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Abstract

:

Background: Neurological disorders, particularly those associated with aging, pose significant challenges in early diagnosis and treatment. The identification of specific biomarkers, such as platelets (PLTs), has emerged as a promising strategy for early detection and intervention in neurological health. This systematic review aims to explore the intricate relationship between PLT dynamics and neurological health, focusing on their potential role in cognitive functions and the pathogenesis of cognitive disorders. Methods: Adhering to PRISMA guidelines, a comprehensive search strategy was employed in the PubMed and Scholar databases to identify studies on the role of PLTs in neurological disorders published from 2013 to 2023. The search criteria included studies focusing on PLTs as biomarkers in neurological disorders, their dynamics, and their potential in monitoring disease progression and therapy effectiveness. Results: The systematic review included 104 studies, revealing PLTs as crucial biomarkers in neurocognitive disorders, acting as inflammatory mediators. The findings suggest that PLTs share common features with altered neurons, which could be utilised for monitoring disease progression and evaluating the effectiveness of treatments. PLTs are identified as significant biomarkers for detecting neurological disorders in their early stages and understanding the pathological events leading to neuronal death. Conclusions: The systematic review underscores the critical role of PLTs in neurological disorders, highlighting their potential as biomarkers for the early detection and monitoring of disease progression. However, it also emphasises the need for further research to solidify the use of PLTs in neurological disorders, aiming to enhance early diagnosis and intervention strategies.
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1. Introduction


Neurocognitive disorders constitute a broad category of mental health disorders that primarily affect cognitive functions, including memory, attention, perception, problem-solving, and language [1]. The onset can be ascribed to various factors, including neurological damage, brain injury, genetic factors, or underlying medical conditions, significantly impairing an individual’s ability to think, remember, learn, and carry out daily activities [2].



Although Alzheimer’s disease (AD) accounts for the majority of neurocognitive cases, other disorders are also included in this category, such as frontotemporal degeneration (FTD), vascular dementia (VD), Huntington’s disease (HD), traumatic brain injury (TBI), Parkinson’s disease (PD), delirium, and mild cognitive impairment (MCI) [3].



Neurodegenerative disorders are significantly associated with an aging population [4]. As people age, they undergo cellular changes that can contribute to the development of these conditions [5]. For instance, certain cells become less efficient and accumulate waste products, leading to inflammation and damage [6]. Over time, these damaged cells can die off, causing further harm to the brain [3,7]. Moreover, aging also affects the immune system, which plays a crucial role in preventing neurodegeneration [8]. As we age, the immune system becomes less effective at clearing away abnormal proteins that can build up and accumulate in the brain, contributing to the development of neurodegenerative diseases [9].



However, it is important to note that, while aging is a major factor in the increased prevalence of neurodegenerative diseases, it does not guarantee that an individual will develop one of these conditions [4]. Many older individuals remain healthy and free of these diseases throughout their lives. Other factors, including genetic predisposition, environmental influences, overall health status, and lifestyle factors such as diet, exercise, and stress levels, also play critical roles in determining whether an individual will develop such a condition [10].



The increase in the global aging population brings about rising healthcare expenditures due to the prevalence of neurodegenerative disorders [11]. Healthcare expenditures are substantial and include costs for diagnosis, treatment, caregiving, and long-term care facilities [12,13].



The main challenge is to reach early diagnosis through the identification of specific biomarkers that can help perform the early identification of vulnerable individuals and intervene with effective treatments.



This necessity has led researchers to shift their focus from the central nervous system (CNS) to other body systems, such as peripheral blood, in the study of neurodegenerative disorders [14]. Although neurocognitive conditions have traditionally been identified as pathologies affecting the neuronal sphere, with all studies and diagnoses focused on the CNS, the past few years have seen a shift from this neuro-centric vision [15,16]. Evidence revealed that the characteristic hallmarks of pathologies affecting neuronal cells can be identified in both neurons and peripheric cells [17,18,19,20,21] and that also other systems, outside the CNS, take part in the pathogenic process of neurocognitive disorders. Furthermore, neuroinflammation [22,23,24,25] as well as environmental factors and thus microorganisms and viruses, have been involved in the pathogenesis of neurodegenerative disorders [26,27]. Therefore, the peripheral system has become a new field of study for various neurological pathologies, providing relevant data in both sera and peripheral cells [3]. The observation of pathologic hallmarks in peripheral cells opened a new era in the research for diagnostic and prognostic markers [28,29]. CNS is a difficult seat on which to conduct a study, while peripheral blood is an easily accessible source through no invasive method and it is a useful tool to study and perform the diagnosis of these pathologies [30]. However, it remains to be clarified whether peripheric alterations only reflect the damage present in the central nervous system or are a part of the pathologic process [31].



Among all the biomarkers studied, platelets (PLTs) showed a surprising role and involvement in the pathogenesis of cognitive disorders [32].



PLTs are fragmented cells derived from megakaryocytes. Human PLTs present a diameter that ranges from 1 to 5 μm, depending on their physiological functions as well as their number, usually comprising between 150.000 and 400.000/μL of blood [33].



Although anucleate, PLTs are equipped with complete cytoplasm, including mitochondria, messenger ribonucleic acid (mRNA), and secretory vesicles, such as lysosomes, dense granules, and α-granules, and are able to maintain and process nucleic acids based on environmental influences [34,35,36]. PLTs are usually associated with their role in the haemostatic process, whereby they initiate clotting following endothelial disruption or tissue injury [37,38]. However, the rich content of mediators present within their granules, which are released upon specific stimuli, as well as the large number of receptors identified on their surface, reveal that these fragmented cells participate in numerous systemic pathways that extend far beyond the coagulation process [39]. Leiter and Walker in their review effectively summarised all the functions ascribed to PLTs, such as abilities in tissue remodelling, brain plasticity, neurotrophic factors secretion, synaptic plasticity, exosome secretion and inflammation, and an involvement in cross talk between central nervous system and periphery [34]. All these findings show that PLTs are important in homeostatic maintenance and also reveal their possible implication in neuropathological disorders when their functions are altered [40].



In this work, through a systematic review of the last ten years, we aimed to investigate the role of PLTs in neurocognitive disorders paying particular attention to AD, FTD, VD, HD, TBI, PD, delirium, and MCI, to deepen the role that these fragmented cells play and in which way their alteration can be used as biomarkers as well as the therapeutic target.




2. Materials and Methods


2.1. Search Strategy and Selection Criteria


Following the PRISMA guidelines and adhering to the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) criteria [41,42,43], this systematic review was conducted from 10 December 2023 to 10 January 2024. An extensive search was carried out across PubMed, Scopus, and Web of Science databases. The search strategy involved utilising keywords such as “Neurodegenerative diseases”, “Aging”, “Cellular changes”, “Inflammation”, “Damage”, “Immune system”, “Abnormal proteins”, “Lifestyle factors”, “Genetic predisposition”, “Environmental influences”, “Health status”, “Biomarkers”, “Platelets (PLTs)”, “Cognitive disorders”, “Neuroinflammation”, “Peripheral blood”, “Pathologic process”, “Systematic review”, “Alzheimer’s disease (AD)”, “Frontotemporal degeneration (FTD)”, “Vascular dementia (VD)”, “Huntington’s disease (HD)”, “Traumatic brain injury (TBI)”, “Parkinson’s disease (PD)”, “Delirium”, and “Mild cognitive impairment (MCI)” to precisely define the scope of the literature. The inclusion criteria involved the exploration and reporting of the aforementioned factors in patients. Literature was excluded if it fell into categories such as review articles, pre-2013 publications, or non-English language articles. Additional relevant material was sought by screening the reference lists of the identified literature and previous review articles. The exclusion criteria were carefully applied, encompassing materials such as abstracts, letters, reviews, case reports, etc. Studies with insufficient data for comprehensive analysis were omitted. In cases where multiple publications originated from the same cohort, only the most recent report was included for our meta-analysis.




2.2. Data Collection and Quality Assessment


The literature satisfying our eligibility criteria and incorporated into this review underwent data extraction by the authors. The key data points comprised details of the study (author and date), study design, total number of patients, their diagnoses, specific outcomes measured, and study results. The assessment of the literature incorporated in this review aligned with the GRADE criteria, which assesses the quality of evidence and provides recommendations for use [41,44,45]. These criteria encompass the quality of the methodology, directness of evidence, heterogeneity, precision of effect estimates, and the potential for publication bias. This resulted in assigning a level of evidence and recommendation for use, categorised as high, moderate, or low.





3. Results and Discussion


3.1. Literature Search and Study Characteristics


The implementation of the search strategy yielded a total of 1770 records initially identified as relevant to the research question. After removing duplicate records in EndNoteX9, the titles and abstracts of 1635 records were screened against the inclusion and exclusion criteria. At this stage, 869 records were excluded, leaving 766 records for the full-text assessment of eligibility. Among these, 215 articles were excluded for being review articles, studies conducted on animal or cellular models, or published in a non-English language. Consequently, 104 full-text articles were deemed relevant and included in the qualitative and quantitative analysis of this systematic review, as reported in Figure 1.




3.2. Summary of Platelet–Neurocognitive Disorder Relationships


This systematic review aimed to investigate the intricate role of PLTs in neurocognitive disorders paying particular attention to AD, FTD, VD, HD, TBI, PD, delirium, and MCI. All these pathologies are connected by a common thread, represented by cognitive decline that can be ascribed to various conditions, such as the accumulation of misfolded proteins (AD and PD) [47,48,49], triplet expansion (HD) [50], or to other medical conditions such as what happens in delirium [51,52]. In this expansive landscape, increasing evidence supports the strong relationship between neurocognitive disorder and vascular systems [53,54] in which PLTs seem to play a role in triggering inflammatory processes by releasing mediators that in turn attract from blood circulation other inflammatory cells which, by accumulating in the blood–brain barrier, concur to alter its integrity [34]. This evidences how the CNS, considered for long time an immune privileged seat, is subjected to the immune system action, which contributes to neuronal damage triggering neuroinflammatory processes. In addition, it is widely demonstrated that PLTs share molecular alterations common to those reported in neurons, such as accumulation and the release of mutant proteins [55,56,57], the alteration of lipid homeostasis, the alteration of mitochondrial function, oxidative stress, and so on [58,59,60]. All these findings lead to consider PLTs as the closest peripheral neuronal-like cellular system useful to study neurological disorders [61]. In this view, PLTs appear to have a dual role: (i) as the orchestrator in the complex mechanisms that lead to brain damage and thus, neuronal loss and memory deficits [61,62,63] and (ii) as peripheral biomarkers, that can be used to monitor disease progression and therapeutic efficacy. All these functions will be described below for each pathology.




3.3. Unlocking the Role of Platelets in Alzheimer’s Disease


Alzheimer’s disease (AD) is a complex and multifactorial neurodegenerative disorder, representing the most common type of dementia [62]. Currently, approximately 47 million people are affected by dementia, a number projected to reach 131 million by 2050 [32]. A distinctive feature of AD in the brain is that of cortical atrophy, predominantly in the medial temporal lobe, while at the microscopic level, damaged tissues exhibit the combined presence of extracellular amyloid plaques, composed of beta-amyloid peptides (Aβ), and intraneuronal neurofibrillary tangles, composed of tau protein. Both of these components consist of highly insoluble and densely packed filaments [64]. Recent evidence emphasises that pathologies affecting the neuronal sphere, including AD, result from a pathological process in which not only neuronal cells but also the nervous system participate in the pathogenesis and progression of the disease [25,32,63,65]. In this regard, various studies conducted on blood samples have revealed the involvement of peripheral cells, including PLTs, which seem to share a biochemical alteration typical of neurons in AD, such as increased β-secretase activity and the amyloidogenic processing of the amyloid precursor protein. They also appear to play a role in the pathological process of AD [61]. It has been widely demonstrated that PLTs contain high levels of Amyloid Precursor Protein (APP), and that both APP and Aβ are stored in the α-granules of PLTs, released upon their activation [66]. Researchers have extensively studied the presence of APP and Aβ in PLTs to gain diagnostic and prognostic insights into AD. In [19], it was demonstrated that the levels of Aβ42, a toxic peptide derived from APP, showed a positive correlation with the platelet count in AD patients. Furthermore, these levels were associated with disturbed mitochondrial respiration in the PLTs of individuals with AD [67]. These findings emphasise the potential of platelet-related parameters as markers for AD progression. The exploration of APP in PLTs has extended to comparative analyses among AD patients, individuals with mild cognitive impairment (MCI, an early stage of AD), and healthy controls. This comprehensive examination has yielded intriguing data that could serve as foundational elements for developing diagnostic processes. Jelic et al., utilising a monoclonal antibody capable of detecting the N-terminal part of AβPP, identified two distinct AβPP patterns: 130 kDa and 105 kDa species, already documented in the literature, and a novel 115 kDa AβPP form. Significantly, the 115 kDa AβPP species exhibited a notable increase in the PLTs of individuals with mild cognitive impairment and AD compared to control subjects. Notably, they discovered a correlation between the abundance of the 115 kDa AβPP species and Mini-Mental State Examination scores [57]. This correlation suggests that, with further investigation, the 115 kDa AβPP species could potentially serve as a diagnostic marker for preclinical stages of AD. This line of research holds promise for advancing diagnostic approaches in the early detection and monitoring of AD.



Another study directed its research towards examining mRNA expression, specifically focusing on the total APP and the Kunitz-type serine protease inhibitor domain of APP (APP KPI) in PLTs. The study involved participants from various groups, including control subjects, individuals affected by AD, and those with Frontotemporal Lobar Dementia (FTLD) [68].



The findings from their investigation revealed a noteworthy upregulation of both the total APP and APP KPI in the PLTs of patients with both AD and FTLD when compared to control subjects. This differential gene expression suggests a potential role of these APP components in the pathophysiology of both neurodegenerative conditions. Furthermore, the study delved into the correlation between APP mRNA expression levels and cognitive impairment. Intriguingly, a statistically significant positive correlation was only observed in AD patients. This emphasises the potential utility of assessing APP mRNA expression levels in PLTs as a biomarker specifically associated with cognitive impairment in the context of AD.



This study contributes valuable insights into the molecular mechanisms underlying neurodegenerative disorders. The APP amyloid precursor protein ratio 120–130/110 kDa fragments (APPr) in PLTs has been a widely scrutinised parameter, with a majority of studies conducted in the Caucasian population. These studies consistently reveal a significant decrease in APPr in PLTs derived from AD patients and those with MCI when compared to healthy subjects [69]. Srisawat et al. conducted a similar study in an Asian population, specifically among Taiwanese individuals [70]. Interestingly, their findings showed a statistically insignificant decrease in APPr in AD patients compared to the control group. This led the researchers to conclude that APPr might have limited utility in this particular cohort of patients, highlighting potential ethnic or regional variations in the relevance of this parameter. Beyond its role in discriminating AD patients from healthy subjects, APPr has been investigated for its potential in monitoring the effectiveness of cognitive training protocols [71]. The data obtained from this study are noteworthy, suggesting that APPr could serve as a valuable tool for assessing the efficacy of cognitive interventions. Furthermore, the findings raise the intriguing possibility that APPr might also be employed to monitor the effectiveness of drug treatments, offering a novel avenue for evaluating therapeutic outcomes in the context of neurodegenerative disorders. Marksteiner and their research group utilised APP to develop and validate an assay for secreted amyloid-precursor protein (sAPP)-α and -β in PLTs obtained from subjects with AD and MCI, comparing them to both healthy young and old controls [56]. The study revealed that sAPP-β levels in individuals with MCI and AD were significantly elevated in comparison to those in the control groups. This investigation underscores the potential of sAPP-β as a biomarker, providing valuable insights into the pathophysiological changes associated with neurodegenerative conditions. The elevation of sAPP-β levels in MCI and AD subjects suggests its potential utility in distinguishing individuals with cognitive impairment from healthy controls. Such assays contribute to the ongoing efforts in developing diagnostic tools and markers that can aid in the early detection and differentiation of neurodegenerative disorders. Evidence suggests that altered APP processing occurs before clinical manifestations in AD patients with mutations associated with the autosomal dominant form of the disease [72]. This observation highlights the potential of APP isoforms in PLTs as surrogate biomarkers for assessing disease progression and treatment effectiveness. In pursuit of this objective, a study conducted an evaluation of the TDP-43 profile in PLTs. Their findings mirrored those observed in the study of APP, suggesting a correlation between TDP-43 alterations and the pathological processes associated with AD [73]. This parallelism in results strengthens the hypothesis that APP isoforms in PLTs could indeed serve as valuable indicators for monitoring disease progression and treatment response. The exploration of TDP-43 in PLTs adds another layer of complexity to the understanding of molecular changes in neurodegenerative disorders. The convergence of findings with APP studies further supports the potential utility of PLT-based assessments in offering insights into the early stages of AD.



APP undergoes proteolytic processing by three enzymes: α-secretase, β-secretase, and γ-secretase. Beta-site APP-cleaving enzyme 1 (BACE1) functions as the β-secretase, while A-disintegrin and metalloprotease 10 (ADAM10), a member of the ADAM family, is associated with α-secretase activity. Additionally, presenilin-1 (PSEN1) is a component of the γ-secretase complex. Investigations into these enzymes in PLTs obtained from AD patients and control groups aim to explore their potential as biomarkers for AD [74].



A study reported a statistically significant decrease in ADAM10 (52.5%, p < 0.0001) and PSEN1 (32%, p = 0.02) levels in PLTs from AD patients compared to controls. They further highlighted that a combination of ADAM10, BACE1, and PSEN1 protein levels demonstrated good accuracy in discriminating AD from controls [43]. However, these findings are in contrast to other studies [75]. Decourt et al. reported a significant reduction in BACE1 levels in AD compared to healthy controls [76], and in a separate study, the mRNA levels of ADAM10 were not significantly different among AD, MCI, and healthy controls [77]. Despite conflicting results, there are consistent data correlating ADAM10 levels with cognitive tests, indicating its potential use as a biomarker to discriminate AD from controls [78,79].



These discrepancies in findings may arise from variations in sample populations, methodologies, or disease stages, emphasising the need for further research and standardisation in assessing these enzymes as potential biomarkers for AD.



It is crucial to acknowledge that the isolation of PLTs, sample size, and various treatments can potentially influence the data obtained. Therefore, larger and more comprehensive studies are essential to ensure the reliability and generalisability of findings in the context of AD.



While the pathology of APP and Aβ appears to be well established, the role of tau protein in AD remains poorly understood. Sarg et al. demonstrated that the tau protein is expressed in human PLTs in very low concentrations and primarily in a fragmented form. They observed a reduction in tau protein in AD patients compared to healthy subjects, emphasising the high heterogeneity of this protein, which may limit its use as a biomarker for AD [66]. In a separate study, another research group investigated tau protein and identified two forms: High-Molecular-Weight (HMW) and Low-Molecular-Weight (LMW) tau. They found an increase in HMW tau, while the second form, LMW tau, decreased. Additionally, they calculated the tau ratio between these two oligomers, suggesting that the HMW/LMW tau ratio could serve as a valuable biomarker for AD. This ratio was associated with measures of disease severity and pathology, indicating its potential as an indicator for the progression of AD [20]. These findings highlight the complexity and heterogeneity of tau protein in PLTs.



In recent years, inflammation has been identified as a crucial process contributing to AD pathogenesis. PLTs have emerged as active participants in this inflammatory process, leading to investigations into various PLTs parameters. One research group utilised atomic force microscopy to characterise PLTs, identifying specific characteristics that allowed for the differentiation of patients affected by AD, amyotrophic lateral sclerosis, and Parkinson’s disease [80]. A similar study conducted by Wiest and their group focused on the comparison of PLTs’ characteristics between individuals with AD and normal subjects [81]. On the contrary, Tirozzi et al. did not observe any significant correlation between the PLTs’ parameters and the risk of developing AD [82]. However, Koc et al. reported a significant increase in Mean Platelet Volume (MPV) in AD patients compared to the controls [83]. Notably, using MPV, they also found differences between the moderate and mild Mini-Mental State Examination (MMSE) groups, suggesting a potential association between MPV and cognitive decline in AD. Additionally, MPV was found to be higher in Aβ-positive patients compared to Aβ-negative controls [84], aligning with previous studies indicating an increased MPV in AD. These findings collectively underscore the intricate relationship between PLT parameters and AD, highlighting certain characteristics, especially MPV, as potential indicators of disease presence, severity, and cognitive decline.



PLT parameters serve as a reflection of their activity, and the identification of alterations in these parameters underscores their potential role in AD. However, it is important to note that further investigations are warranted, considering that PLT activity can be influenced by various drugs and other conditions that may induce inflammatory responses.



In addition to traditional PLTs parameters, researchers have explored the expression of adenosine A2A, an endogenous neuromodulator known to regulate synaptic plasticity. This neuromodulator has been implicated in memory deficits associated with AD. The elevation of A2A in the brains of AD patients is a well-established finding. Merighi et al. extended this understanding by demonstrating that PLTs from AD patients exhibit the same alteration in A2A expression [85]. This connection between A2A dysregulation in both the brain and PLTs highlights the potential of PLTs as a peripheral model to study the aspects of AD pathology.



The investigation into neuromodulators in PLTs provides insights not only into the systemic changes associated with AD, but also into the potential mechanisms underlying cognitive deficits.



A broad spectrum of PLT parameters has been investigated in AD, revealing a correlation between neuronal and PLT characteristics. In addition to the previously discussed data focusing on APP, tau, and Aβ, alterations in lipid metabolism, known to be disrupted in neuropathological diseases, including AD, have been observed in PLTs [55,86]. These lipid alterations exhibit specific differences that can aid in distinguishing individuals with AD from normal controls.



Furthermore, a study highlighted a correlation between the specific variants of apolipoprotein E (APOE) and mitochondrial activity by studying cytochrome oxidase [87]. APOE is a well-known genetic risk factor for AD, and this study suggests a link between APOE variants and mitochondrial function in PLTs. Moreover, the APOE4 variant in PLTs have also been correlated with the acceleration of cerebrovascular injury and cognitive decline [88].



Understanding these relationships may provide valuable insights into the mechanisms underlying AD pathogenesis and the potential role of PLTs in reflecting systemic alterations associated with the disease.



The exploration of lipid metabolism and mitochondrial activity in PLTs contributes to the comprehensive understanding of the peripheral manifestations of AD. These investigations not only aid in distinguishing AD from normal controls but also offer potential avenues for identifying biomarkers and therapeutic targets.



In conclusion, based on research conducted over the last decade, PLTs emerge as an intriguing source for the pathological signature of AD. Through miRNA analysis [89,90], proteomic assays [91,92], and the evaluation of serotonin (5-HT) uptake [32,93,94], a diverse array of potential AD biomarkers has been identified [95,96]. Additionally, other studies indicate that PLTs may reflect apoptotic events occurring in neurons [97].



The literature suggests that PLTs serve as a reliable and non-invasive tool that mirrors neuropathological alterations present in neurons. The findings highlight the potential of PLTs to be representative of the molecular changes associated with AD. Future studies could benefit from more specific comparisons, not only between AD and healthy subjects but also including patients who share pathological signatures with AD. This approach may aid in the identification of specific biomolecular markers crucial for early diagnosis. One intriguing question that arises from the literature is whether the modifications observed in PLTs are a consequence of AD or whether PLTs play a more direct role in the neuropathology of the disease. The answer to this question holds potential implications for our understanding of the disease mechanisms and may open new avenues for therapeutic interventions. Further research is warranted to unravel the intricate relationship between PLTs and AD pathophysiology and to explore the possibility that PLTs may act as active players in the development and progression of AD (Table 1 and Table 2).




3.4. Role of Platelets in Parkinson’s Disease Pathogenesis and Biomarker Discovery


Parkinson’s Disease (PD) presents a challenging landscape in neurodegenerative research, and recent investigations highlight PLTs as pivotal players in its intricate pathogenesis. This chapter delves into the multifaceted interactions between PLTs and PD, elucidating their contributions to inflammation, neuroinflammation, potential biomarker discovery, and cognitive decline. Through a comprehensive exploration, this chapter aims to provide a nuanced understanding of the nuanced relationships between PLTs and PD [98].



PLTs are orchestrators of inflammation and neuroinflammation. PLTs, conventionally recognised for their haemostatic roles, emerge as key contributors to inflammatory processes in PD [53]. Upon activation, PLTs unleash a cascade of inflammatory molecules, thereby intensifying systemic inflammation. In the context of neurodegenerative diseases like PD, this heightened inflammation becomes a driving force for neuronal damage, subsequently propelling disease progression [99]. Furthermore, PLTs, upon activation, release neurotrophic factors crucial for neuronal survival and growth [100]. Yet, an intricate balance must be maintained, as an aberrant activation–deactivation equilibrium may result in an overproduction of neurotrophic factors, potentially contributing to neuronal death in PD [101]. Beyond this, PLTs also play a role in neural plasticity, a critical facet of learning and memory, through serotonin release [102]. This dual role of PLTs in both recovery from brain injury and potential contribution to neurodegeneration underscores their complexity in the context of PD [103].



Recent studies emphasise PLTs as promising sources for biomarker discovery in PD. The application of RNA sequencing on PLTs from PD patients and healthy controls has unveiled myriad differentially expressed genes. Among these, MALAT1, EEF1A1, and CTSS have been implicated in PD. Gene ontology analyses underscore inflammation-related pathways, suggesting that PLTs RNA profiling stands as a promising avenue for not only understanding PD’s pathogenesis but also unearthing potential biomarkers [104].



The utility of PLTs as cellular models for neurological diseases, given their similarities in 5-HT accumulation mechanisms with dopaminergic neurons, has become a key avenue of exploration. Studies involving freshly isolated blood PLTs from PD patients, control individuals, and those with Parkinsonism have unearthed intriguing findings. PD patients displayed a marked decrease in 5-HT content and uptake, along with compromised thrombin-induced release in PLTs. This impairment was notably absent in most Parkinsonism cases, highlighting a potential biomarker for PD. This defect in PLTs function not only hints at subclinical PD detection but also provides a platform for evaluating disease-modifying drugs [105].



In-depth investigations into platelet dysfunction in PD patients undergoing preoperative evaluation for deep brain stimulation have revealed abnormalities unrelated to medical history or drug use. Additionally, scrutinising PLTs mitochondrial membrane potential in PD patients has provided valuable insights. While the intact mitochondrial membrane potential in PLTs from PD patients indicates compensatory mechanisms, it also suggests potential subtypes of PD. This emphasises the imperative need to explore various cell types, including PLTs, for a comprehensive understanding of PD pathophysiology [106,107].



A novel therapeutic approach involves purified human PLTs lysate concentrated in neurotrophins as a potential treatment for PD. The enrichment of neurotrophins in this lysate raises the prospect of leveraging PLTs functions to address PD symptoms. However, the experimental nature of this strategy necessitates further research to fully comprehend the underlying mechanisms and evaluate its clinical effectiveness [108].



While exploring platelet-derived extracellular vesicles (PEVs) containing amyloid-beta 1–42 (Aβ1–42), a study found a profound link between an increased PEV-Aβ1–42/PEV ratio and cognitive decline in PD patients with dementia. This not only suggests a potential role for Aβ1–42-containing PEVs as biomarkers for PD dementia but also opens avenues for a deeper understanding of the intricate connections between PLTs and cognitive aspects of PD [109,110].



In conclusion, PLTs emerge as versatile orchestrators in the complex landscape of PD. From their pivotal roles in inflammation and neuroinflammation to their potential as biomarkers and indicators of cognitive decline, PLTs offer valuable insights into the multifaceted nature of PD [111,112]. The diverse array of studies presented underscores the necessity for continued research, unravelling the intricate mechanisms and potential therapeutic avenues involving PLTs in PD [113]. As we navigate the nuanced interplay between PLTs and PD, we inch closer to a more profound understanding that could pave the way for innovative therapeutic interventions (Table 3 and Table 4).




3.5. Architects, Sentinels, and Witnesses in Vascular Dementia Unveiled


In the broad field of neurodegenerative diseases, PLTs have become a focal point, revealing complex relationships between vascular dysfunction and vascular dementia (VaD). This review explores recent studies, detailing the intricate aspects of PLTs’ involvement in these disorders. It covers a range of topics from the regulation of growth factors to the identification of potential biomarkers and innovative therapeutic approaches. These studies collectively highlight the essential role of PLTs in understanding and combating neurodegeneration. Within the extensive landscape of neurodegenerative diseases, the role of PLTs has become a significant area of interest, intricately linking cerebral small-vessel disease (CSVD) and VaD [114].



Each study contributes to the complex puzzle, illuminating the multifaceted involvement of PLTs and their potential as indicators for understanding, diagnosing, and treating these severe conditions [40].



A meticulous investigation was undertaken into the interplay between vascular function, tau positron emission tomography (PET) imaging, and global cognition in the context of AD. This study not only unveiled a significant correlation between soluble platelet-derived growth factor b (sPDGFRb) and tau PET levels but also hinted at a paradigm shift in our approach to AD. Addressing vascular health alongside amyloid and tau levels emerged as a potentially more effective strategy for preserving cognitive function, sparking hope for future diagnostic and therapeutic advancements [115].



A study delved into the subtleties of PLTs’ indices as potential indicators for distinguishing between VaD and AD. Their meticulous exploration revealed a significantly lower MPV and platelet distribution width (PDW) in patients with VaD and AD, opening avenues for novel diagnostic strategies. The correlation between MPV and MMSE scores suggested not only a role in assessing cognitive status but also hinted at the potential of targeting PLTs’ activation for the treatment and prevention of these neurodegenerative diseases [116].



A study led by researchers examining frontal cortical capillary pericytes post mortem shed light on the pivotal role of PLTs in preserving neurovascular integrity. By emphasising the significance of PLTs in regulating the platelet-derived growth factor (PDGF) signalling pathway, the study underscored the intricate interplay between PLT function and PDGF signalling in maintaining the delicate balance of the neurovascular unit. These findings provide a foundation for future research into therapeutic targets for post-stroke dementia and AD [117].



While exploring the connections between diabetes-related vascular risk factors, it was noted that there exists a relationship between PLTs’ indices and neurodegeneration biomarkers in the context of healthy aging and AD. The study hinted at the potential involvement of PLTs in inflammation and neuroinflammation, offering insights into the development and progression of AD. Targeting PLTs function, as observed in diabetes-related conditions, emerged as a promising avenue for the prevention and treatment of vascular dementia, offering hope for future interventions [84].



A study delved into the field of dementia diagnostics, evaluating white blood cell and PLT counts as potential biomarkers. Although the PLT counts did not show statistically significant differences between dementia subtypes, this study recognised the evolving landscape of dementia diagnostics. Conducted using the Sysmex XN-10 Automated Haematology Analyzer, the research contributed to ongoing investigations of biomarkers in dementia diagnostics, highlighting the intricate nature of these conditions [118].



In a multinational effort, researchers investigated the release of amyloid peptides β1–40 and β1–42 by human PLTs in response to various stimuli. Their findings provided a potential link between PLT activation and amyloid-related diseases, particularly AD. The modulation of platelet-dependent Aβ peptide release emerged as a promising therapeutic target, offering insights into strategies aiming to reduce amyloid plaque deposition and slowing disease progression.



In the vast realm of neurodegenerative diseases, the enigmatic role of PLTs has emerged as a focal point, weaving a complex narrative in the context of AD, CSVD, and VaD. This narrative journey unfolds as we delve into a series of studies, each a piece in the intricate puzzle, shedding light on PLTs’ multifaceted involvement and their potential as gateways to understanding, diagnosing, and treating these devastating conditions.



A study clarified that PLTs significantly contribute to the aggregation of amyloid-β in cerebral vessels in the realm of cerebral amyloid angiopathy (CAA). Integrating insights from this study, PLTs take centre stage as orchestrators of fibrillar Aβ aggregates, whose dance is intricately choreographed by the signalling induced by integrin αIIbβ3 and the release of clusterin. This study invites us to consider PLTs as potential therapeutic targets, offering the perspective of intervening at the very foundations of CAA and AD. Antiplatelet therapy emerges as a potential strategy to mitigate the formation of fibrils, promising hope for targeted treatments [119].



In a study, a symphony of late-life blood pressure, brain oxygenation, and Aβ accumulation is composed, creating a tapestry that intertwines VaD and AD. Elevated blood pressure, a double-edged sword, seemingly aids brain oxygenation while laying the foundation for severe arteriolosclerosis and cerebral amyloid angiopathy. This study crafts a narrative where PLTs might serve as silent witnesses, responding to vascular alterations, potentially influencing cerebral perfusion, and contributing to the delicate dance of Aβ. As the late-life decline in blood pressure precedes dementia onset, this study suggests that understanding this interplay could hold the key to decoding the complexities of disease progression [120]. Another study narrates a tale of PLT indices and their intricate dance with cognitive and functional status in older hospitalised individuals. In the ever-evolving storyline of aging, PLTs, though not consistent markers, cast shadows on the potential associations between the altered PLT activity and the complexities of concurrent health conditions. This study underscores the challenges of translating these associations into clinical use, emphasising the multifaceted nature of diseases beyond dementia [121] (Table 5).



In a significant exploration, researchers delved into the association between PDGF and post-stroke outcomes. This study, involving 309 stroke patients over a five-year follow-up period, unveils intriguing findings. Elevated levels of PDGF-AB/BB are linked to a decreased risk of recurrent vascular events in stroke patients. However, this study does not find a direct association between PDGF levels and cognitive decline. PLTs, crucial for haemostasis and blood clot formation, emerge as key players in releasing PDGF, a protein intricately involved in regulating cell growth, division, and angiogenesis. The elevated PDGF levels observed in this study had previously been correlated with atherosclerosis and plaque instability. The results of this study propose the potential utility of PDGF-AB/BB as a prognostic marker for recurrent vascular events in stroke patients, offering a nonacute therapeutic target alongside conventional treatments. While these findings suggest a promising role for PDGF in predicting vascular events, this study wisely highlights the imperative need for further research to validate these associations and deepen our understanding of the underlying mechanisms. Establishing the therapeutic relevance of PDGF in stroke patients would necessitate additional investigations into its potential as a target for nonacute interventions, opening avenues for advancements in stroke management [122].



As we examine each study, PLTs are portrayed not just as cell components, but as central figures, providing opportunities for further investigation, comprehension, and potentially reshaping our understanding of neurodegenerative diseases (Table 6).
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	Reference
	Disease
	Samples/Animal Models
	Study Objective
	Results





	Albrecht et al.

(2020) [115]
	Vascular disfunction
	138 patients
	Investigating correlation

between vascular function, tau positron emission tomography (PET) imaging, and global cognition in the context of Alzheimer’s disease.
	Significant correlation between soluble platelet-derived growth factor b (sPDGFRb) and tau PET levels.



	Qing-Cheng Liang et al. (2014) [116]
	VaD

AD
	150 VaD patients.

110 AD patients.

150 HCs
	Examining the association between platelet indices and VaD and AD.
	Lower MPV and PDW in patients with VaD and AD.



	Palix et al.

(2022) [84]
	Diabetes

AD
	105 AD patients
	Evaluating correlations

between diabetes-

related vascular risk

factors, platelet indices, and neurodegeneration biomarkers.
	Potential role of platelets in inflammation and neuroinflammation.



	Bayat et al.

(2020) [123]
	VaD
	
	Investigating the effects

of the early and late administration of platelet-rich plasma (PRP) on learning-memory and hippocampal synaptic plasticity.
	Early PRP administration significantly enhances synaptic plasticity and memory.



	Schröder et al.

(2022) [118]
	Dementia
	97 patients
	Evaluation of white blood cell and platelet counts as potential biomarkers in the differential diagnostics of dementia.
	No statistically significant differences between dementia subtypes regarding WBC and platelet count.



	Donner et al.

(2016) [119]
	Cerebral amyloid

angiopathy (CAA)
	
	Investigating the contribution of platelets in the formation of vascular Aβ deposits.
	Activated platelets directly contribute to CAA by promoting the formation of Aβ aggregates and Aβ, activating platelets, creating a feed-forward loop.



	Pan et al.

(2022) [124]
	Dementia
	131 patients

131 HCs
	Examining connection between dysfunctional platelets and the contributor to AD development.
	Anti-platelet therapy was associated with a lower risk of dementia.



	Tayler et al.

(2023) [120]
	VaD,

AD,

mixed dementia
	20 patients

75 patients

31 patients
	Investigating the relationship between blood pressure, hypertensive status, and the development of dementia.
	Complex relationship between late-life blood pressure, disease pathology and vascular function in dementia.



	Socha et al.

(2019) [114]
	Cognitive performance
	754 patients
	Evaluating the relationship between platelet indices and cognitive and functional performance.
	There was no significant correlation between cognitive performance and platelet indices



	Narasimhalu et al. (2015) [122]
	Stroke
	309 patients
	Examination of the association between PDGF AB-BB and post-stroke outcomes.
	Higher levels of PDGF-AB/BB were independently associated with a lower risk of recurrent vascular events in stroke patients.









3.6. Platelets as Pivotal Players in the Tapestry of Frontotemporal Lobar Degeneration


Frontotemporal lobar degeneration (FTLD) stands as a multifaceted spectrum of disorders, characterised by diverse clinical and pathological manifestations predominantly impacting the frontal and anterior temporal lobes of the brain. Its distinction as the second most prevalent cause of dementia in younger individuals introduces a diagnostic conundrum due to its inherent heterogeneity. Syndromes within FTLD, such as behavioural variant frontotemporal dementia (bvFTD) and primary progressive aphasia, exhibit notable overlaps with motor neuron diseases, further complicating diagnostic endeavours. Diagnosis hinges on clinical features, specific protein aggregates in histopathology, or genetic mutations. Nevertheless, a pressing need for reliable biomarkers persists to enhance the accuracy of FTLD diagnosis.



Recent strides in neurodegenerative research have turned attention toward PLTs as potential contributors to the diagnostic landscape. PLTs, recognised for their involvement in myriad of physiological and pathological processes, emerge as a promising source of biomarkers due to their ability to traverse the blood–brain barrier. One intriguing avenue of exploration centres on the role of platelet-activating factor (PAF) in neurodegeneration. As a potent pro-inflammatory mediator, PAF is implicated in leukocyte adhesion, chemotaxis, and degranulation. Elevated PAF levels have been correlated with cognitive impairment in AD, unveiling its potential significance in neurodegenerative processes. Furthermore, PAF antagonists exhibit promise in modulating the degradation of amyloid-β42 in neurons, suggesting a potential role in regulating neurodegenerative pathways. Notably, PAF’s association with the regulation of cholesterol ester hydrolases and its higher levels in AD patients compared to controls extend the relevance of this mediator beyond AD, potentially into the pathophysiology of FTLD.



This study delves into the intricate interplay between PLTs, PAF, and neurodegenerative diseases, with a specific emphasis on FTLD. By shining a spotlight on PLTs’ involvement in inflammation, immune response, and neurodegeneration, the research underscores their potential relevance in the complex landscape of FTD.



In parallel, Sebastian Schröder and colleagues embark on a compelling exploration, aiming to unravel the potential of white blood cell (WBC) and PLTs count as biomarkers in dementia diagnostics. Their research, aptly titled “White Blood Cell and Platelet Counts Are Not Suitable as Biomarkers in the Differential Diagnostics of Dementia”, employs a comprehensive approach to assess the utility of these blood cell metrics in distinguishing various types of dementia. Despite the rigorous methodology, the findings conclusively demonstrate that WBC counts, platelet counts, and related metrics do not exhibit significant differences across diverse dementia types. This underscores the urgent need for more reliable and specific biomarkers, both for accurate diagnostic differentiation and targeted treatment strategies [118].



A pivotal breakthrough emerges with the development of the Simple Western assay, a cutting-edge automated capillary nano-immunoassay pioneered by Fourier et al. This innovative method focuses on quantifying the total TDP-43 in human PLTs samples, offering a significant leap forward in the quest for dependable FTLD biomarkers (Table 7). The assay demonstrates commendable quantitative performance in PLTs samples, showing the linearity of signals and a within-run variability of 5.7%, indicative of precision and reliability. Notably, TDP-43 protein profiles in PLT samples align with positive controls, suggesting that PLTs could serve as an appropriate sample matrix for studying TDP-43 in FTLD patients [125].



The successful quantification of TDP-43 signals in PLT samples through the Simple Western assay opens new vistas in biomarker discovery for FTLD and potentially other neurodegenerative diseases. While this automated capillary nano-immunoassay holds promise as a reliable and accurate diagnostic tool, the researchers judiciously call for further confirmation studies on larger cohorts of patients to assess its diagnostic performance in clinical settings.



In conclusion, the combined findings from the exploration of PLTs, PAF, and the innovative Simple Western assay in the context of FTLD present a paradigm shift in our understanding of the disease. These pioneering studies not only shed light on potential biomarkers and therapeutic targets but also emphasise the critical need for continued research to unravel the intricate mechanisms underlying FTLD. The path ahead holds the promise of refining diagnostics, offering targeted treatments, and ultimately enhancing our ability to navigate the complexities of frontotemporal lobar degeneration (Table 8).




3.7. Platelet Dysfunction in Traumatic Brain Injuries


Traumatic brain injuries (TBIs) can induce PLT inhibition, a condition where the blood’s clotting ability becomes compromised, potentially resulting in heightened bleeding and life-threatening complications [126,127]. Recent research has uncovered a promising avenue for intervention in such cases—PLT transfusions have demonstrated efficacy in reducing the necessity for neurosurgical procedures and lowering mortality rates [128].



PLTs, vital for the healing process following a TBI, are prone to dysfunction, acting as an early indicator for TBI-induced coagulopathy [129]. While no direct link between PLT dysfunction and dementia has been established, TBIs are recognised precursors to various neurological conditions, including dementia. The involvement of PLT dysfunction in blood clotting may indirectly contribute to dementia. Excessive bleeding or complications arising from PLT dysfunction have the potential to inflict damage on the brain, consequently contributing to cognitive decline [130].



In severe cases of TBI, patients often exhibit PLT dysfunction, characterised by a diminished PLT count and an extended bleeding time. Furthermore, individuals with TBI typically display significantly reduced PLT responses to arachidonic acid (AA), a substance crucial for triggering platelet aggregation, in comparison to their healthy counterparts. This diminished response to AA is correlated with an elevated risk of bleeding complications [131].



Although a direct link between PLT dysfunction and dementia remains elusive, the recognised association between TBI and neurological conditions prompts the consideration of the potential indirect role of PLT dysfunction in dementia development. The impact of PLT dysfunction on excessive bleeding or related complications may contribute to cognitive decline in TBI patients [132].



Moreover, an intriguing study titled “Human Platelet Lysate Biotherapy for Traumatic Brain Injury: Preclinical Assessment” revealed promising prospects. This research suggests that human PLT lysate (HPL) biotherapy holds the potential to enhance recovery from TBI by fostering neurorestoration and neuroprotection. This opens the door to the possibility that strategies directed at improving PLTs function could extend their benefits to the context of dementia [133] (Table 9).



In conclusion, the intricate relationship between platelet dysfunction, TBIs, and their consequences, underscores the need for comprehensive understanding and innovative interventions. The potential benefits of PLT transfusions and the promising avenues explored in HPL biotherapy encourage further research into improving outcomes for individuals grappling with traumatic brain injuries and the associated neurological complications (Table 10).




3.8. The Role of Platelets in Mild Cognitive Impairment


Mild Cognitive Impairment (MCI) serves as a transitional stage between normal aging and dementia [134], often recognised as the interval between typical cognitive function and the onset of AD [135]. Marked by the emergence of AD symptoms, MCI is considered an early stage of AD. Research indicates that individuals with MCI exhibit brain changes similar to those observed in AD [136]. Nevertheless, it is noteworthy that not all individuals diagnosed with MCI experience continuous cognitive decline or manifest additional symptoms of dementia [137].



MCI represents a condition characterised by relatively minor impairments in thought processes and memory, while AD is a distinct and progressive disorder where memory and functioning continually decline over time [135]. Given the anticipated increase in the incidence of AD in coming years, the early identification of MCI becomes crucial for preventing the progression of pathogenesis.



In recent years, attention has increasingly focused on PLTs concerning MCI, as they share many similarities with altered neurons in both MCI and AD. These cellular fragments may play a dual role in these pathologies by participating in the pathogenic process. Since alterations similar to those observed in neurons are evident in PLTs, these changes hold potential utility in the diagnosis and monitoring of therapies for MCI.



ADAM10 and BACE1, proteases that are intricately involved in the processing of APP and crucial for the formation of Aβ amyloid, have undergone extensive investigation with the objective of characterising MCI and identifying differences that could be useful in discriminating MCI from AD.



A study reported a decrease in ADAM10 levels in PLTs associated with MCI and AD, suggesting that this reduction could serve as a potential biomarker for these conditions [138]. Similar findings were observed in both MCI and AD cases. In a study, the investigation into whether the reduction in ADAM10 protein levels is associated with alterations in ADAM10 mRNA yielded negative results. This led to the hypothesis that different mechanisms might be involved in the reduction in ADAM10 protein levels [77]. Nevertheless, the consistent observation of reduced ADAM10 protein levels in both MCI and AD implies that this pathway may be altered in the early phases of the disease. Consequently, this parameter holds promise as an intriguing biomarker warranting further investigations.



The protease BACE1, involved in APP processing, has shown promising results in distinguishing between MCI and AD subjects [139]. However, further confirmation through a larger sample size is necessary to solidify this finding.



In a study, the investigation into whether the reduction in ADAM10 protein levels is associated with alterations in ADAM10 mRNA yielded negative results. This led to the hypothesis that different mechanisms might be involved in the reduction in ADAM10 protein levels. At baseline, no significant differences were found between the MCI and control groups. However, cholesterol levels were lower in the MCI group compared to the control group. They calculated the ratio of total membrane-secretase activity to membrane cholesterol, discovering a significant elevation in the MCI group. Unfortunately, this result did not reveal significant differences between individuals with stable MCI and those who later progressed to AD [140].



In a study, the investigation into whether the reduction in ADAM10 protein levels is associated with alterations in ADAM10 mRNA yielded negative results. This led to the hypothesis that different mechanisms might be involved in the reduction in ADAM10 protein levels. Their findings revealed that soluble PLT lipids undergo alterations during the progression of AD. Additionally, they identified specific lyso-phosphatidylcholines that could serve as discriminative markers, enabling the differentiation between MCI and AD [86].



PLTs have been explored in connection with their involvement in the inflammatory pathway, revealing a higher trend of platelet-to-lymphocyte ratio (PLR) in both AD and MCI patients when compared to controls. However, no statistically significant differences between these pathologies were found [134]. In relation to the inflammatory process observed in MCI and the role of PLTs in this pathway, MPV and PDW exhibited significantly lower values in patients with AD compared to either MCI or controls [141]. It is important to note that the literature presents conflicting results regarding MPV in AD, emphasising the need for further investigations to clarify its utility in distinguishing MCI from AD.



The investigation into whether the reduction in ADAM10 protein levels is associated with alterations in ADAM10 mRNA yielded negative results. This led to the hypothesis that different mechanisms might be involved in the reduction in ADAM10 protein levels [142].



Phosphorylase activity 2 (PLA2), another extensively studied PLT parameter, plays a role in both the inflammatory process and membrane remodelling, as well as cellular signalling [143]. The levels of this enzyme in PLTs are viewed as reflective of the central nervous system, suggesting its potential as a therapeutic target in both MCI and AD. A study examined the modulatory effects of PLA2 in MCI under cognitive stimulation. It was shown that the total PLA2 correlates with the cognitive conditions of MCI, and cognitive stimulation acts selectively on subjects with dysregulated total PLA2 [143]. In a similar way, researchers explored whether decreased PLA2 activity at baseline, assuming PLA2 activity is reduced in AD and MCI, is associated with the progression of MCI to AD over a 4-year follow-up period. They found that intracellular PLA2 was decreased at baseline in both AD and MCI patients. MCI patients who progressed to AD during follow-up exhibited a lower activity of intracellular calcium-independent PLA2 at baseline [144]. Moreover, healthy subjects who progressed to MCI during follow-up displayed lower levels of secreted calcium-dependent PLA2 and cytosolic calcium-dependent PLA2 at baseline, suggesting the potential predictive value of these markers.



Taken together, these findings support the notion that PLA2 values could serve as a therapeutic target and as a tool to assess therapeutic effects.



A study, the COCIMID protocol, was initiated to assess the effects of cilostazol, a drug commonly used for the secondary prevention of ischemic strokes, in preventing the progression of MCI to AD. The aim was to promote Aβ clearance and maintain cerebrovascular integrity to suppress cognitive decline. Despite patients tolerating the cilostazol well, the drug did not demonstrate significant effects in preventing cognitive decline [145].



In a related effort, a proteomic assay of platelets was conducted to identify potential biomarkers for MCI and AD. Four decreased proteins were identified, which have been recognised as promising indicators to predict cognitive decline [32]. However, further studies are needed to investigate whether these proteins could be valuable in the early screening of AD.



PLTs have also been investigated to identify potential risk factors indicative of the progression of type 2 diabetes mellitus (T2DM) in MCI. This study revealed a correlation between the increase in optineurin, an autophagy-related protein, and a reduction in the MMSE score. Additionally, the evaluation of optineurin levels proved effective in discriminating individuals with both T2DM and MCI from those with T2DM but not MCI [146] (Table 11 and Table 12).




3.9. Platelet Parameters as a Tool for Delirium Prediction


Delirium is characterised as an acute and fluctuating alteration in awareness and mentation, commonly observed in the context of serious medical illness [147]. The root cause of delirium is attributed to a decompensation of cerebral function in response to one or more pathophysiological stressors, such as infections, drugs, anoxia, and, in certain cases, prolonged anaesthesia [148]. Inflammation has been implicated as a potential etiological factor in the development of delirium in adult patients, particularly those undergoing surgery [147,149]. However, it is crucial to note that delirium is also a frequent, serious, and preventable complication in critically ill children [147].



The necessity for a predictive biomarker to aid in the prevention and identification of individuals predisposed to manifest delirium has prompted researchers to explore blood samples. This investigation has uncovered the potential utility of PLTs and their parameters. When used in conjunction with other blood and serum markers, these PLT parameters can contribute to the early identification of the possible onset of delirium.



Hypotheses suggesting that PLT transfusion might be a potential cause of delirium, both in adults and children, were not confirmed in subsequent studies [150]. However, noteworthy results have been achieved concerning PLT parameters.



Researchers identified the platelet-to-lymphocyte ratio (PLR) and platelet-to-white blood cell ratio (PWR), among other parameters, as statistically significant risk factors capable of predicting delirium onset in postoperative elderly patients following abdominal surgery [151]. Similar findings regarding PWR as a predictor of postoperative delirium have been reported by other research groups [152,153,154].



PLTs have been considered as inflammatory markers in delirium studies. Şaşkin et al. observed higher pre- and early postoperative MPV, PLR, and other inflammatory indicators in patients who developed postoperative delirium [149]. However, conflicting results exist regarding PLR. Jiang et al. reported a high PLR associated with a higher incidence of delirium upon admission to the intensive care unit [155], while another group did not find any significance in PLR levels between patients who manifested postoperative delirium and those who did not [156]. Soler-Sanchis et al. conducted a case-control study, discovering significantly lower values of PLTs, PLR, and MPV in patients compared to controls [157].



A study confirmed the role of PLR in the occurrence of postoperative delirium, while another study demonstrated the association of the severity of delirium with a decreased number of PLTs and MPV [148,158]. PLTs have also been investigated by analysing their mitochondrial mass after surgery, identifying a good predictive value for postoperative delirium [159].



Given the need for predictive and early markers of delirium, as it is a serious postoperative complication occurring in a significant percentage of patients [152], markers such as MPV, the neutrophil-to-lymphocyte ratio (NLR), PLR, and PWR, along with other blood parameters, appear useful in delirium prediction and can be easily obtained through routine laboratory analyses. However, the presence of conflicting results suggests the necessity to further explore and clarify this topic (Table 13 and Table 14).




3.10. Platelets in Huntington’s Disease


Huntington’s disease (HD) is a neurodegenerative disorder characterised by a mutation in the huntingtin gene, leading to the production of an abnormal protein known as mutant Huntington (mHtt). This mutation involves an expansion of CAG repeats in the exon 1 of the HD gene, resulting in an abnormal polyglutamine (polyQ) tract at the N-terminus of the Huntington protein.



The mutant Huntington protein tends to form insoluble aggregates and is responsible for the neuropathological signs of HD, particularly causing the selective death of striatal medium spiny neurons [18,160]. Clinically, HD is characterised by involuntary movements, psychiatric disturbances, and progressive dementia. Patients typically succumb to the disease within 15–20 years after its onset [160].



The mechanisms underlying neuronal death following the expansion of polyQ repeats still remain inconclusive, but mitochondrial dysfunction appears to play a pivotal role in the disease. Silva et al. investigated the activity of mitochondrial complexes (Cx) I–IV in PLTs isolated from pre-symptomatic and symptomatic HD carriers, as well as age-matched control individuals. Their findings revealed a reduced activity of citrate synthase in pre-symptomatic individuals and a reduced activity of Cx-I in both pre-symptomatic and symptomatic HD carriers [160].



The data obtained by Ehinger et al. align with those reported, indicating dysfunction in complex II and a lower maximum oxidative phosphorylation capacity in HD [161]. Despite limited research on PLTs in HD pathology, the study of peripheral systems in neurological disorders has gained attraction in recent years.



A study highlighted PLT dysfunction in HD, particularly in the release of angiogenic factors and functions related to thrombosis, angiogenesis, and vascular homeostasis. This suggests a potential involvement of platelets in the vascular abnormalities reported in HD brains [162].



A study was conducted on PLT activity, focusing on their role in the regulation of the vascular system and the modulation of nitric oxide (NO) signalling. They observed an impairment of endothelial nitric oxide synthase (eNOS) phosphorylation and activity, potentially contributing to defective vasorelaxation in HD. The decrease in NO in PLTs of HD individuals is proposed as a potential tool for monitoring advanced stages of the disease [163].



In an effort to identify pathological signatures in neurological disorders in peripheral blood, researchers analysed the extracellular vesicles derived from PLTs in HD. However, they concluded that, while these structures are interesting to study, they may not serve as useful pathological biomarkers [18] (Table 15 and Table 16).





4. Conclusions


In summary, this systematic review aimed to uncover the complex role of PLTs in neurocognitive disorders, highlighting their involvement in cognitive functions and the potential for the early identification of these disorders, which is crucial given the increasing prevalence of neurocognitive disorders among the elderly population and the significant economic burden associated with their management. The literature reviewed revealed that PLTs, traditionally known for their haemostatic roles, exhibit a broader range of functions, including physiological ones such as tissue remodelling, brain plasticity, and the secretion of neurotrophic factors. They also play a role in inflammation and the deposition of insoluble protein aggregates characteristic of pathologies like AD and HD.



The study of APP fractions and PLT parameters, such as MPV, has shown promise in distinguishing between diseased subjects and healthy controls. Moreover, these parameters have been found to correlate with the MMSE, suggesting their potential as surrogate biomarkers for assessing disease progression and treatment effectiveness. The evidence suggests that PLTs could serve as a reliable and non-invasive tool for monitoring neuropathological alterations in neurons.



However, it is important to acknowledge the presence of conflicting data in the literature, which may arise from variations in sample populations, methodologies, or disease stages. This highlights the need for further research and standardisation in assessing larger and more comprehensive studies, which are essential for ensuring the reliability and generalisability of findings in the context of these pathologies.



Despite the promising findings, the question of whether the observed modifications in PLTs are a consequence of neurological disorders or whether PLTs play a role in the pathogenesis of these diseases remains unanswered. This underscores the importance of continued investigation into the biological mechanisms underlying neurocognitive disorders and the potential of PLTs as diagnostic or prognostic biomarkers.



Future research should focus on developing valid, reliable, and broadly usable biomarkers that can support the timely diagnosis and management of neurocognitive disorders. This includes exploring models that include multiple biomarkers converging on the same or related biological pathways, as suggested by the findings across different areas of study. Additionally, future studies should aim to validate candidate biomarkers in external, independent samples and assess their feasibility and cost-effectiveness before implementation in clinical practice.



In conclusion, while the role of PLTs in neurocognitive disorders is complex and multifaceted, the evidence suggests that they could serve as valuable tools for early detection, monitoring, and management of these conditions. However, further research is needed to clarify the mechanisms underlying these relationships and to develop robust biomarkers for clinical use.
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Figure 1. PRISMA flow diagram [46] representing the literature search and study selection process. 
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Table 1. Role of platelets as biomarkers in Alzheimer’s Disease (AD).
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	Reference
	Disease
	Samples
	Study Objective
	Results





	Sun et al.

(2018) [19]
	AD
	58 AD

61 HCs
	Evaluation of the correlation between the levels of blood-derived amyloid-beta (Aβ) and the count of platelets.
	The plasma Aβ42 level was positively correlated with the platelet count in both AD patients and control group.



	Fisar et al.

(2019) [60]
	AD
	50 AD

15 vascular dementia

25 HCs
	Analysis of the associations between disturbed platelet mitochondrial respiration and plasma concentrations of Aβ40 and Aβ42 in patients

with AD.
	Aβ40, Aβ42, and Aβ42/Aβ40 levels were not significantly altered in patients with AD compared with controls; the association between mitochondrial respiration in platelets and plasma Aβ levels differs in patients with AD and controls.



	Jelic et al.

(2013) [57]
	AD
	30 AD

23 elderly subjects
	Exploration of the diagnostic

potential of platelet AβPP metabolism.
	AβPP 115 kDa species exhibited an increase in PLTs in AD compared to control subjects. There is a correlation between the abundance of the AβPP 115 kDa species and Mini-Mental State Examination scores.



	Vignini et al.

(2013) [68]
	Frontotemporal lobar degeneration (FTLD)

AD
	20 AD

19 FTLD

18 HCs
	Analysis of the mRNA expression level of Total APP (TOT) and APP containing a

Kunitz-type serine protease

inhibitor domain (KPI) in the platelets of AD patients, FTLD, and HCs. Evaluation of the correlation between platelet APP mRNA expression levels and cognitive impairment.
	Significant upregulation of both APP TOT and APP KPI in the PLTs of patients with both AD and FTLD compared to HCs.

In FTLD patients, this expression did not correlate with the severity of cognitive impairment.



	Srisawat et al.

(2013) [69]
	AD
	13 AD

27 HCs
	Evaluation of the role of the platelet amyloid precursor protein (APP) ratio

as diagnostic marker

for (AD).
	No significance difference between AD and HCs subjects.



	Wilhite et al.

(2017) [73]
	AD
	10 AD

10 HCs
	Evaluation of the TDP-43

profile in PLTs in order to use TDP_43 as a surrogate biomarker for AD screening.
	Increased TDP-43 in post mortem AD brain regions and also in patient’s platelets.



	Bram et al.

(2019) [74]
	AD
	20 AD

20 HCs
	Comparison of the protein level of the APP secretases A-disintegrin, ADAM10, BACE1, PSEN1 in platelets and leukocytes of AD and HCs.
	Significant decrease in ADAM10 and PSEN1 in platelets from AD patients compared to controls. The combination of protein levels of ADAM10, BACE1, and PSEN1 in platelets, demonstrated good accuracy in discriminating AD from controls.



	Sarg et al.

(2022) [66]
	AD

Mild cognitive impairment (MCI)
	15 AD

15 MCI

15 HCs
	Characterisation of the molecular appearance of tau and examination of its alterations in patients with neurocognitive impairment.
	Reduction in tau protein in AD patients compared to healthy subjects.



	Slachevsky et al. (2017) [20]
	AD
	53 AD

37 HCs
	Determining whether (HMW)

or (LMW) tau protein levels,

as well as the ratio HMW/LMW present in platelets correlates with brain magnetic resonance imaging (MRI) structural changes in HCs and AD subjects.
	HMW/LMW tau ratio was statistically different between controls and AD patients and it is associated with specific brain regions atrophy.



	Koc et al.

(2014) [83]
	AD
	109 AD

81 HCs
	Examination of the role of MPV as a marker of vascular damage in AD.
	MPV levels were higher in the AD group.










 





Table 2. GRADE criteria for the risk-of-bias evaluation for the role of platelets as biomarkers in Alzheimer’s disease (AD). Green: no risk of bias; yellow: low or potential risk of bias.
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	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Sun et al.

(2018)
	[19]
	
	
	
	
	
	



	Fisar et al.

(2019)
	[60]
	
	
	
	
	
	



	Jelic et al.

(2013)
	[57]
	
	
	
	
	
	



	Vignini et al.

(2013)
	[68]
	
	
	
	
	
	



	Srisawat et al.

(2013)
	[69]
	
	
	
	
	
	



	Wilhite et al.

(2017)
	[73]
	
	
	
	
	
	



	Bram et al.

(2019)
	[74]
	
	
	
	
	
	



	Sarg et al.

(2022)
	[66]
	
	
	
	
	
	



	Slachevsky et al. (2017)
	[20]
	
	
	
	
	
	



	Koc et al.

(2014)
	[83]
	
	
	
	
	
	










 





Table 3. Role of platelet in Parkinson’s disease (PD).
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	Reference
	Disease
	Samples/Animal Models
	Study Objective
	Results





	Zhang L. et al. (2022) [104]
	PD
	Blood samples of PD

patients and HCs
	Identification of 2221

differential transcript levels between PD and HCs through RNA sequencing on platelet.
	Whilst 1041 genes are upregulated, 1180 are downregulated.

WASH5P is the most upregulated gene, and AC114491.1 is the most downregulated.

MALAT1, EEF1A1, and CTSS were associated with PD.



	Montenegro et al. (2022) [105]
	PD
	Platelets

70 patients

113 HCs
	Secretory vesicles

(SVs) are fundamental in the regulation of cytosolic DA levels. SVs of platelets use similar. Functional defects in platelets probably mirror events in DA neurons.
	Dramatic decrease in the serotonin content and uptake by SVs, decreased thrombin-induced release by platelets from PD patients. Platelets from PD patients also failed to retain serotonin in SVs. This was not observed in most cases of Parkinsonism.



	Page et al.

(2022) [106]
	AD

PD
	
	Role of platelet in the mechanism of neurodegeneration.
	Platelets are implicated in the pathological processes of inflammation,

neurovascular dysfunction, and coagulopathy. These processes contribute to the progression of neurodegenerative diseases



	Özdemir et al.

(2021) [107]
	AD

PD
	
	Effect of MAO-B inhibitors in the treatment of PD and AD.
	MAO-B activity increases with age in brain tissue, cerebrospinal fluid (CSF), and platelets in Alzheimer’s patients.



	Jiang L. et al.

(2022) [108]
	PD
	47 MSA

125 PD

124 HCs
	Exploring the association between inflammatory markers (MHR, NLR, and RPR) and MSA, and the difference between MSA and Parkinson’s disease.
	The red-cell-distribution-width-to-platelet ratio (RDW-PR) was found to be higher in both the MSA group and the PD group compared to the HCs group. This suggests that inflammation, often present in MSA and PD, could potentially affect platelet numbers.



	Beura et al.

(2023) [109]
	PD
	
	Investigating the impact of 6-hydroxydopamine (6-OHDA) on platelet function.
	6-OHDA treatment increased the production of ROS in human blood platelets. This ROS production seems to be regulated by the IP3 receptor-Ca2+-NOX signalling axis in human blood platelets.



	Bronstein et al. (2015) [110]
	PD
	23 PD

23 HCs
	Examination of the role of platelet mitochondrial activity and exposure to pesticides in the early stages of PD.
	The study found no differences in complex I and I/III activities in subjects with PD and controls. It did find that NCCR activity correlated with subjects’ exposure to pesticides known to inhibit mitochondrial activity regardless of their diagnosis.



	Delila et al.

(2022) [111]
	PD
	
	Study of the potential neuroprotective effects on dopaminergic neurons of platelet lysate.
	The platelet lysate maintained its neuroprotective activity in a Lund human mesencephalic dopaminergic neuron model of PD disease.



	Tirozzi et al.

(2023) [112]
	Major depressive

disorder (MDD), AD,

PD
	
	Analysis of genetic

factors associated with brain disorders like Alzheimer’s disease (AD), Parkinson’s disease (PD), and Major Depressive Disorder (MDD) in relation to platelet traits.
	The most significant associations were detected in some of the most implicated genes in neurodegenerative/neuropsychiatric disorders, APOE with AD, SNCA with PD and ZSCAN12 with MDD.



	Stanca et al.

(2022) [113]
	PD
	45 PD

46 HCs
	Evaluation of the role of ESR, NLR, and PLR as prognostic factors in PD patients.
	ESR did not show statistically significant correlations with motor score or with disability; ESR was correlated with the disease duration and PLR showed a significant correlation with disease stage and disease duration.










 





Table 4. GRADE criteria for risk-of-bias evaluation for role of platelet in Parkinson’s disease (PD). Green: no risk of bias; yellow: low or potential risk of bias.
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	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Zhang L. et al. (2022)
	[104]
	
	
	
	
	
	



	Montenegro et al. (2022)
	[105]
	
	
	
	
	
	



	Page et al.

(2022)
	[106]
	
	
	
	
	
	



	Özdemir et al.

(2021)
	[107]
	
	
	
	
	
	



	Jiang L. et al.

(2022)
	[108]
	
	
	
	
	
	



	Beura et al.

(2023)
	[109]
	
	
	
	
	
	



	Bronstein et al. (2015)
	[110]
	
	
	
	
	
	



	Delila et al.

(2022)
	[111]
	
	
	
	
	
	



	Tirozzi et al.

(2023)
	[112]
	
	
	
	
	
	



	Stanca et al.

(2022)
	[113]
	
	
	
	
	
	










 





Table 6. GRADE criteria for risk-of-bias evaluation for the role of platelet as biomarkers in vascular dementia (VD). Green: no risk of bias; yellow: low or potential risk of bias.
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	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Albrecht et al.

(2020)
	[115]
	
	
	
	
	
	



	Qing-Cheng Liang et al. (2014)
	[116]
	
	
	
	
	
	



	Palix et al.

(2022)
	[84]
	
	
	
	
	
	



	Bayat et al.

(2020) [123]
	[123]
	
	
	
	
	
	



	Schröder et al.

(2022) [118]
	[118]
	
	
	
	
	
	



	Donner et al.

(2016)
	[119]
	
	
	
	
	
	



	Pan et al.

(2022)
	[124]
	
	
	
	
	
	



	Tayler et al.

(2023)
	[120]
	
	
	
	
	
	



	Socha et al.

(2019)
	[114]
	
	
	
	
	
	



	Narasimhalu et al. (2015) [122]
	[122]
	
	
	
	
	
	










 





Table 7. Role of platelet as biomarkers in frontotemporal lobar degeneration (FTLD).
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	Reference
	Disease
	Samples
	Study Objective
	Results





	Schröder S et al. (2022) [118]
	Different dementia types
	97 patients
	Potential role of WBC and platelet counts as biomarkers in dementia diagnostics.
	No significant differences across diverse dementia types.



	Fourier et al.

(2019) [125]
	Frontotemporal lobar degeneration

syndrome
	9 patients
	Developing an automated Simple Western assay to detect and quantify TDP43 protein.
	Simple Western assay seems to be suitable for detecting and quantifying TDP43 protein in platelet samples, providing a potential candidate biomarker in this disease.










 





Table 8. GRADE criteria for risk-of-bias evaluation for platelet as biomarkers in frontotemporal lobar degeneration (FTLD). Green: no risk of bias; yellow: low or potential risk of bias.
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	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Schröder S

et al. (2022)
	[118]
	
	
	
	
	
	



	Fourier et al. (2019)
	[125]
	
	
	
	
	
	










 





Table 9. Role of platelets in traumatic brain injury (TBI).
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	Reference
	Disease
	Samples
	Study Objective
	Results





	Jehan et al. (2019) [128]
	TBI
	243 TBI
	Evaluation of outcomes after TBI

in patients

received a PLT transfusion.
	PLT transfusion was associated with decreased risk of progression of intracranial haemorrhage, neurosurgical intervention, and mortality.



	Davis et al. (2013) [129]
	TBI
	50 TBI

50 HCs
	Evaluation of association between PLT disfunction and TBI.
	Significantly increased percentage of platelet ADP and arachidonic acid (AA) receptor inhibition in patients with TBI. ADP inhibition correlates strongly with severity of TBI and mortality.



	Nekludov et al. (2007) [131]
	TBI
	20 TBI

10 HCs
	Investigation of PLT function in patients with TBI.
	TBI patients had a lower PLT count, a long bleeding time, and lower PLT responses to AA, correlated with an elevated risk of bleeding complications.










 





Table 10. GRADE criteria for risk-of-bias evaluation for role of platelets in traumatic brain injury (TBI). Green: no risk of bias; yellow: low or potential risk of bias; red: high risk of bias.
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	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Jehan et al. (2019)
	[128]
	
	
	
	
	
	



	Davis et al. (2013)
	[129]
	
	
	
	
	
	



	Nekludov et al. (2007)
	[131]
	
	
	
	
	
	










 





Table 11. Role of platelets as biomarkers in mild cognitive impairment (MCI).






Table 11. Role of platelets as biomarkers in mild cognitive impairment (MCI).





	Reference
	Disease
	Samples
	Study Objective
	Results





	Vatanabe et al. (2013) [138]
	MCI
	61 MCI

61 HCs
	Role of the platelet and plasma levels of ADAM10 as a biomarker

in MCI and physical frailty.
	Decrease in ADAM10 levels in platelets associated with mild cognitive impairment (MCI) and Alzheimer’s disease (AD).



	Bermejo-Bescós

et al. (2013) [139]
	MCI

AD
	34 MCI

45 AD

28 HCs
	Assessment of the status of the platelet amyloid precursor protein (APP) metabolism in MCI and AD.
	Reduction in APP levels in MCI and AD vs. HCs; high levels of ADAM-10 in both MCI and AD vs. HCs. Higher ratio ADAM-10/BACE1 for the MCI group vs. AD group. BACE1 and PS1 levels were increased in AD vs. HCs BACE1 and γ-secretase activities significantly augmented in both MCI and AD groups.



	Oberacher et al. (2017) [86]
	MCI

AD
	37 AD

21 MCI

32 HCs
	Study of the PLT

proteome in patients with AD and MCI.
	Soluble platelet lipids undergo alterations during the progression of AD.

Identified platelet PCaeC40: as a potential marker to diagnose AD.



	Wang et al. (2013) [141]
	MCI

AD
	120 MCI

120 AD

120 HCs
	Investigation of the relationship between platelet indices and MCI and AD pathogenesis.
	MPV and PDW were significantly lower in patients with AD as compared with MCI or controls.



	Zhang et al. (2023) [142]
	MCI
	22 MCI
	Investigation of the role of complete blood counts in the relationship between brain function and cognitive performance.
	PLT count, appears to be inversely correlated with cognitive functions.



	Balietti et al. (2016) [143]
	MCI
	70 MCI

74 HCs
	Evaluation of the effect of cognitive stimulation on platelet total phospholipases A2 activity (tPLA2A).
	Total PLA2 correlates with the cognitive conditions of MCI, and cognitive stimulation acts selectively on subjects with dysregulated total PLA2.



	Gattaz et al. (2014) [144]
	MCI
	44 AD

59 MCI

66 HCs
	Investigating whether decreased PLA₂ activity at baseline is associated with the progression of MCI to AD upon a follow-up of 4 years.
	MCI patients who progressed to AD exhibited a lower activity of intracellular calcium-independent PLA2 at baseline.










 





Table 12. GRADE criteria for risk-of-bias evaluation for the role of platelets as biomarkers in mild cognitive impairment (MCI). Green: no risk of bias; yellow: low or potential risk of bias.
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	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Vatanabe et al. (2013)
	[138]
	
	
	
	
	
	



	Bermejo-Bescós et al. (2013)
	[139]
	
	
	
	
	
	



	Oberacher et al. (2017)
	[86]
	
	
	
	
	
	



	Wang et al. (2013)
	[141]
	
	
	
	
	
	



	Zhang et al. (2023)
	[142]
	
	
	
	
	
	



	Balietti et al. (2016)
	[143]
	
	
	
	
	
	



	Gattaz et al. (2014)
	[144]
	
	
	
	
	
	










 





Table 13. Role of platelets as biomarkers in delirium.
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	Reference
	Disease
	Samples
	Study Objective
	Results





	Ida et al. (2020) [151]
	Delirium
	833
	Identifying delirium risk factors and developing a predictive model using preoperative and intraoperative data.
	(PLR) and platelet-to-white blood cell ratio (PWR) are associated with the development of postoperative delirium.



	Şaşkin et al. (2022) [149]
	Delirium
	1279
	Evaluating the association of pre-operative and early postoperative inflammatory parameters with postoperative delirium.
	Higher pre- and early postoperative mean platelet volume, platelet-to-lymphocyte ratio.



	Jiang et al. (2020) [155]
	Delirium
	319
	Investigation of the predictive value of the platelet-to-lymphocyte ratio for delirium in the intensive care unit.
	High PLR associated with a higher incidence of delirium upon admission to the intensive care unit.



	Soler-Sachis et al. (2022) [157]
	Delirium
	128 delirium

128 HCS
	Identification of biomarkers included in standard blood examinations in patients with delirium in the emergency department.
	Lower values of PLTs, PLR, and MPV in patients compared to controls.



	Thisayacorn et al. (2021) [158]
	Delirium
	65
	Exploration of the associations between delirium and its features and immune-inflammatory and blood gas biomarkers.
	Association of the severity of delirium with a decreased number of platelets and MPV.










 





Table 14. GRADE criteria for risk-of-bias evaluation for the role of platelets as biomarkers in delirium. Green: no risk of bias; yellow: low or potential risk of bias.






Table 14. GRADE criteria for risk-of-bias evaluation for the role of platelets as biomarkers in delirium. Green: no risk of bias; yellow: low or potential risk of bias.















	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Mitsuru et al. (2020)
	[151]
	
	
	
	
	
	



	Şaşkin et al. (2022)
	[149]
	
	
	
	
	
	



	Jiang et al. (2020)
	[155]
	
	
	
	
	
	



	Soler-Sachis et al. (2022)
	[157]
	
	
	
	
	
	



	Thisayacorn et al. (2021)
	[158]
	
	
	
	
	
	



	Şaşkin et al. (2022)
	[149]
	
	
	
	
	
	










 





Table 15. Role of platelets as biomarkers in Huntington’s disease (HD).
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	Reference
	Disease
	Samples
	Study Objective
	Results





	Silva et al.

(2013) [160]
	HD
	7 HD symptomatic patients

8 pre-HD carriers

8 HCs
	Investigating the activity of mitochondrial complexes (Cx) I–IV in platelets isolated from pre-symptomatic and symptomatic HD carriers.
	Reduced activity of citrate synthase in pre-symptomatic individuals and reduced activity of Cx-I in both pre-symptomatic and symptomatic HD carriers.



	Ehinger et al.

(2016) [161]
	HD
	14 HD

21 HCs
	Investigating the role of mitochondrial complex I, complex II function, and maximum oxidative phosphorylation capacity in HD.
	Platelets from patients with HD displayed respiratory dysfunction linked to complex I, complex II, and lower maximum oxidative phosphorylation capacity.



	Denis et al. (2019) [162]
	HD
	71 HD

71 HCs
	Investigating the involvement of PLTs in the vascular abnormalities reported in HD brains.
	Platelets in HD patients are dysfunctional.



	Carrizzo et al. (2014) [163]
	HD
	55 HD

28 HCs
	Investigating PLT role in the regulation of the vascular system and modulation of nitric oxide (NO) signalling.
	Decrease in NO in platelets of HD individuals could be correlated with advanced stages of the disease.










 





Table 16. GRADE criteria for risk-of-bias evaluation for the role of platelets as biomarkers in Huntington’s disease (HD). Green: no risk of bias; yellow: low or potential risk of bias.
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	Authors (Year)
	Reference
	Methodological Quality
	Directness of Evidence
	Heterogeneity
	Precision of Effect

Estimates
	Publication Bias
	Overall Quality of Evidence





	Silva et al.

(2013)
	[160]
	
	
	
	
	
	



	Ehinger et al.

(2016)
	[161]
	
	
	
	
	
	



	Denis et al. (2019)
	[162]
	
	
	
	
	
	



	Carrizzo et al. (2014)
	[163]
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