�DVVRFLDWLRQ�EHWZHHQ�KLJKHU�1I/�VHUXP�OHYHOV� DQG�
EXOEDU�RQVHW�LQ�$/6�>��@��

$OWKRXJK�516���GLG�QRW�DIIHFW�1I/�OHYHOV�LQ�WKH�ZKROH�SRSX��ODWLRQ�
RI� WKH�VWXG\��D�VWDWLVWLFDOO\�GLIIHUHQW�WUDMHFWRU\�RI�1I/�ZDV�IRXQG�E\�
WKH�SRVW�KRF�DQDO\VLV�LQ�SDWLHQWV�ZLWK�EXOEDU�RQVHW��LQ�ZKLFK�516���
VHHPV�WR�KDYH�D�VWDELOL]LQJ�HIIHFW��

:KLOVW� 516��� DGPLQLVWUDWLRQ� GLG� QRW� DIIHFW� WKH� OHYHOV� RI� FDQ��
GLGDWH� ELRPDUNHUV� RI� QHXURLQIODPPDWLRQ� DQG� QHXURGHJHQHUDWLRQ��
HQFRXUDJLQJ� UHVXOWV� ZHUH� REWDLQHG� RQ� VHOHFWHG� FOLQLFDO� RXWFRPHV��
6SHFLILFDOO\��516���DGPLQLVWUDWLRQ�ZDV�DVVRFLDWHG�ZLWK�VORZHU�UDWHV�
RI� GHFOLQH� LQ� UHVSLUDWRU\� IXQFWLRQ� DQG� LQ� WKH� EXOEDU� GRPDLQV�RI�
$/6$4����FRPSDUHG�WR�SODFHER�RYHU�D����ZHHN�WUHDWPHQW�SH��ULRG��
7KHVH� HIIHFWV�ZHUH� QRW� DFFRPSDQLHG� E\� SRVLWLYH� HIIHFWV� RQ� JOREDO�
IXQFWLRQ� RU� VXUYLYDO�� DOWKRXJK� ORQJHU� WUHDWPHQW� SHULRGV� PD\� EH�
QHHGHG�WR�GHWHFW�VXFK�FKDQJHV��'XULQJ�WKH�RII�WUHDWPHQW�IRO�� ORZ�XS�
SHULRG� �ZHHNV� ��3����� WKH� GLIIHUHQFH� LQ� WKH� WZR� WUHDWPHQW� DUPV�
SHUVLVWHG��VXJJHVWLQJ�D�SURWHFWLYH�HIIHFW�RI�HDUO\�WUHDWPHQW� ZLWK�WKH�
GUXJ�UDWKHU�WKDQ�D�WUDQVLHQW�V\PSWRPDWLF�HIIHFW��7KHVH�ILQGLQJV� ZHUH�
VLPLODU� LQ� SRVW� KRF� DQDO\VHV� VKRZLQJ� GLIIHUHQFHV� LQ�)9&�GHFOLQH�
ZKHQ�FRPSDULQJ�EXOEDU�DQG�VSLQDO�$/6�RQVHW��DO��WKRXJK�GLIIHUHQFHV�
GLG� QRW� DWWDLQ� VWDWLVWLFDO� VLJQLILFDQFH� SUREDEO\� GXH� WR� WKH� VPDOO�
VDPSOH� VL]H� RI� WKH� VXEJURXSV�� 516��� WUHDWPHQW�

VORZHG�WKH�GHFOLQH�RI�)9&�LQ�SDWLHQWV�ZLWK�EXOEDU�RQVHW�DQG�VWD��ELOL]HG�
OHYHOV� RI� 1I/�� ,QGLUHFW� HYLGHQFH� RI� D� SRVVLEOH� EHQHILFLDO�HIIHFW�RI�
WKH�DFWLYH�WUHDWPHQW�FRPHV�IURP�WKH�GLIIHUHQFH�LQ�WKH� GURS�RXW�UDWH�
EHWZHHQ� DFWLYH� WUHDWPHQW� DQG� SODFHER� ������� YV�� �������
UHVSHFWLYHO\��RYHU����ZHHNV��7KH�ORZHU�GURS�RXW�UDWH� LQ�WKH�516���
DUP� FRXOG� EH� H[SODLQHG� E\� SRVVLEOH� VXEMHFWLYH� SHUFHSWLRQ�RI�D�
SRVLWLYH�HIIHFW�RI�WKH�WUHDWPHQW��,W�LV�ZRUWK�QRWLQJ�WKDW�WKHUH�ZDV�D�
VWHHS�ULVH�RI�GURS�RXWV� LQ�ERWK�WUHDWPHQW�DUPV�WRZDUGV�WKH�HQG�RI�
IROORZ�XS��7KLV�PLJKW�UHIOHFW�WKH�DEVHQFH�RI�WUHDWPHQW�DQG�SHUKDSV�
GLVHDVH� SURJUHVVLRQ� LQ� WKH� DEVHQFH� RI� WUHDWPHQW� GXULQJ�WKH�VHFRQG�
VHPHVWHU�RI� WKH�VWXG\��2XU�VWXG\�DOVR�FRQILUPHG� WKH�EHQLJQ�VDIHW\�
SURILOH�RI�516���H[SDQGLQJ�RQ�SUHYLRXV�RSHQ�ODEHO�REVHUYDWLRQV�>��@��

7KH� SRVLWLYH� HIIHFWV� RI� 516��� RQ� UHVSLUDWRU\� IXQFWLRQ� DUH� VXS��
SRUWHG� E\� DQ� H[SORUDWRU\� VWXG\� RQ� WKH� IXQFWLRQDO� FRQVHTXHQFHV� RI�
WLVVXH� R[\JHQDWLRQ� ZLWK� 2�� QDQREXEEOHV� LQ� PXULQH� SKUHQLF� QHUYH�
GLDSKUDJP�H[�YLYR�SUHSDUDWLRQV�>��@��$OWHUQDWLYHO\�� WKHUH�PD\�EH�D�
V\PSWRPDWLF�HIIHFW�RI� WKH�QHEXOL]HG� WUHDWPHQW��ZKLFK�PD\�EH�SDU��
WLFXODUO\� HYLGHQW� LQ�EXOEDU�SDWLHQWV�� )XWXUH� WULDOV� IRFXVHG�RQ�FOLQLFDO�
HIILFDF\�RI�516���PD\�QHHG�WR�LQFOXGH�DGGLWLRQDO�PHDVXUHV�RI�UHVSL��
UDWRU\� DQG� EXOEDU� IXQFWLRQ�� 6SLURPHWU\�PDQRHXYUHV� LQ� WKH� SUHVHQW�
VWXG\�ZHUH�SHUIRUPHG�LQ�WKH�VHDWHG�SRVLWLRQ��)XWXUH�VWXGLHV�PD\�LQ��
FOXGH�VXSLQH�)9&�ZKLFK�PD\�EH�D�PRUH�VHQVLWLYH�PHDVXUH�RI�GHFOLQH�
LQ�GLDSKUDJP�IXQFWLRQ��0HDVXUHV�RI�RUWKRSQRHD�DQG�VOHHS�GLVUXSWLRQ�
PD\�DOVR�EH�FRQVLGHUHG��+HQFH�LW�LV�WKRXJKW�WKDW�D�ODUJHU�FOLQLFDO�WULDO�
IRFXVHG� RQ� FOLQLFDO� HIILFDF\� RI� LQKDOHG�QHEXOL]HG� DGPLQLVWUDWLRQ� RI�
516���ZLWK� UHVSLUDWRU\� DQG� IXQFWLRQDO� HQG�SRLQWV� LQ�ZHOO�VHOHFWHG�
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SRSXODWLRQV�RI�SDWLHQWV�LV�QHFHVVDU\�WR�FRQFOXGH�ZKHWKHU�516���FDQ�
EH�XVHG�IRU�WKH�WUHDWPHQW�RI�UHVSLUDWRU\�V\PSWRPV�RU�IRU�SUHYHQW��LQJ�
DQG�GHOD\LQJ�GLVHDVH�SURJUHVVLRQ�>��@��7UHDWPHQW�ZLWK�516��� IRU����
ZHHNV� GLG� QRW� DIIHFW� GLVHDVH� SURJUHVVLRQ� DV� PHDVXUHG� E\�WKH�
$/6)56�5� RU� PRUWDOLW\�� +RZHYHU�� DQRWKHU� FRPSRXQG� ZLWK� DQWL��
LQIODPPDWRU\�SURSHUWLHV� OLNH�SDOPLWR\OHWKDQRODPLGH�ZDV�DEOH�WR� LP��
SURYH�WKH�SXOPRQDU\�IXQFWLRQ�LQ�$/6�SDWLHQWV�ZLWKRXW�PRGLI\LQJ�WKH�
$/6)56�5�VFDOH�� WKH�HIIHFW�ZDV�DWWULEXWHG�WR�D�GLUHFW�DFWLRQ�RI�SDO��
PLWR\OHWKDQRODPLGH�RQ�WKH�QHXURPXVFXODU�MXQFWLRQ�RI�WKH�GLDSKUDJ��
PDWLF�PXVFOH�ZKLFK�DUH�WKH�ODVW�PXVFOHV�WR�EH�SDUDO\VHG�>��@��516���
PD\�DOVR�KDYH�GLUHFWO\�DIIHFWHG�WKH�GLDSKUDJP�PXVFOH��

7KHVH�UHVXOWV�DUH�LQ�FRQWUDVW�ZLWK�WKH�SRVLWLYH�HIIHFWV�RI�516���
UHSRUWHG�LQ�WKH�DQLPDO�PRGHO�RI�$/6��KRZHYHU��LQ�WKRVH�PLFH�WKH�GUXJ�
ZDV�DGPLQLVWUDWHG�LQWUDSHULWRQHDOO\�EHIRUH�RYHUW�V\PSWRP� RQVHW�>�@��
7KH� PRWRU� GHILFLW� VORZLQJ� HIIHFW� REVHUYHG� LQ� 516���� WUHDWHG�
62'�*��$� PLFH� ZDV� DFFRPSDQLHG� E\� SDUWLDO� SUHYHQWLRQ�RI�OXPEDU�
VSLQDO�PRWRU�QHXURQ�ORVV�DQG�QHXURPXVFXODU�MXQFWLRQ�GHQHUYDWLRQ�RI�
VNHOHWDO� PXVFOH�� ,QWHUHVWLQJO\�� WKH� FOLQLFDO� VWXGLHV� ZLWK� WRIHUVHQ�
�9$/25��1&7����������1&7���������� >������@�� DQ�
DQWLVHQVH�ROLJRQXFOHRWLGH�WDUJHWLQJ�62'���KDYH�VKRZQ�WKDW�WKRVH�ZKR�
VWDUWHG�WRIHUVHQ�HDUOLHU�KDG�EHWWHU�RXWFRPHV�WKDQ�WKRVH�ZKR�VWDUWHG�
ODWHU� �KWWSV���LQYHVWRUV�ELRJHQ�FRP�VWDWLF�ILOHV��H���� �E���I���
��D��D������HI�DF�IF����� $� WKHUDSHXWLF� LQWHUYHQ�� WLRQ�LQ�HDUOLHU�
SKDVHV� RI� $/6� LV� XQGHU� LQYHVWLJDWLRQ� LQ� WKH� $7/$6� VWXG\�
�1&7����������� LQ� ZKLFK� WRIHUVHQ� LV� LQLWLDWHG� LQ� FOLQLFDOO\�SUH�
V\PSWRPDWLF� 62'�� YDULDQW� FDUULHUV� >��@�� ,W� VKRXOG� EH� QRWHG�WKDW�
LQ�WKH���PRQWK�SKDVH���VWXG\�WKHUH�ZHUH�SRVLWLYH�UHVXOWV�RQO\�ZLWK�
UHJDUG� WR� QHXURILODPHQWV� DQG� QRW� WR� $/6)56�5� DQG� VXUYLYDO��DV�
RFFXUUHG� LQ� WKH� SUHVHQW� VWXG\�� 0RUHRYHU�� D� UHFHQW� FOLQLFDO� WULDO�RQ�
KLJK� FDORULF� QXWULWLRQ� GLHWV� KDV� \LHOGHG� SRVLWLYH� UHVXOWV� IRU� IDVW�
SURJUHVVLQJ� SDWLHQWV� RQO\� >��@�� SRVVLEO\� EHFDXVH� WKH� GXUDWLRQ� RI�
WKH� LQYHVWLJDWLRQ� ZDV� DOVR� WRR� VKRUW� WR� GHWHFW� HIIHFWV� LQ� VORZHU�
SURJUHVVLQJ�SDWLHQWV��ZKLFK�FRXOG�KDYH�EHHQ�WKH�FDVH�LQ�RXU�VWXG\��
WRR��7KHUHIRUH��LW�LV�SRVVLEOH�WKDW�HDUOLHU�DQG�RU�ORQJHU�WUHDWPHQW�ZLWK�
516��� PLJKW� KDYH� D� EHWWHU� FOLQLFDO� EHQHILW� LQ� SHRSOH� OLYLQJ�ZLWK�
$/6��ZKLFK�ZDUUDQWV�IXUWKHU�LQYHVWLJDWLRQ��

7KH�VWUHQJWKV�RI�WKH�VWXG\�LQFOXGH�WKH�DQDO\VLV�RI�PXOWLSOH�FDQ��
GLGDWH� ELRPDUNHUV� E\� D� FHQWUDOL]HG� ODERUDWRU\� DW� WKH� 0DULR� 1HJUL�
,QVWLWXWH� ,5&&6� XVLQJ� VWDQGDUG� RSHUDWLRQ� SURFHGXUHV�� WKHUHE\� OLP��
LWLQJ� DQDO\WLFDO� YDULDWLRQ�� 7KXV�� WKLV� WULDO� SURYLGHG� DQ� H[FHOOHQW� RS��
SRUWXQLW\� WR� FKDUDFWHUL]H� WKH� SDWWHUQ� DQG� ORQJLWXGLQDO� EHKDYLRXU�
RI� WKHVH�PDUNHUV� LQ� WKH� FRQWH[W� RI� D�ZHOO�GHILQHG� WULDO� SRSXODWLRQ��
7HUWLDU\� VLWHV�ZLWK� EURDG� QDWLRQDO� GLVWULEXWLRQ�ZHUH� LQFOXGHG� WR� LQ��
FUHDVH�DFFHVV�DQG�VXSSRUW�WKH�JHQHUDOL]DELOLW\�RI�VWXG\�UHVXOWV��)9&�
PHDVXUHPHQWV�ZHUH�SHUIRUPHG�XVLQJ�WKH�VDPH� LQVWUXPHQW�DW�HDFK�
VLWH�SURYLGHG�E\�WKH�VWXG\�VSRQVRU��)LQDOO\��WKH�VWXG\�ZDV�VXIILFLHQWO\�
SRZHUHG� WR� GHWHFW� FOLQLFDOO\�PHDQLQJIXO� GLIIHUHQFHV� LQ�PHDVXUHV� RI�
IXQFWLRQDO�LPSDLUPHQW��

7KH�VWXG\�ZDV�OLPLWHG�E\�WKH�&29,'����RXWEUHDN�WKDW�VWDUWHG�LQ�
,WDO\�LQ�)HEUXDU\�������7KH�SDQGHPLF�FDXVHG�UHVWULFWLRQV�LQ�WHUPV� RI�
SDUWLFLSDQW�DFFHVV�WR�WULDO�VLWHV�DQG�OLPLWDWLRQV�LQ�WKH�SHUIRUPDQFH�RI�
UHVSLUDWRU\� IXQFWLRQ� WHVWV�� 7KLV� FRQWH[W� OHG� WR� PLVVLQJ� YLVLWV� DQG�
PLVVLQJ�GDWD��

_����
�
�

$OVR��D�WRWDO�RI�����SURWRFRO�GHYLDWLRQV�RFFXUUHG�GXULQJ�WKH�VWXG\�
����516���JURXS�����SODFHER�JURXS��LQ�����SDWLHQWV�����516���JURXS��
���SODFHER�JURXS���RI�ZKLFK��������516���JURXS�����SODFHER�JURXS��
ZHUH�GXH�WR�WKH�&29,'����SDQGHPLF��7KH�GHVFULSWLRQ�RI�DOO�SURWRFRO�
GHYLDWLRQV�WKDW�RFFXUUHG�GXULQJ�WKH�VWXG\�ZLWK�QXPEHU�RI�RFFXUUHQFHV�
LQ�HDFK�WUHDWPHQW�JURXS�LV�UHSRUWHG�LQ�7DEOH�6����7KH�WKLUG�OLPLW�ZDV�
WKH�GUXJ�DGPLQLVWUDWLRQ�URXWH�WKDW�UHTXLUHG�ZHHNO\�YLVLWV�WR�WKH�SDU��
WLFLSDWLQJ�FHQWUH��ZLWK�VLJQLILFDQW�GLVFRPIRUW�IRU�GLVDEOHG�SDWLHQWV��)RU�
WKLV�UHDVRQ��WHVWLQJ�WKH�HIILFDF\�RI�D�IXOO�WUHDWPHQW�YLD�WKH�LQKDODWLRQ�
URXWH�RQO\�DW�WKH�SDWLHQW
V�KRPH�ZRXOG�KDYH�EHHQ�SUHIHUUHG��
�
�
&21&/86,21��
�
,Q�FRQFOXVLRQ��DGPLQLVWUDWLRQ�RI�516���WR�SHRSOH�OLYLQJ�ZLWK�$/6�IRU�
���ZHHNV�VKRZHG�QR�HIIHFWV�RQ�FDQGLGDWH�ELRPDUNHUV�RI� LQIODPPD��
WLRQ� DQG� QHXURGHJHQHUDWLRQ�� $/6)56�5� VFRUHV� RU� VXUYLYDO�� 3RVLWLYH�
HIIHFWV� RI� 516��� RQ� VHOHFWHG� PHDVXUHV� RI� UHVSLUDWRU\� DQG� EXOEDU�
IXQFWLRQ� ZDUUDQW� IXUWKHU� LQYHVWLJDWLRQ�� ZKLFK� PLJKW� LQFOXGH� HDUOLHU�
WUHDWPHQW�� ORQJHU�IROORZ�XS��DGGLWLRQDO�PHDVXUHV�RI�UHVSLUDWRU\�DQG�
EXOEDU�IXQFWLRQ��DQG�IRFXV�RQ�GRVDJH�DQG�URXWH�RI�DGPLQLVWUDWLRQ��

�
$87+25�&2175,%87,216�
6HH�WKH�$SSHQGL[�$��

�
$&.12:/('*�(0(176��
7KH�DXWKRUV�H[SUHVV�WKHLU�JUDWLWXGH�WR�3URIHVVRU�0HULW�&XGNRZLF]�DW�
0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO��0*+��IRU�KHU�H[SHUW�DGYLFH�DQG�VXS��
SRUW��WR�WKH�&HQWHU�IRU�,QQRYDWLRQ�DQG�%LR,QIRUPDWLFV�DW�1HXURORJLFDO�
&OLQLFDO�5HVHDUFK�,QVWLWXWH�DW�0*+�IRU�SURYLGLQJ�WKH�3KDUPD(1*,1(�
(OHFWURQLF�'DWD�&DSWXUH�SODWIRUP��WR�'U�6FKRHQIHOG�DW�0*+�IRU�SUR��
YLGLQJ�LQSXW�DERXW�WKH�VWDWLVWLFDO�DQDO\VLV�SODQ��WR�6HUHQD�6FR]]DUL�DQG�
(OLDQD�6DPPDOL�DW�WKH�0DULR�1HJUL�,QVWLWXWH�IRU�KHOSLQJ�ZLWK�ELRPDUNHU�
DQDO\VHV��2SHQ�DFFHVV�IXQGLQJ�SURYLGHG�E\�%,%/,26$1��

�
)81',1*�,1)250$7,21�
)XQGHG�E\�WKH�$/6�$VVRFLDWLRQ��)RQGD]LRQH�%DQFR�3RSRODUH�1RYDUD��
)RQGD]LRQH� &RPXQLWj� GHO� 1RYDUHVH�� *HW� 2XW� DQG� 856/$� 2QOXV��
$/6)$&� SURYLGHG� VXSSRUW� WR� WKH� $/6� $VVRFLDWLRQ� 86$� IRU� WKLV�
VWXG\��5HYDOHVLR�&RUSRUDWLRQ�GRQDWHG�DFWLYH�VWXG\�GUXJ�DQG�PDWFK��
LQJ�SODFHER��

�
&21)/,&�7�2)�,17(5(67�
(��%HJKL�UHSRUWV�JUDQWV�IURP�WKH�,WDOLDQ�0LQLVWU\�RI�+HDOWK��JUDQWV�IURP�
62%,�� SHUVRQDO� IHHV� IURP� $UYHOOH� 7KHUDSHXWLFV�� RXWVLGH�WKH�
VXEPLWWHG� ZRUN�� (�� %HJKL� UHSRUWV� JUDQWV� IURP� $PHULFDQ� $/6�
$VVRFLDWLRQ�IRU� WKH�FRQGXFW�RI� WKH�SUHVHQW�VWXG\��(��3XSLOOR�UHSRUWV�
JUDQWV�IURP�WKH�,WDOLDQ�0LQLVWU\�RI�+HDOWK��JUDQWV�IURP�$,)$��RXW��VLGH�
WKH�VXEPLWWHG�ZRUN��$��6KHUPDQ�UHSRUWV�UHVHDUFK�JUDQWV�IURP�WKH�$/6�
$VVRFLDWLRQ��$/6�)LQGLQJ�D�&XUH�DQG�WKH�1,+��RXWVLGH�WKH�VXEPLWWHG�
ZRUN��6��3DJDQRQL�UHSRUWV�UHVHDUFK�JUDQWV�IURP�$P\O\[�7KHUDSHXWLFV��
5HYDOHVLR� &RUSRUDWLRQ�� 8&%�5D� 3KDUPD�� %LRKDYHQ�� &OHQH�� 3ULOHQLD��
6HHORV��WKH�$/6�$VVRFLDWLRQ��WKH�$PHULFDQ�$FDGHP\�
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RI�1HXURORJ\��$/6�)LQGLQJ�D�&XUH��WKH�6DODK�)RXQGDWLRQ��WKH�6SDVWLF�
3DUDSOHJLD�)RXQGDWLRQ�� WKH�0XVFXODU�'\VWURSK\�$VVRFLDWLRQ�DQG�UH��
SRUWV� SHUVRQDO� FRQVXOWLQJ� IHHV� IRU� DGYLVRU\� SDQHOV� IURP�2ULRQ� DQG�
&\WRNLQHWLFV��$OO�RI�WKHP�DUH�RXWVLGH�WKH�VXEPLWWHG�ZRUN��0��)LORVWR�
UHSRUWV� VHUYLQJ� RQ� D� VFLHQWLILF� DGYLVRU\� ERDUG� IRU� $PLFXV�� 6DQRIL��
6DUHSWD��KRQRUDULD�IRU�VSHDNLQJ�HQJDJHPHQWV�IRU�6DQRIL��$OQ\ODP�� $OO�
RI�WKHP�DUH�RXWVLGH�WKH�VXEPLWWHG�ZRUN��

$�� 3DGRYDQL� VHUYHV� RQ� D� VFLHQWLILF� DGYLVRU\� ERDUG�� 'LUHFWRU� RI�
6FKRRO� RI� 1HXURORJ\�� 8QLYHUVLW\� RI� %UHVFLD�� 3UHVLGHQW�HOHFW� RI� WKH�
1DWLRQDO�6RFLHW\�RI�1HXURORJ\�6,1��*(�+HDOWKFDUH��/LOO\�DQG�$FWHOLRQ�
/WG�3KDUPDFHXWLFDOV��7UDYHO�IXQGHG�E\�D�FRPPHUFLDO�HQWLW\��5RFKH��(O\��
/LOO\��%LRJHQ��=DPERQ��1XWULFLD��/XQGEHFN��6HUYLQJ�DV�D�MRXUQDO�HGLWRU��
DVVRFLDWH�HGLWRU��RU�RQ�DQ�HGLWRULDO�DGYLVRU\�ERDUG��0'3,��3DWHQWV�KHOG�
RU�SHQGLQJ��0HWKRG�RI�JHQHUDWLRQ�RI�D�GLDJQRVWLF�LQGH[�IRU�$O]KHLPHU
V�
GLVHDVH��HOHFWURQLF�GHYLFH�IRU�LPSOHPHQWLQJ�WKH�PHWKRG�DQG�V\VWHP��
������+RQRUDULD�IRU�VSHDNLQJ�HQJDJHPHQWV��+H�KDV�UHFHLYHG�KRQR��
UDULD�IURP�1XWULFLD��3,$0��/DQJVWRQH�7HFKQRORJ\��*(�+HDOWKFDUH��/LOO\�
DQG�&KLHVL��&RPPHUFLDO�UHVHDUFK�VXSSRUW��$GYLVRU\�DQG�VHUYHG�RQ�WKH�
6FLHQWLILF� $GYLVRU\� %RDUG� IRU� *(� +HDOWKFDUH�� /LOO\� DQG� $FWHOLRQ� /WG�
3KDUPDFHXWLFDOV��*RYHUQPHQW�UHVHDUFK�VXSSRUW��LQFOXGLQJ�IXQGLQJ�RU��
JDQL]DWLRQ��JUDQW�QXPEHU��DQG�UROH���+H�KDV�SDUWLFLSDWHG�DV�3,�LQ�PRUH�
WKDQ����UHVHDUFK�SURMHFWV�IXQGHG�E\�WKH�0LQLVWU\�RI�+HDOWK�DQG�0,85��
6XSSRUW� IURP�D�QRQ�SURILW� IRXQGDWLRQ�RU�VRFLHW\��&+',�)RXQGDWLRQ��
)RQGD]LRQH�&DULSOR��$OO�RI�WKHP�DUH�RXWVLGH�WKH�VXEPLWWHG�ZRUN��

*��/RJURVFLQR�UHFHLYHG�IXQGV�IURP�5RFKH��$PSOLIRQ��KH�UHFHLYHG�
WUDYHO�IXQGV�IRU�SDUWLFLSDWLRQ�LQ�D�FRQJUHVV�DV�VSHDNHU��$OO�RI�WKHP�DUH�
RXWVLGH� WKH� VXEPLWWHG�ZRUN�� &�� /XQHWWD� UHFHLYHG� FRPSHQVDWLRQ� IRU�
FRQVXOWLQJ� VHUYLFHV� IURP�1HXUDOWXV��&\WRNLQHWLFV��0LWVXELVKL�7DQDEH�
3KDUPD�(XURSH�DQG�,WDOIDUPDFR�DQG�KDV�UHFHLYHG�IXQGV�IURP�$5,6/$�
DQG�,WDOLDQ�0LQLVWU\�RI�+HDOWK��$OO�RI�WKHP�DUH�RXWVLGH�WKH�VXEPLW�� WHG�
ZRUN��-��0DQGULROL�UHFHLYHG�UHVHDUFK�JUDQWV�IURP�)RQGD]LRQH�,WDOLDQD�
GL�5LFHUFD�SHU�OD�6FOHURVL�/DWHUDOH�$PLRWURILFD��$5,6/$���WKH�$JHQ]LD�
,WDOLDQD� GHO� )DUPDFR� �$,)$��� WKH� ,WDOLDQ� 0LQLVWU\� RI� +HDOWK�� (PLOLD�
5RPDJQD�5HJLRQDO�+HDOWK�$XWKRULW\��5RFKH��3IL]HU��$OO�RI� WKHP�DUH�
RXWVLGH� WKH� VXEPLWWHG� ZRUN�� )�� 7URMVL� VHUYHG� DV� D� MRXUQDO� HGLWRU��
DVVRFLDWH�HGLWRU��RU�RQ�DQ�HGLWRULDO�DGYLVRU\�ERDUG��$VVRFLDWH�(GLWRU�RI�
)URQWLHUV� LQ� 1HXURVFLHQFH�)URQWLHUV� LQ� 1HXURORJ\� �VHFWLRQ�
1HXURGHJHQHUDWLRQ�� �����3WRGD\�� DQG� 2USKDQHW� -RXUQDO� RI� 5DUH�
'LVHDVHV� �%0&��6SULQJHU�1DWXUH�� ��������$FDGHPLF�(GLWRU�RI�%UDLQ�
6FLHQFHV� �0'3,� (G��� �������� )HH� IRU� FRQVXOWDQW�� $OQ\ODP� ,WDO\� 6UO�
��������$OO�RI�WKHP�DUH�RXWVLGH�WKH�VXEPLWWHG�ZRUN��

$OO�RWKHU�DXWKRUV�UHSRUW�QR�GLVFORVXUHV��

�
'$7$� $9$,/�$%,/,7�<� 67$7(0(17�
$QRQ\PLVHG�GDWD�DUH�DYDLODEOH�IURP�WKH�FRUUHVSRQGLQJ�DXWKRU�XSRQ�
UHTXHVW��

�
25&,'�
(WWRUH�%HJKL�  KWWSV���RUFLG�RUJ���������������������
(OLVDEHWWD�3XSLOOR�  KWWSV���RUFLG�RUJ���������������������
9DOHQWLQD�%RQHWWR�  KWWSV���RUFLG�RUJ���������������������
)DELROD�'H�0DUFKL�  KWWSV���RUFLG�RUJ���������������������
5HQDWD�'HO�&DUUDWRUH�  KWWSV���RUFLG�RUJ���������������������

/XFD�'LDPDQWL�  KWWSV���RUFLG�RUJ���������������������
$QGUHD�&DOYR�  KWWSV���RUFLG�RUJ���������������������
0DVVLPLOLDQR�)LORVWR�  KWWSV���RUFLG�RUJ���������������������
5RVVHOOD�6SDWDUR�  KWWSV���RUFLG�RUJ���������������������
9LQFHQ]R�/D�%HOOD�  KWWSV���RUFLG�RUJ���������������������
,ODULD�0DUWLQHOOL�  KWWSV���RUFLG�RUJ���������������������
'DULR�5LFFLDUGL�  KWWSV���RUFLG�RUJ���������������������
1LOR�5LYD�  KWWSV���RUFLG�RUJ���������������������
0DVVLPR�)LOLSSL�  KWWSV���RUFLG�RUJ���������������������
,VDEHOOD�/DXUD�6LPRQH�  KWWSV���RUFLG�RUJ���������������������
*LDQQL�6RUDU��  KWWSV���RUFLG�RUJ���������������������

�
5�()(5�(1�&(�6�
�� %HJKL�(��0HQQLQL�7��%HQGRWWL�&��HW�DO��7KH�KHWHURJHQHLW\�RI�DP\R��

WURSKLF�ODWHUDO�VFOHURVLV��D�SRVVLEOH�H[SODQDWLRQ�RI�WUHDWPHQW�IDLOXUH��
&XUU�0HG�&KHP�������������������������

�� 0LOOHU� 5*��0LWFKHOO� -'��0RRUH�'+��5LOX]ROH� IRU� DP\RWURSKLF� ODWHUDO�
VFOHURVLV� �$/6��PRWRU� QHXURQ� GLVHDVH� �01'��� &RFKUDQH� 'DWDEDVH�
6\VW�5HY�������0DU������������&'��������

�� :ULWLQJ�*URXS�� (GDUDYRQH� �0&,������$/6� ��� 6WXG\�*URXS�� 6DIHW\�
DQG�HIILFDF\�RI�HGDUDYRQH�LQ�ZHOO�GHILQHG�SDWLHQWV�ZLWK�DP\RWURSKLF�
ODWHUDO�VFOHURVLV��D�UDQGRPLVHG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�WULDO��
/DQFHW�1HXURO����������������������

�� 'H�0DUFKL�)��0XQLWLF�,��$PHGHL�$��HW�DO��,QWHUSOD\�EHWZHHQ�LPPXQLW\�
DQG�DP\RWURSKLF�ODWHUDO�VFOHURVLV��FOLQLFDO�LPSDFW��1HXURVFL�%LREHKDY�
5HY�������������������GRL����������M�QHXELRUHY�������������

�� &DOLy� 0/�� +HQULTXHV� (�� 6LHQD� $�� %HUWRQFLQL� &5$�� *LO�0RKDSHO� -��
5RVHQVWRFN� 75�� 0LWRFKRQGULDO� G\VIXQFWLRQ�� QHXURJHQHVLV�� DQG�
HSLJHQHWLFV�� SXWDWLYH� LPSOLFDWLRQV� IRU� DP\RWURSKLF� ODWHUDO� VFOHURVLV�
QHXURGHJHQHUDWLRQ� DQG� WUHDWPHQW�� )URQW� 1HXURVFL�� �������������
GRL���������IQLQV������������

�� 0HKWD�$5��:DOWHUV� 5��:DOGURQ� )0�� HW� DO�� 7DUJHWLQJ�PLWRFKRQGULDO�
G\VIXQFWLRQ�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��D�V\VWHPDWLF�UHYLHZ� DQG�
PHWD�DQDO\VLV��%UDLQ�&RPPXQ������������IF]�����

�� *UDQDWLHUR� 9�� 0DQIUHGL� *�� 0LWRFKRQGULDO� WUDQVSRUW� DQG� WXUQ��RYHU�
LQ� WKH� SDWKRJHQHVLV� RI� DP\RWURSKLF� ODWHUDO� VFOHURVLV�� %LRORJ\��
��������������

�� 9DOODUROD�$��6LURQL� )��7RUWDUROR�0��HW�DO��516���H[HUWV� WKHUDSHXWLF�
HIIHFWV� LQ�WKH�62'��$/6�PRXVH�PRGHO�WKURXJK�SURWHFWLYH�JOLD�DQG�
SHULSKHUDO�QHUYH�UHVFXH��-�1HXURLQIODPPDWLRQ�����������������

�� .KDVQDYLV� 6�� 5R\� $�� *KRVK� 6��:DWVRQ� 5�� 3DKDQ� .�� 3URWHFWLRQ� RI�
GRSDPLQHUJLF�QHXURQV�LQ�D�PRXVH�PRGHO�RI�3DUNLQVRQ
V�GLVHDVH�E\� D�
SK\VLFDOO\�PRGLILHG� VDOLQH� FRQWDLQLQJ� FKDUJH�VWDELOL]HG� QDQREXE��
EOHV��-�1HXURLPPXQH�3KDUPDFRO���������������������

��� 5DQJDVDP\� 6%�� *KRVK� 6�� 3DKDQ� .�� 516���� D� SK\VLFDOO\�PRGLILHG�
VDOLQH�� LQKLELWV� JOLDO� DFWLYDWLRQ�� VXSSUHVVHV� QHXURQDO� DSRSWRVLV� DQG�
SURWHFWV�PHPRU\� LQ�D�PRXVH�PRGHO�RI� WUDXPDWLF�EUDLQ� LQMXU\��([S�
1HXURO�������������������

��� 0RQGDO� 6�� 5DQJDVDP\� 6%�� *KRVK� 6�� :DWVRQ� 5/�� 3DKDQ� .��
1HEXOL]DWLRQ� RI� 516���� D� SK\VLFDOO\�PRGLILHG� VDOLQH�� DWWHQXDWHV�
WKH� DGRSWLYH� WUDQVIHU� RI� H[SHULPHQWDO� DOOHUJLF� HQFHSKDORP\HOLWLV�
LQ�PLFH��LPSOLFDWLRQV�IRU�PXOWLSOH�VFOHURVLV�WKHUDS\��1HXURFKHP�5HV��
����������������������

��� 5DR�97��.KDQ�'��-RQHV�5*��HW�DO��3RWHQWLDO�EHQHILW�RI� WKH�FKDUJH��
VWDELOL]HG�QDQRVWUXFWXUH� VDOLQH�516��� IRU�P\HOLQ�PDLQWHQDQFH�DQG�
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��� &KDQGUD�*��.XQGX�0��5DQJDVDP\�6%��HW�DO��,QFUHDVH� LQ�PLWRFKRQ��
GULDO� ELRJHQHVLV� LQ� QHXURQDO� FHOOV� E\� 516���� D� SK\VLFDOO\�PRGLILHG�
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��� 0RGL�..��-DQD�$��*KRVK�6��:DWVRQ�5��3DKDQ�.��$�SK\VLFDOO\��PRGLILHG�
VDOLQH� VXSSUHVVHV� QHXURQDO� DSRSWRVLV�� DWWHQXDWHV� WDX�
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SKRVSKRU\ODWLRQ� DQG� SURWHFWV� PHPRU\� LQ� DQ� DQLPDO� PRGHO� RI�
$O]KHLPHU
V�GLVHDVH��3/R6�2QH������������H��������

��� 0RQGDO�6��0DUWLQVRQ�-$��*KRVK�6��:DWVRQ�5��3DKDQ�.��3URWHFWLRQ� RI�
7UHJV�� VXSSUHVVLRQ� RI� 7K�� DQG� 7K��� FHOOV�� DQG� DPHOLRUDWLRQ� RI�
H[SHULPHQWDO� DOOHUJLF� HQFHSKDORP\HOLWLV� E\� D� SK\VLFDOO\�PRGLILHG�
VDOLQH��3/R6�2QH�������������H�������

��� ,YDQQLNRY�09��6XJLPRUL�0��/OLQiV�55��1HXURPXVFXODU� WUDQVPLVVLRQ�
DQG� PXVFOH� IDWLJXH� FKDQJHV� E\� QDQRVWUXFWXUHG� R[\JHQ�� 0XVFOH�
1HUYH����������������������

��� 3DJDQRQL�6��$OVKLNKR�0-��/XSSLQR�6��HW�DO��$�SLORW�WULDO�RI�516���LQ�
DP\RWURSKLF�ODWHUDO�VFOHURVLV��0XVFOH�1HUYH����������������������

��� 3DVHWWR� /�� *UDVVDQR� 0�� 3R]]L� 6�� HW� DO�� 'HIHFWLYH� F\FORSKL��
OLQ� $� LQGXFHV� 7'3���� SURWHLQRSDWK\�� LPSOLFDWLRQV� IRU� DP\R��
WURSKLF� ODWHUDO� VFOHURVLV� DQG� IURQWRWHPSRUDO� GHPHQWLD�� %UDLQ��
������������������������

��� 7UROHVH�0�&��6FDUSD�&��0HOIL�9��HW�DO��%RRVWLQJ� WKH�SHULSKHUDO� LP��
PXQH� UHVSRQVH� LQ� WKH� VNHOHWDO� PXVFOHV� LPSURYHG� PRWRU� IXQF��
WLRQ� LQ� $/6� WUDQVJHQLF� PLFH�� 0RO� 7KHU� ����������������������
GRL���������M�\PWKH�������������

��� =XFFKL�(��%RQHWWR�9��6RUDU��*��HW�DO��1HXURILODPHQWV�LQ�PRWRU�QHX��
URQ� GLVRUGHUV�� WRZDUGV� SURPLVLQJ� GLDJQRVWLF� DQG� SURJQRVWLF� ELR��
PDUNHUV��0RO�1HXURGHJHQHU�����������������

��� %URRNV� %5�� 0LOOHU� 5*�� 6ZDVK�0�� 0XQVDW� 7/�� :RUOG� )HGHUDWLRQ� RI�
1HXURORJ\�5HVHDUFK�*URXS� RQ�0RWRU�1HXURQ�'LVHDVHV�� (O� (VFRULDO�
UHYLVLWHG�� UHYLVHG� FULWHULD� IRU� WKH� GLDJQRVLV� RI� DP\RWURSKLF� ODW��
HUDO�VFOHURVLV��$P\RWURSK�/DWHUDO�6FOHU�2WKHU�0RWRU�1HXURQ�'LVRUG��
�������������������

��� +DPLGRX�%��0DULQ�%��/DXWUHWWH�*��HW�DO��([SORULQJ�WKH�GLDJQRVLV�GHOD\�
DQG�$/6�IXQFWLRQDO� LPSDLUPHQW�DW�GLDJQRVLV�DV�UHOHYDQW�FULWHULD�IRU�
FOLQLFDO� WULDO� HQUROPHQW�� $P\RWURSK� /DWHUDO� 6FOHU� )URQWRWHPSRUDO�
'HJHQHU������������������������

��� .LPXUD�)��)XMLPXUD�&��,VKLGD�6��HW�DO��3URJUHVVLRQ�UDWH�RI�$/6)56�5�
DW� WLPH� RI� GLDJQRVLV� SUHGLFWV� VXUYLYDO� WLPH� LQ� $/6�� 1HXURORJ\��
��������������������

��� 5HQW]RV�0��5RPERV�$��1LNRODRX�&��HW�DO��,QWHUOHXNLQ����DQG� LQWHU��
OHXNLQ����DUH�HOHYDWHG�LQ�VHUXP�DQG�FHUHEURVSLQDO�IOXLG�RI�SDWLHQWV�
ZLWK�$/6��D�UHIOHFWLRQ�RI�7K���FHOOV�DFWLYDWLRQ"�$FWD�1HXURO�6FDQG��
���������������������

��� +HQNHO�-6��%HHUV�'5��:HQ�6��HW�DO��5HJXODWRU\�7�O\PSKRF\WHV�PH��
GLDWH�DP\RWURSKLF� ODWHUDO� VFOHURVLV�SURJUHVVLRQ�DQG�VXUYLYDO��(0%2�
0RO�0HG�������������������

��� &DVRQL� )�� %DVVR� 0�� 0DVVLJQDQ� 7�� HW� DO�� 3URWHLQ� QLWUDWLRQ� LQ� D�
PRXVH� PRGHO� RI� IDPLOLDO� DP\RWURSKLF� ODWHUDO� VFOHURVLV�� SRV�� VLEOH�
PXOWLIXQFWLRQDO� UROH� LQ� WKH� SDWKRJHQHVLV�� -� %LRO� &KHP��
��������������������������

��� 1DUGR�*��3R]]L�6��0DQWRYDQL�6��HW�DO��1LWURSURWHRPLFV�RI�SHULSK�� HUDO�
EORRG� PRQRQXFOHDU� FHOOV� IURP� SDWLHQWV� DQG� D� UDW� PRGHO� RI� $/6��
$QWLR[LG�5HGR[�6LJQDO������������������������

��� 1DUGR� *�� 3R]]L� 6�� 3LJQDWDUR� 0�� HW� DO�� $P\RWURSKLF� ODWHUDO� VFOHUR��
VLV�PXOWLSURWHLQ�ELRPDUNHUV� LQ�SHULSKHUDO�EORRG�PRQRQXFOHDU� FHOOV��
3/R6�2QH�������������H�������

_����

�
��� )LODUHWL�0��/XRWWL�6��3DVHWWR�/��HW�DO��'HFUHDVHG�OHYHOV�RI�IROGDVH�DQG�

FKDSHURQH�SURWHLQV�DUH�DVVRFLDWHG�ZLWK�DQ�HDUO\�RQVHW�DP\RWURSKLF�
ODWHUDO�VFOHURVLV��)URQW�0RO�1HXURVFL��������������

��� /XRWWL�6��3DVHWWR�/��3RUFX�/��HW�DO��'LDJQRVWLF�DQG�SURJQRVWLF�YDOXHV�
RI� 3%0&� SURWHLQV� LQ� DP\RWURSKLF� ODWHUDO� VFOHURVLV�� 1HXURELRO� 'LV��
�����������������

��� %DURQ�3��%XVVLQL�6��&DUGLQ�9��HW�DO��3URGXFWLRQ�RI�PRQRF\WH�FKHPR��
DWWUDFWDQW�SURWHLQ��� LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��0XVFOH�1HUYH��
��������������������

��� *XR�-��<DQJ�;��*DR�/��=DQJ�'��(YDOXDWLQJ�WKH�OHYHOV�RI�&6)�DQG�VHUXP�
IDFWRUV�LQ�$/6��%UDLQ�%HKDY������������H�������

��� .XKOH�-��/LQGEHUJ�5/��5HJHQLWHU�$��HW�DO��,QFUHDVHG�OHYHOV�RI�LQIODP��
PDWRU\� FKHPRNLQHV� LQ� DP\RWURSKLF� ODWHUDO� VFOHURVLV�� (XURSHDQ� -�
1HXURO����������������������

��� 7DWHLVKL�7��<DPDVDNL�5��7DQDND�0��HW�DO��&6)�FKHPRNLQH�DOWHUDWLRQV�
UHODWHG� WR� WKH� FOLQLFDO� FRXUVH� RI� DP\RWURSKLF� ODWHUDO� VFOHURVLV�� -�
1HXURLPPXQRO�����������������������

��� %HQDWDU�0�� =KDQJ� /��:DQJ� /�� HW� DO�� 9DOLGDWLRQ� RI� VHUXP� QHXURILO��
DPHQWV�DV�SURJQRVWLF�DQG�SRWHQWLDO�SKDUPDFRG\QDPLF�ELRPDUNHUV�IRU�
$/6��1HXURORJ\�������������H���H����

��� 3DOPD�(��5H\HV�5XL]�-0��/RSHUJROR�'��HW�DO��$FHW\OFKROLQH�UHFHSWRUV�
IURP�KXPDQ�PXVFOH�DV�SKDUPDFRORJLFDO�WDUJHWV�IRU�$/6�WKHUDS\��3URF�
1DWO�$FDG�6FL�8�6�$��������������������������

��� 0LOOHU�7��&XGNRZLF]�0��6KDZ�3-��HW�DO��3KDVH��3��WULDO�RI�DQWL�� VHQVH�
ROLJRQXFOHRWLGH� WRIHUVHQ� IRU� 62'�� $/6�� 1� (QJO� -� 0HG��
���������������������

��� 0LOOHU� 7�� &XGNRZLF]� 0�� ,Q� $PHULFDQ� 1HXURORJLFDO� $VVRFLDWLRQ�
$QQXDO�0HHWLQJ��9LUWXDO�������2FW���3�����

��� %HQDWDU�0��:XX� -�� $QGHUVHQ� 30�� HW� DO�� 'HVLJQ� RI� D� UDQGRPL]HG��
SODFHER�FRQWUROOHG�� SKDVH� �� WULDO� RI� WRIHUVHQ� LQLWLDWHG� LQ� FOLQL��
FDOO\� SUHV\PSWRPDWLF� 62'�� YDULDQW� FDUULHUV�� WKH� $7/$6� 6WXG\��
1HXURWKHUDSHXWLFV��������GRL���������V������������������

��� /XGROSK�$&��'RUVW�-��'UH\KDXSW�-��HW�DO��(IIHFW�RI�KLJK�FDORULF�QXWULWLRQ�
RQ� VXUYLYDO� LQ� DP\RWURSKLF� ODWHUDO� VFOHURVLV�� $QQ� 1HXURO��
��������������������

�
6833257,1*�,1)250$7,21��
$GGLWLRQDO� VXSSRUWLQJ� LQIRUPDWLRQ� FDQ� EH� IRXQG� RQOLQH� LQ� WKH�
6XSSRUWLQJ�,QIRUPDWLRQ�VHFWLRQ�DW�WKH�HQG�RI�WKLV�DUWLFOH��

�
�

+RZ�WR�FLWH�WKLV�DUWLFOH��%HJKL�(��3XSLOOR�(��%LDQFKL�(��HW�DO��
(IIHFW�RI�516���LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��D�SKDVH�,,�
PXOWLFHQWUH�� UDQGRPL]HG�� GRXEOH�EOLQG�� SODFHER�FRQWUROOHG�
WULDO��(XU�-�1HXURO�����������������GRL����������HQH�������
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$XWKRUV�

1DPH� /RFDWLRQ� &RQWULEXWLRQ�

(WWRUH�%HJKL��0'� 'HSDUWPHQW�RI�1HXURVFLHQFH��,VWLWXWR�GL�5LFHUFKH�
)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR�

(OLVDEHWWD�3XSLOOR��3KDUP'��3K'� 'HSDUWPHQW�RI�1HXURVFLHQFH��,VWLWXWR�GL�5LFHUFKH�
)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR�

�
(OLVD�%LDQFKL��06F� 'HSDUWPHQW�RI�1HXURVFLHQFH��,VWLWXWR�GL�5LFHUFKH�

)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR�

9DOHQWLQD�%RQHWWR��3KDUP'��3K'� 'HSDUWPHQW�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�3KDUPDFRORJ\��
,VWLWXWR�GL�5LFHUFKH�)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��

0LODQR�

6LOYLD�/XRWWL��%LRO'� 'HSDUWPHQW� RI� %LRFKHPLVWU\� DQG�0ROHFXODU� 3KDUPDFRORJ\��
,VWLWXWR�GL�5LFHUFKH�)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��
0LODQR�

/DXUD�3DVHWWR��%LRO'��3K'� 'HSDUWPHQW�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�3KDUPDFRORJ\��
,VWLWXWR�GL�5LFHUFKH�)DUPDFRORJLFKH�0DULR�1HJUL� ,5&&6��

0LODQR�

&DWHULQD�%HQGRWWL��3KDUP'��3K'� � � � 'HSDUWPHQW�RI�1HXURVFLHQFH��,VWLWXWR�GL�5LFHUFKH�
)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR�

0DVVLPR�7RUWDUROR��3KDUP'��3K'� � � 'HSDUWPHQW�RI�1HXURVFLHQFH��,VWLWXWR�GL�5LFHUFKH�
)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR�

)UDQFHVFD�6LURQL��%LRO'��3K'� 'HSDUWPHQW�RI�1HXURVFLHQFH��,VWLWXWR�GL�5LFHUFKH�
)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR�

/DXUD�&DPSRUHDOH��%LRO'� 'HSDUWPHQW�RI�1HXURVFLHQFH��,VWLWXWR�GL�5LFHUFKH�
)DUPDFRORJLFKH�0DULR�1HJUL�,5&&6��0LODQR�

$OH[DQGHU�9��6KHUPDQ��06F� 1HXURORJLFDO�&OLQLFDO�5HVHDUFK�,QVWLWXWH��0DVVDFKXVHWWV�
*HQHUDO�+RVSLWDO��+DUYDUG�0HGLFDO�6FKRRO�

6DEULQD�3DJDQRQL��0'��3K'� 6HDQ�0��+HDOH\�	�$0*�&HQWHU�IRU�$/6�DW�0DVV�*HQHUDO�
+RVSLWDO��'HSDUWPHQW�RI�1HXURORJ\�DQG�6SDXOGLQJ�
5HKDELOLWDWLRQ�+RVSLWDO��'HSDUWPHQW�RI�30	5��+DUYDUG�
0HGLFDO�6FKRRO�

$GD�6FRJQDPLJOLR��%LRO'� $/6�([SHUW�&HQWHU� 8Maggiore�GHOOD�Carità9�+RVSLWDO�DQG�
8QLYHUVLW\�RI�3LHPRQWH�2ULHQWDOH��1RYDUD�

)DELROD�'H�0DUFKL��0'� $/6�([SHUW�&HQWHU� 8Maggiore�GHOOD�Carità9�+RVSLWDO�DQG�
8QLYHUVLW\�RI�3LHPRQWH�2ULHQWDOH��1RYDUD�

3DROR�%RQJLRDQQL��0'��3K'� 6SLQDO�&RUG�,QMXULHV�6HFWLRQ��$]LHQGD�2VSHGDOLHUR��
8QLYHUVLWDULD� 3LVDQD�

6WXG\�FRQFHSWLRQ��SURMHFW�FRRUGLQDWRU��ILUVW�
DQG�ILQDO�GUDIW�

6WXG\�FRQFHSWLRQ��GLUHFWRU�RI�PRQLWRULQJ�
DFWLYLWLHV��VWXG\�PDQDJHPHQW��ILUVW�DQG�
ILQDO�GUDIW�

6WXG\�FRQFHSWLRQ��VWDWLVWLFDO�DQDO\VLV��ILUVW�
DQG�ILQDO�GUDIW�

&HQWUDOL]HG�ODERUDWRU\�PDQDJHPHQW�DQG�
VDPSOH�DQDO\VHV��ILUVW�DQG�ILQDO�GUDIW�

�
&HQWUDOL]HG�ODERUDWRU\�PDQDJHPHQW�DQG�

VDPSOH�DQDO\VHV�

�
&HQWUDOL]HG�ODERUDWRU\�PDQDJHPHQW�DQG�

VDPSOH�DQDO\VHV�

�
&HQWUDOL]HG�ODERUDWRU\�PDQDJHPHQW�DQG�

VDPSOH�DQDO\VHV��ILUVW�DQG�ILQDO�GUDIW�

&HQWUDOL]HG�ODERUDWRU\�PDQDJHPHQW�DQG�
VDPSOH�DQDO\VHV�

&HQWUDOL]HG�ODERUDWRU\�PDQDJHPHQW�DQG�
VDPSOH�DQDO\VHV�

&HQWUDOL]HG�ODERUDWRU\�PDQDJHPHQW�DQG�
VDPSOH�DQDO\VHV�

5HYLVLRQ�RI�ILUVW�DQG�ILQDO�GUDIW�

�
6WXG\�FRQFHSWLRQ��UHYLVLRQ�RI�ILUVW�DQG�ILQDO�

GUDIW�
�

�
'DWD�FROOHFWLRQ�DW�VWXG\�VLWH�

�
,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�

VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

5HQDWD�'HO�&DUUDWRUH��%LRO'��3K'� ,QVWLWXWH�RI�&OLQLFDO�3K\VLRORJ\��&15�3LVD� Biomarkers9�DVVD\V�

&ODXGLD�&DSRQQHWWR��0'� ,5&&6�2VSHGDOH�3ROLFOLQLFR�6DQ�0DUWLQR�*HQRD� ,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

/XFD�'LDPDQWL��0'��3K'� 1HXURQFRORJ\�8QLW�� ,5&&6�0RQGLQR�)RXQGDWLRQ��3DYLD� ,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

'DQLHOH�0DUWLQHOOL��0'� 'HSW��RI�%UDLQ�DQG�%HKDYLRXUDO�6FLHQFHV��8QLYHUVLW\�
RI�3DYLD��3DYLD��DQG�+HDGDFKH�6FLHQFH�DQG�
1HXURUHKDELOLWDWLRQ�&HQWHU��,5&&6�0RQGLQR�
)RXQGDWLRQ��3DYLD��,WDO\�

$QGUHD�&DOYR��0'��3K'� &HQWUR�5HJLRQDOH�(VSHUWR�SHU�OD�6FOHURVL�/DWHUDOH�
$PLRWURILFD�'LSDUWLPHQWR�GL�1HXURVFLHQ]H�8Rita�/HYL�
Montalcini9 Università degli Studi diTorino AOU Città 
GHOOD�6DOXWH�H�GHOOD�6FLHQ]D�GL�7RULQR�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

�

�
,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�

VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�
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1DPH� /RFDWLRQ� &RQWULEXWLRQ�

0DVVLPLOLDQR�)LORVWR��0'��3K'� 'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�6FLHQFHV��
8QLYHUVLW\�RI�%UHVFLD��1H02�%UHVFLD�&OLQLFDO�&HQWHU�IRU�
1HXURPXVFXODU�'LVHDVHV��%UHVFLD�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

$OHVVDQGUR�3DGRYDQL��0'��3K'� 'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�6FLHQFHV��
8QLYHUVLW\�RI�%UHVFLD��8QLW�RI�1HXURORJ\��$667�6SHGDOL�
&LYLOL��%UHVFLD�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

6WHIDQR�&RWWL�3LFFLQHOOL��0'� 'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�6FLHQFHV��
8QLYHUVLW\�RI�%UHVFLD��8QLW�RI�1HXURORJ\��$667�6SHGDOL�
&LYLOL��%UHVFLD�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

&ODXGLD�5LFFL��06��3K'� 'HSDUWPHQW�RI�0HGLFDO��6XUJLFDO�DQG�1HXURORJLFDO�6FLHQFHV�� 'DWD�FROOHFWLRQ�LQ�VWXG\�VLWH�

8QLYHUVLW\�RI�6LHQD��6LHQD�

6WHIDQLD�'DOOD�*LDFRPD��0'� 'HSDUWPHQW�RI�0HGLFDO��6XUJLFDO�DQG�1HXURORJLFDO�6FLHQFHV��
8QLYHUVLW\�RI�6LHQD��6LHQD�

1LFROHWWD�'H�$QJHOLV��0'� 'HSDUWPHQW�RI�0HGLFDO��6XUJLFDO�DQG�1HXURORJLFDO�6FLHQFHV��
8QLYHUVLW\�RI�6LHQD��6LHQD�

0DXUL]LR�,QJKLOOHUL��0'��3K'� 'LSDUWLPHQWR�GL�1HXURVFLHQ]H�8PDQH�8QLYHUVLWj�GL�5RPD�
8Sapienza9 UOSD Malattie�1HXURGHJHQHUDWLYH��&HQWUR�
0DODWWLH�5DUH��1HXURPXVFRODUL�3ROLFOLQLFR�8QLYHUVLWDULR�
8PEHUWR�,�

5RVVHOOD�6SDWDUR��0'��3K'� $/6�&OLQLFDO�5HVHDUFK�&HQWHU��$283�8P�Giaccone9,�
8QLYHUVLW\�RI�3DOHUPR��3DOHUPR�

9LQFHQ]R�/D�%HOOD��0'��3K'� $/6�&OLQLFDO�5HVHDUFK�&HQWHU��$283�8P�Giaccone9,�
8QLYHUVLW\�RI�3DOHUPR��3DOHUPR�

*LDQFDUOR�/RJURVFLQR��0'��3K'� &HQWHU�IRU�1HXURGHJHQHUDWLYH�'LVHDVHV�DQG�WKH�$JLQJ�

�
,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�

VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�
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,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�

VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�

&KULVWLDQ�/XQHWWD��0'� %UDLQ��'HSDUWPHQW�RI�&OLQLFDO�5HVHDUFK�LQ�1HXURORJ\�RI�
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1HXURVFLHQFH� DQG� 6HQVH�2UJDQV�� 8QLYHUVLW\� $OGR�0RUR�
%DUL�

VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

&HQWUR�&OLQLFR�1H02�0LODQR�� )RQGD]LRQH�6HUHQD�21/86� ,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

&ODXGLD�7DUODULQL��%LRO'� &HQWUR�&OLQLFR�1H02�0LODQR��)RQGD]LRQH�6HUHQD�21/86� 'DWD�FROOHFWLRQ�DW�VWXG\�VLWH�

-HVVLFD�0DQGULROL��0'� 'HSDUWPHQW�RI�%LRPHGLFDO��0HWDEROLF�DQG�1HXUDO�6FLHQFHV��
8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��0RGHQD��,WDO\��
'HSDUWPHQW�RI�1HXURVFLHQFHV��$]LHQGD�2VSHGDOLHUR��
8QLYHUVLWDULD�'L�0RGHQD��0RGHQD��,WDO\�

,ODULD�0DUWLQHOOL��0'� 'HSDUWPHQW�RI�1HXURVFLHQFHV��$]LHQGD�2VSHGDOLHUR��
8QLYHUVLWDULD�'L�0RGHQD��0RGHQD��,WDO\��&OLQLFDO�DQG�
([SHULPHQWDO�0HGLFLQH�3K'�3URJUDP��8QLYHUVLW\�RI�
0RGHQD�DQG�5HJJLR�(PLOLD��0RGHQD��,WDO\��

&HFLOLD�6LPRQLQL��%LRO'� 'HSDUWPHQW�RI�1HXURVFLHQFHV��$]LHQGD�2VSHGDOLHUR��
8QLYHUVLWDULD�'L�0RGHQD��0RGHQD��,WDO\�

(OLVDEHWWD�=XFFKL��0'� 'HSDUWPHQW�RI�1HXURVFLHQFHV��$]LHQGD�2VSHGDOLHUR��
8QLYHUVLWDULD�'L�0RGHQD��0RGHQD��,WDO\��1HXURVFLHQFH�
3K'�3URJUDP��8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��

0RGHQD��,WDO\�

0DULD�5RVD�0RQVXUUz��0'� 'HSDUWPHQW�RI�$GYDQFHG�0HGLFDO�DQG�6XUJLFDO�6FLHQFHV��
8QLYHUVLW\�RI�&DPSDQLD�8Luigi�Vanvitelli9,�1DSOHV�

'DULR�5LFFLDUGL��0'� 'HSDUWPHQW�RI�$GYDQFHG�0HGLFDO�DQG�6XUJLFDO�6FLHQFHV��
8QLYHUVLW\�RI�&DPSDQLD�8Luigi�Vanvitelli9,�1DSOHV�

)UDQFHVFD�7URMVL��0'��3K'� 'HSDUWPHQW�RI�$GYDQFHG�0HGLFDO�DQG�6XUJLFDO�6FLHQFHV��
8QLYHUVLW\�RI�&DPSDQLD�8Luigi�Vanvitelli9,�1DSOHV�
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�
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1DPH� /RFDWLRQ� &RQWULEXWLRQ�

1LOR�5LYD��0'��3K'� 1HXURORJ\�8QLW��1HXURUHKDELOLWDWLRQ�8QLW�DQG�
1HXURSK\VLRORJ\�8QLW��9LWD�6DOXWH�6DQ�5DIIDHOH�
8QLYHUVLW\�DQG�6DQ�5DIIDHOH�6FLHQWLILF�,QVWLWXWH��0LODQ��
,WDO\�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

0DVVLPR�)LOLSSL��0'��)($1��
)$$1�

1HXURORJ\�8QLW��1HXURUHKDELOLWDWLRQ�8QLW�DQG�
1HXURSK\VLRORJ\�8QLW��9LWD�6DOXWH�6DQ�5DIIDHOH�
8QLYHUVLW\�DQG�6DQ�5DIIDHOH�6FLHQWLILF�,QVWLWXWH��0LODQ��
,WDO\�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

,VDEHOOD�/DXUD�6LPRQH��0'� 1HXURORJ\�8QLW��'HSDUWPHQW�RI�%DVLF�0HGLFDO�6FLHQFHV��
1HXURVFLHQFHV�DQG�6HQVH�2UJDQV��8QLYHUVLW\�RI�%DUL�

*LDQQL�6RUDU���0'��3K'� 0RWRU�1HXWRQ�'LVHDVH�&HQWHU��'HSDUWPHQW�RI�
1HXURVFLHQFHV��$]LHQGD�2VSHGDOH�8QLYHUVLWj�GL�3DGRYD�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

&ULVWLQD�6SHUD��0'� $]LHQGD�2VSHGDOLHUD� 8S�Maria9�7HUQL� ,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

/XFLD�)ORULR��0'��3K'� 1HXURORJ\�'HSDUWPHQW��)RQGD]LRQH�,5&&6�&DVD�6ROOLHYR�
GHOOD�6RIIHUHQ]D��6DQ�*LRYDQQL�5RWRQGR��)*��

6RQLD�0HVVLQD��0'��3K'� 'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH�
8QLYHUVLW\�RI�0HVVLQD�

0DVVLPR�5XVVR��0'��3K'� 'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH�
8QLYHUVLW\�RI�0HVVLQD�

*DEULHOH�6LFLOLDQR��0'� 'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH��
8QLYHUVLW\�RI�3LVD��3LVD��,WDO\��

$PHOLD�&RQWH��0'� &HQWUR�&OLQLFR�1(02�)RQGD]LRQH�3ROLFOLQLFR�8QLYHUVLWDULR�
$��*HPHOOL�,5&&6�
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VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

0DULD�9DOHULD�6DGGL��0'� 1HXURORJ\�'HSDUWPHQW��6DQ�)UDQFHVFR�+RVSLWDO��1XRUR� ,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

1LFROD�&DUERQL��0'� 1HXURORJ\�'HSDUWPHQW��6DQ�)UDQFHVFR�+RVSLWDO��1XRUR� ,GHQWLILFDWLRQ�RI�SDWLHQWV��GDWD�FROOHFWLRQ�DW�
VWXG\�VLWH��UHYLVLRQ�RI�ILQDO�GUDIW�

/HWL]LD�0D]]LQL��0'� $/6�([SHUW�&HQWHU� 8Maggiore�GHOOD�Carità9�+RVSLWDO�DQG�
8QLYHUVLW\�RI�3LHPRQWH�2ULHQWDOH��1RYDUD�

$OO�DXWKRUV�FRQWULEXWHG�WR�WKH�UHYLVLRQ�RI�WKH�PDQXVFULSW�DQG�DFFHSWHG�WKH�ILQDO�YHUVLRQ��
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6WXG\�FRQFHSWLRQ��SURMHFW�FRRUGLQDWRU��ILUVW�
DQG�ILQDO�GUDIW�
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*DEULHOH�(QLD��$QGUHD�=XFFKHOOD��/RUHQ]R�3LQ]DQL��/RUHQD�'H�*LRUJL��&HOHVWH�1LFROHWWL��(OLVD�6HPSUXFFL��(PLOLR�'DYLGH�$ULSSRO��*LRUJLD�*LXVVDQL�
�0LODQR��,WDO\���0RQLFD�*UD]LDQL��&LQ]LD�)HUUDUL��5REHUWR�&DQWHOOR��1RYDUD��,WDO\���(QULFD�%HUVDQR��0LODQR��,WDO\���&ULVWLQD�'ROFLRWWL��6LOYLD�0DULD�
0DVFLDQGDUR��,ODULD�'D�3UDWR��3LVD��,WDO\���&RUUDGR�&DERQD��*LXVHSSH�0HR��*HQRYD��,WDO\���0DXUR�&HURQL��%HDWULFH�'DO�)DEEUR��3DYLD��,WDO\���
$GULDQR�&KLz��&ULVWLQD�0RJOLD��8PEHUWR�0DQHUD��*LXVHSSH�)XGD��)HGHULFR�&DVDOH��*LRYDQQL�'H�0DUFR��3DROLQD�6DODPRQH��7RULQR��,WDO\���)DELR�
*LDQQLQL��6LOYLD�%RFFL��6LHQD��,WDO\���0DUFR�&HFFDQWL��&KLDUD�&DPELHUL��/DXUD�/LERQDWL��)HGHULFD�0RUHW��9LWWRULR�)UDVFD��5RPD��,WDO\���7L]LDQD�&ROHWWL�
�3DOHUPR��,WDO\���5RVDQQD�7RUWHOOL��5RVD�&DSR]]R��/HFFH��,WDO\���)UDQFHVFD�*HUDUGL��9DOHULD�6DQVRQH��0LODQR��,WDO\���1LFROD�)LQL��*LXOLD�*LDQIHUUDUL��
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