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A lack of consensus on the diagnostic criteria that should be used in the clinical 

setting limits the early diagnosis of Alzheimer’s disease (AD) and increases the 

backlog of undiagnosed cases. While AD has no cure, the current aim is to diagnose 

the disease at the pre-symptomatic stage - the key to successful intervention, better 

understanding, and enabling the admission of improved therapeutic and non-

pharmacological interventions. The major issues include the number of people 

affected, ignorance of the early signs and symptoms by patients, their families and 

healthcare staff, all of which are exacerbated by the vagueness and variety of 

symptoms. 

There has been a substantial volume of research and development on the new 

diagnostic algorithms within the last decades with criteria that shift towards the use 

of biomarkers (1), however, the diagnostic rate remains low. Presently, the 

diagnostic rate in developed countries including the UK is as low as 20-50% and only 

10% in developing nations despite accounting for 60% of dementia patients (2).  The 

prevalence of AD is expected to double every year and the economic burden for 

undiagnosed cases is great (3; 4). Research shows that patients who are diagnosed 

and treated have lower rates of institutionalisation, lower requirements for centralised 

resources and better chances of survival (3). How do we then achieve early 

detection and diagnosis if more than half of the people with dementia, the late stage 

of AD, are yet to receive one? This commentary describes the value of the modern 

diagnostic criteria for AD and the advantage of incorporating cheaper less invasive 

biomarkers examination with the clinical features of AD to improve the diagnosis of 

patients at the earlier stages of disease development. 

The signature of AD includes five established biomarkers indicating the presence of 

the disease pathology in the brain of an individual with AD. These biomarkers are 

introduced by the extensive deposit of extracellular plaques of amyloid βeta (Aβ) 

peptides and intracellular neurofibrillary tangle (NFT) made up of phosphorylated tau 

(p-tau), low levels of aβ42 (Figure 1), increased concentration of total tau (t-tau) and 

phosphorylated tau (p-tau) within the cerebrospinal fluid (CSF), decreased glucose 

metabolism in the brain and cerebral atrophy (5;6;7). 
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Other blood-based biomarkers have shown the potential to identify the disease at an 

early stage. For instance, ten different phospholipids found in the CSF were shown 

to be low in older individuals with impaired memory as compared to those with 

normal cognition, who within five years, converted from being healthy to having AD 

(8). 

Other biomarkers identified through their association with AD pathology include 

neurogranin, a postsynaptic protein that binds with calmodulin at decreased calcium 

levels; neurogranin regulates synaptic signalling (9), which is significantly increased 

in AD. It is understood to correlate with a quick and sudden change in cognition at 

clinical follow-up in those with AD (10). Another protein is the neurofilament (NF), a 

prominent axonal cytoskeleton protein in neurons that maintains neuronal calibre; 

two (NF light -NFL and NF heavy-NFH) of its four subunits (NF-light, NF-medium, 
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Figure 1. This is a schematic showing the main two biomarkers of AD (Tau and Amyloid Beta), their functions within 
normal cells; their interactions with other substances that lead to neurodegeneration and subsequent AD. 
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NF-heavy, and alpha-intermexin) have been shown to increase in the CSF of those 

with AD (11).  

These biomarkers are internal indicators that can indicate the presence of AD 

through laboratory tests or imaging tests; they assist in identifying the disease-

related changes in the brain even before the stage of dementia or severe memory 

impairment (12). These biological markers are important in the diagnosis of AD 

alongside other measures like the history, features, clinical observations and other 

neurological tests. 

However, the detection of biological markers is expensive, invasive and limited in 

availability. This is evidenced by the fact that the diagnostic criteria are still 

inaccessible in clinical practice, which is often the first point of contact with AD-

affected patients. The challenges include the application of new technologies for 

diagnosis due to their invasive nature of biomarkers examinations, availability of time 

and expertise that is limited to some specialist centres, as well as the associated 

cost (13). In addition, the streamlined provision of healthcare means that 

doctors/healthcare providers no longer deliver the continuity of care needed to 

observe health deterioration, have inadequate training and/or are limited by 

insufficient resources (time, equipment) to make a diagnosis in the primary care 

setting (14). The diagnostic criteria have, however, taken into consideration the 

variability of the early symptoms and the overlap between AD and other similar 

conditions. We have previously shown that neurological and depressive behaviours 

are an early occurrence in early-onset AD while depressive and cognitive symptoms 

in semantic memory and conceptual formation were signs of late-onset AD (15).    

The modern requisites for an early diagnosis of AD include clinical and research 

criteria. The clinical criteria are inexpensive instrumentation, while the research 

criteria make use of biomarkers, examined in clinical settings as part of research 

and/or clinical trials. These guidelines involve psychometric tests that identify the 

severity of the disease's abnormal cerebral aggregation. This is evidenced by 

fibrillary Aβ and hyper-p- tau in CSF and positron emission tomography (PET) brain 

imaging. 

The leading biomarker measurement tests that are invasive, costly and not readily 

available in most first point of contact facilities include PET and Magnetic Resonance 
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Imaging (MRI), Computed Tomography (CT); Transcranial Magnetic Stimulation 

(TMS) in research centres (Table 1); however, Electroencephalography (EEG) and 

Electrovestibulography (EVestG)  are both available in research and clinical practice 

(1;13). The current ‘gold’ standard for preclinical AD diagnosis is PET imaging or 

MRI in combination with CSF assays; while the CSF biomarkers are widely available 

in clinical research and practice, they are plagued by biases between laboratories, 

are invasive and need a trained specialist for the procedure to be performed safely 

(16). 

 

Table 1: Biomarkers and related examinations: The table indicates various biomarkers and their 

corresponding invasive and less invasive biomarkers examinations, their benefits and disadvantages as well as the 

corresponding cost for each test. 

Biomarker 
examination 

Biomarker Benefits Drawback Associate 
cost (£)* 

CSF Array Aβ42 and p-tau 
peptides181 

Widely available in both 
research and clinical 
settings 

 Biased and variability across 
laboratories, need trained 
specialist and a high-risk 
procedure 

NPD 

PET Scan Brain imaging for 
reduced electrical 
activities in the cortical 
region 

Highly sensitive and 
accurate 

Expensive, invasive and limited 
in availability 

689-795 

MRI Atrophy of the region 
of interest or 
hippocampal atrophy 

Highly accurate and 
reliable 

High risk, time-consuming, not 
readily available 

199-363 

CT Scan The anatomical 
structure of the brain 

Greater variability and 
precision 

Expensive and limited in 
availability 

450-600 

EEG Electrical signals in the 
brain 

Generally safe and 
accurate 

Need specially trained specialist 150-2500 

Blood-based 
biopsies 

Specific protein and 
microRNA (miRNA) 
concentrates 

Reliable, less expensive 
and invasive, minimal risk 
and proxy for molecular 
evaluation, could be used 
for mass screening 

Standardisation and regulations Routinely 
done in 
the clinics 

Saliva-based  
test 

Non-coding RNAs in 
saliva, 
Iron-binding protein 
lactoferrin (Lf), 

Non-invasive and 
expensive, readily 
available and compete 
positively with PET Scan 

Less investigated £15 and 
above 

Liquid and gas 
chromatography-
ion/mass 
spectrum 
measures 

Plasma Aβ and p-tau 
181 

Mass screening, perform 
better with high accuracy 

Regulation and standardisation NPD 

Retinal digital 
photographs 
imaging and 
examination  

 Amyloid beta, 
structural changes in 
the retina 

Highly accurate, less 
invasive and expensive 
and applicable for mass 
screening 

Standardisation of procedure NPD 

NPD: Not known, not in the public domain 
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A clinical support system for the early diagnosis of AD can be achieved through the 

use of computerised alerts, clinical guidelines, patients ‘data’ reports, reference 

information, documentation templates, automated historical comparisons, artificial 

intelligence and diagnostic tests (13). An example of such a support system is the 

PredictND, an automated and visual clinical decision support tool that combines 

information from multiple diagnostic tests (17). The tool has shown high accuracy in 

differentiating AD from other types of dementia and their controls, with a confidential 

measure for classifying subjective cognitive decline (SCD) or progression from MCI 

to AD dementia. This is because it combines information obtained from multiple 

diagnostic tests including neuropsychological inventory tests (NPI), MRI and CSF 

samples to achieve a diagnosis (17;18). 

Apart from the fact that PredictND combines multiple tests especially those that are 

expensive, invasive and scarce in clinical practice, the PET imaging datasets need 

labelling time for the machines and the tool does not reflect the past historic context 

of current samples (13). The machine learning options are based on data collected 

from sophisticated tests and the AD neuroimaging (ADNI) database (16). Hence for 

economic and technical expertise reasons, this is not the option of choice for the 

clinical settings. 

While the application of the new diagnostic criteria involving the use of sophisticated 

biomarkers examinations (1) is inaccessible in clinical practice, some options should 

be considered especially with the increase in prevalence and low diagnostic rates. 

These include the blood-based liquid plasma biopsies that have shown to be reliable 

for diagnosing AD. The procedure, which is not expensive, is considered less 

invasive and used as a proxy for molecular evaluation (19; 20). This can be reliably 

used in primary care in addition to other non-invasive and cost-effective diagnostic 

tools. 

Additionally, oral samples including samples of saliva provide a promising source of 

non-invasive biomarkers that have been less investigated and compete well with the 

more expensive tests for biomarkers examined using PET scans (21; 22). Iron-

binding protein lactoferrin (Lf), which is present in body fluids, is a promising 

biomarker candidate for AD diagnosis and MCI, as it indicates early antiviral activity 
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and is decreased in the saliva of patients with AD (21). Its levels have been shown to 

correlate with positive PET results. 

Furthermore, breath-based examination using gas chromatography—ion mobility 

spectrometry (GC-IMS) has also been shown to be a reliable non-invasive and less 

expensive diagnostic measure for AD compared to the current diagnostic criteria. 

This is because the technique distinguishes AD patients from controls with high 

sensitivity and specificity, even in the presence of confounders such as age, gender, 

smoking and alcohol consumption that each influences the breath content (23). This 

could confidently be considered with other measures such as the signs and 

symptoms and NPI test (17; 18). 

The neuropsychological examinations and nanopsychological testing have shown 

the suitability for use in conjunction with other diagnostic measures clinically. For 

example, the new nanopsychological testing tool is a touch screen computer-

automated neuropsychological test battery. The testing tool measures 

neurodegeneration in the dementia stage and has been shown to be an accurate 

and clinically good diagnostic measure to use in this late stage of AD (17). 

Other primary clinical diagnostic measures that form the basis of health science and 

are not fully emphasised in the current diagnostic criteria are the impairments 

associated with AD or the signs and symptoms. These impairments include: 

• The olfactory impairment. There is an association between the loss of smell and 

taste that precede the dementia stage, which has been demonstrated to be an 

early symptom (24; 25). However, there is no standard olfactory test(s) available 

in clinical practice to support the diagnosis of AD.  

• Vision changes seem to be overlooked in the early diagnosis of AD. Researchers 

(26; 27) have identified that the retina structural changes in examination predict 

AD early as well as the rate of progression. The retina, which is a sensory tissue 

that lines the back of the eye, converts light into a set of electrical signals and 

relays these signals to the brain along the optic nerve, it has demonstrated a link 

between cognitive capacity and visual acuity/ clarity (28). While structural 

changes like the shrinking of the retinal neurofibrillary layer (axon and ganglion 

cells that make up the optic nerve) have been identified in the late stage of AD, 

non-cognitive activities including visual perception and processing are affected at 
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the early stage of AD (29). This is an indication of neuropathy degeneration at 

the early stage of the disease. Hence, a good measure for clinical diagnosis is 

the retinal examination. 

• The retinal examination consists of digital retinal photography; a computer-

based-semi-automated technique that accurately quantifies retinal arteriolar 

central reflex and visual width similarity concerning the relationship between the 

microvascular health in the retina and the brain (30). Notwithstanding, even 

though the test has exhibited high sensitivity and specificity for the diagnosis of 

AD, it is not readily available in clinical practice. 

• Speech impairment has also been well noted in early AD including verbal fluency 

and word-finding difficulty while separating MCI and controls; AD and non-AD 

(31). A communicative difficulty is a sensitive tool that could adequately be used 

for the early diagnosis of AD. This is exhibited in the form of narrative discourse 

and production deficit identified in a small cohort (32). As speech impairment is 

detectable in the NPI test, it has to be emphasised as a contemporary measure 

to support the diagnosis in clinical practice; this is because it presently lacks 

clear guidelines. 

• Tinnitus, a false perception of sound without any external sound source is 

associated with altered pathways of auditory perception (33). While it is a 

comorbidity of hearing impairment, its sensory processing has also been 

associated with some cognitive functions such as learning, memory, behaviour, 

concentration and as a neurodegenerative soft sign, including AD in 

retrospective studies in small and large databases respectively (33; 34; 35). The 

correlation between this symptom and AD occurs early in the disease process 

and indicates the presence of AD with high accuracy. 

Understandably, there are views that AD pharmacological treatments are costly, 

risky and with minimal benefits (13); however, there are non-therapeutic 

interventions that have been developed and are still being studied that can improve 

the course of the disease (36). The current diagnostic criteria for AD are based on 

biomarkers examinations or machine learning and pattern recognition techniques 

that have made the diagnosis at the MCI level possible in the research settings. It is 

also understandable that the clinical diagnosis of AD is insufficient with the individual 
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self-reported symptoms and the assessment of behavioural, functional and cognitive 

status through NPI tests especially in the pre-symptomatic phase. 

However, the diagnosis at the pre-symptomatic stage can only be achieved for 

individuals who have been identified as being at risk of the disease either through 

genetics, age or exposure to specific environmental factors.  Otherwise, the current 

diagnostic measures are retrospective using databases from PET scans, CSF or 

MRI of debilitated individuals; at best, leading to the diagnosis of AD at the later 

stages of the disease. It remains to be seen if PET scan, MRI and CSF or the 

PredictND tool could be applied in the primary care setting. 

False-positive and negative are not unimportant in the early diagnosis of AD, 

especially with the less invasive, readily available biomarkers examinations. While 

the more sophisticated research-based biomarkers examinations present high 

accuracy and reliability in diagnosis, the clinical based less invasive and cheaper 

biomarkers examinations have equally shown high sensitivity and specificity. For 

instance, the blood-based examinations have reported a sensitivity of 90% and the 

combined use of structural-based CSF biomarkers Aβ and tau excluded false-

positive cases with a specificity of 97% (37). Before then, the blood biomarker 

examinations accurately identified AD several years before the clinical diagnosis with 

a likelihood positive ratio of 7:9 (38), indicating their high accuracy.  

Hence, for those that are at risk, we suggest that the current clinical procedure 

should include the signs and symptoms that are associated with the earliest stages 

of AD (25; 34; 27; 35) even before memory loss. For example, olfactory symptoms, 

auditory symptoms and vision changes, in association with the less invasive 

examinations of biomarkers have shown to be as effective at confirming an AD 

diagnosis as PET scans. These can be used together with plasma or saliva 

biomarkers tests that are less invasive, cheaper and readily available as a diagnostic 

measurement for the clinical settings. This will give physicians the confidence to 

make an earlier diagnosis within clinical practice and where there are 

disagreements, the more sophisticated tests available in research centres can be 

used for confirmation to reduce the cases of false-positive and negative cases.  

The signs and symptoms, and blood-based biomarkers should continue to be 

validated, adding in saliva biomarkers for extra reliability, while taking advantage of 
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the retinal biomarkers (including changes in retinal nerve fiber layer; thickness; 

degeneration, reduction in blood flow with other vascular changes and the presence 

of Aβ1–42 and p-tau) (26; 27). This is because they are each non-invasive, cost and 

time-efficient with low risk, and relevant at the early stage of the disease. These 

biomarkers could also support the diagnosis of AD in the developing world where the 

prevalence is high and there is a decreased chance of healthcare providers or 

citizens being able to afford to offer or undertake tests that support the current 

diagnostic criteria.  

The chances of false-positive and negative will be reduced with standardisation of 

the samples, correlation between analysis threshold, values and storage time. This is 

exemplified by the significant differences in the results of a multi-centre study on the 

deregulation of four microRNA (miRNAs) in the CSF of individuals with AD (39) 

which were shown to be caused by issues with standardisation.  If, as reported by 

Alzheimer's Disease International (4), that someone develops dementia every three 

seconds then urgent measures are needed to improve the diagnostic rate for AD and 

facilitate timely intervention. Therefore, we are calling for a concerted effort to 

identify and facilitate the use of a predictive and a diagnostic tool that can easily be 

applied in the clinical setting to support the early diagnosis of AD.  This is possible 

with improved primary care-based routine electronic health records (EHR), and the 

advance of machine learning (ML) techniques.  

 

Keywords 

Alzheimer’s disease; Early diagnosis; Diagnostic criteria; Biomarkers examinations; 

early signs and symptoms; Less invasive. 

 

 

 

 

 



11 
 

Abbreviations 

AD: Alzheimer’s disease; ADNI: AD Neuro Imaging; CSF: Cerebro Spinal Fluid; CT: 

Computed Tomography; EEG: EHR: Electronic Health Records; 

Electroencephalography; EVestG: Electrovestibulography; GC-IMS: Gas 

Chromatography—Ion Mobility Spectrometry; LT: Lacto Ferrin; MicroRNA: Micro 

Ribonucleic Acid; ML: Machine Learning; MRI: Magnetic Resonance Imaging; NF: 

Neuro Filament; NFT: Neuro Fibrillary Tangle; NPI: Neuro Psychological Inventory; 

PET: Positron Emission Tomography; SCD: Subjective Cognitive Decline. 

Declarations: 

Authors’ contributions 

FB, BG, DP and YP conceived and participated in the design, drafting, reading and 

approval of the final manuscript for this publication. 

Ethics opinion: Not applicable as this is a commentary. 

Consent for publication: Not applicable. 

Availability of data: Open access sources were used. 

Competing interest: “We have read and understood the policy on the declaration of 

interests and declare that we have no competing interests”. 

Funding: The research received no specific grant from any funding agency in the 

public, commercial or not-for-profit sectors. 

Acknowledgment: Not applicable. 

Author’s information: Not applicable 

 

 

 

 

 



12 
 

References 

1. Jack Jr CR, Bennett DA, Blennow K, Carrillo MC, Dunn  B, Haeberlein SB, 

Holtzman DM, Jagust W, Jessen F, Karlawish J, Liu E. NIA‐AA research 

framework: toward a biological definition of Alzheimer's disease. Alzheimer's 

& Dementia, 14(4) pp.535-562 (2018).  

2. Alzheimer’s disease International. World Alzheimer report 2018. London. 

Available at: https://www.alzint.org/resource/world-alzheimer-report. 

3. Black CM, Fillit H, Xie L, Hu X, Kariburyo MF, Ambegaonkar BM, Baser O, 

Yuce H, Khandker RK. Economic burden, mortality, and institutionalization in 

patients newly diagnosed with Alzheimer’s disease. Journal of Alzheimer's 

Disease, 61(1) pp.185-193(2018). 

4. Alzheimer’s Disease International. 2020. Dementia Statistics. Available at: 

https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/.  

5. Lowe VJ, Kemp BJ, Jack CRJr, Senjem M, Weigand S, Shiung M, Smith G, 

Knopman D, Boeve B, Mullan B, Petersen RC. Comparison of 18F-FDG and 

PiB PET in cognitive impairment', Journal of Nuclear Medicine: Official 

Publication, Society of Nuclear Medicine, 50 (6) pp.878-886 (2009).  

6. Dickerson BC, Stoub TR, Shah RC, Sperling RA, Killiany RJ, Albert MS, 

Hyman BT, Blacker D, Detoledo-Morrell L. Alzheimer-signature MRI 

biomarker predicts AD dementia in cognitively normal adults', Neurology, 76 

(16) pp.1395-1402 (2011).  

7. Hoglund K, Fourier A, Perret-Liaudet A, Zetterberg H, Blennow K,  Portelius 

E. Alzheimer's disease — Recent biomarker developments in relation to 

updated diagnostic criteria, Clinica Chimica Acta, 449 pp.3-8 (2015).  

8. Mapstone M, Cheema AK, Fiandaca MS, Zhong X, Mhyre TR, MacArthur LH, 

Hall WJ, Fisher SG, Peterson DR, Haley JM. Plasma phospholipids identify 

antecedent memory impairment in older adults', Nature Medicine, 20 (4) 

pp.415-418 (2014).  

9. Baudier J, Deloulme JC, Van Dorsselaer A, Black D, Matthes HW. Purification 

and characterization of a brain-specific protein kinase C substrate, 

neurogranin (p17). Identification of a consensus amino acid sequence 

between neurogranin and neuromodulin (GAP43) that corresponds to the 

https://www.alzint.org/resource/world-alzheimer-report
https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/


13 
 

protein kinase C phosphorylation site and the calmodulin-binding domain', 

The Journal of Biological Chemistry, 266 (1) pp.229-237(1991). 

10. Kvartsberg H, Duits FH, Ingelsson M, Andreasen N, Öhrfelt A, Andersson K, 

Brinkmalm G, Lannfelt L, Minthon L, Hansson O. Cerebrospinal fluid levels of 

the synaptic protein neurogranin correlates with cognitive decline in prodromal 

Alzheimer's disease, Alzheimer's & Dementia (2015). 

11. Pijnenburg YA, Janssen JC, Schoonenboom NS, Petzold A, Mulder C, 

Stigbrand T, Norgren N, Heijst H, Hack CE, Scheltens P,  Teunissen CE. CSF 

neurofilaments in frontotemporal dementia compared with early onset 

Alzheimer's disease and controls', Dementia and Geriatric Cognitive 

Disorders, 23 (4) pp.225-230 (2007).  

12. Horgan D, Nobili F, Teunissen C, Grimmer T, Mitrecic D, Ris L, Pirtosek Z, 

Bernini C, Federico A, Blackburn D, Logroscino G. Biomarker Testing: 

Piercing the Fog of Alzheimer’s and Related Dementia. Biomedicine hub, 5(3) 

pp. 84-105 (2020). 

13. Turner RS, Stubbs T, Davies DA, Albensi BC. Potential new approaches for 

diagnosis of Alzheimer's disease and related dementias. Frontiers in 

neurology, 11, pp.496 (2020). 

14. Bature F, Guinn B, Pang D, Pappas Y. Perspectives of general practitioners 

on the issues surrounding the late diagnosis of Alzheimer’s Disease. Journal 

of Alzheimer's Disease Reports, 2(1) pp. 207-212 (2018a). 

15. Bature F, Guinn BA, Pang D, Pappas Y. Signs and symptoms preceding the 

diagnosis of Alzheimer’s disease a systematic scoping review of literature 

from 1937 to 2016. BMJ Open, 7(8) pp. e015746 (2017).  

16. Beltran JF, Wahba BM., Hose N, Shasha D, Kline RP. Alzheimer’s Disease 

Neuroimaging Initiative. Inexpensive, non-invasive biomarkers predict 

Alzheimer's transition using machine learning analysis of the Alzheimer’s 

Disease Neuroimaging (ADNI) database. PloS one, 15(7) pp.e0235663 

(2020). 

17. Tolonen A, Rhodius-Meester HF, Bruun M, Koikkalainen J, Barkhof F, 

Lemstra AW, Koene T, Scheltens P, Teunissen CE, Tong T, Guerrero R. 

Data-driven differential diagnosis of dementia using multiclass disease state 

index classifier. Frontiers in aging neuroscience, 10, pp.111 (2018). 



14 
 

18. Bruun M, Frederiksen KS, Rhodius-Meester HF, Baroni M, Gjerum L, 

Koikkalainen J, Urhemaa T, Tolonen A, Van Gils M, Tong T, Guerrero R. 

Impact of a clinical decision support tool on dementia diagnostics in memory 

clinics: the PredictND validation study. Current Alzheimer Research, 16(2) 

pp.91-101 (2019). 

19. Toden S, Zhuang J, Acosta AD, Karns AP, Salathia NS, Brewer JB, Wilcock 

DM, Aballi J, Nerenberg M, Quake SR, Ibarra A. Noninvasive characterization 

of Alzheimer’s disease by circulating, cell-free messenger RNA next-

generation sequencing. Science advances, 6(50) pp.eabb1654 (2020). 

20. Keshavan A, Pannee J, Karikari TK, Rodriguez JL, Ashton NJ, Nicholas JM, 

Cash DM, Coath W, Lane CA, Parker TD, Lu K. Population-based blood 

screening for preclinical Alzheimer’s disease in a British birth cohort at age 

70. Brain, 144(2) pp.434-49 (2021). 

21. Dupree EJ, Darie, CC. Examination of a non-invasive biomarker for the 

diagnosis of prodromal Alzheimer's disease and Alzheimer's disease 

Dementia. EBioMedicine, 57 (2020). 

22. Paraskevaidi M, Allsop D, Karim S, Martin FL, Crean S. Diagnostic 

Biomarkers for Alzheimer’s Disease Using Non-Invasive Specimens. Journal 

of Clinical Medicine, 9(6) pp.1673. (2020). 

23. Tiele A, Wicaksono A, Daulton E, Ifeachor E, Eyre V, Clarke S, Timings L, 

Pearson S, Covington JA, Li X. Breath-based non-invasive diagnosis of 

Alzheimer’s disease: A pilot study. Journal of breath research, 14(2) 

pp.026003 (2020). 

24. Stamps JJ, Bartoshuk LM, Heilman KM. A brief olfactory test for Alzheimer's 

disease. Journal of the neurological sciences, 333(1-2) pp.19-24 (2013).  

25. Gros A, Manera V, De March CA, Guevara N, König A, Friedman L, Robert P, 

Golebiowski J, David R. Olfactory disturbances in ageing with and without 

dementia: towards new diagnostic tools. The Journal of Laryngology & 

Otology, 131(7) pp.57h2-579 (2017).  

26. Guo J, Ni S, Li Q, Wang JZ, Yang Y. Folate/Vitamin B alleviates 

hyperhomocysteinemia-induced Alzheimer-like pathologies in rat 

retina. Neuroscience Bulletin, 35(2) pp.325-335 (2019).  

27. Alber J, Goldfarb D, Thompson LI, Arthur E, Hernandez K, Cheng D, DeBuc 

DC, Cordeiro F, Provetti‐Cunha L, den Haan J, Van Stavern G P. Developing 



15 
 

retinal biomarkers for the earliest stages of Alzheimer's disease: What we 

know, what we don't, and how to move forward. Alzheimer's & 

Dementia, 16(1) pp.229-243 (2020). 

28. Rogers MA, Langa KM. Untreated poor vision: a contributing factor to late-life 

dementia. Am J Epidemiol 171(6) pp. 728-35(2010). 

29. T Reed B, Behar-Cohen F, Krantic S. Seeing early signs of Alzheimer's 

disease through the lens of the eye. Current Alzheimer Research, 14(1) pp. 6-

17(2017). 

30. Frost S, Bhuiyan A, Offerman D, D Doecke J, Lance Macaulay S, R Sohrabi 

H, Ames D, Masters C, N Martins R, Kanagasingam Y. Modulation of retinal 

arteriolar central reflection by APOE genotype. Current Alzheimer Research, 

14(9) pp.916-23 (2017). 

31. Swan K, Hopper M, Wenke R, Jackson C, Till T, Conway E. Speech-language 

pathologist interventions for communication in moderate-severe dementia: A 

systematic review. American journal of speech-language pathology, 27(2) 

pp.836-852 (2018).  

32. Mazzon G, Ajčević M, Cattaruzza T, Menichelli A, Guerriero M, Capitanio S, 

Pesavento V, Dore F, Sorbi S, Manganotti P, Marini A. Connected speech 

deficit as an early hallmark of CSF-defined Alzheimer's disease and 

correlation with cerebral hypoperfusion pattern. Current Alzheimer Research, 

16(6) pp. 483-94 (2019). 

33. Chu HT, Liang CS, Yeh TC, Hu LY, Yang AC, Tsai SJ, Shen CC. Tinnitus and 

risk of Alzheimer’s and Parkinson’s disease: a retrospective nationwide 

population-based cohort study. Scientific reports, 22; 10(1) pp.1-8 (2020). 

34. Bature F, Pang D, Robinson A, Polson N, Pappas Y, Guinn B. Identifying 

patterns in signs and symptoms preceding the clinical diagnosis of 

Alzheimer's disease: retrospective medical record review study and a nested 

case-control design. Current Alzheimer Research, 15(8) pp.723-730 (2018b). 

35. Chu HT, Liang CS, Yeh TC, Hu, LY, Yang, AC, Tsai SJ, Shen CC. Tinnitus 

and risk of Alzheimer’s and Parkinson’s disease: a retrospective nationwide 

population-based cohort study. Scientific reports, 10(1) pp.1-8 (2020). 

36. Pandey G, Ramakrishnan V.Invasive and non-invasive therapies for 

Alzheimer’s disease and other amyloidosis. Biophysical Reviews, pp.1-12 

(2020). 



16 
 

37. Nabers A, Hafermann H, Wiltfang J, Gerwert K. Aβ and tau structure-based 

biomarkers for a blood-and CSF-based two-step recruitment strategy to 

identify patients with dementia due to Alzheimer's disease. Alzheimer's & 

Dementia: Diagnosis, Assessment & Disease Monitoring, 1(11) pp.257-63 

(2019).  

38. Nabers A, Perna L, Lange J, Mons U, Schartner J, Güldenhaupt J, Saum KU, 

Janelidze S, Holleczek B, Rujescu D, Hansson O. Amyloid blood biomarker 

detects Alzheimer's disease. EMBO molecular medicine, 10(5) pp.e8763 

(2018). 

39. Swarbrick S, Wragg N, Ghosh S, Stolzing A. Systematic review of miRNA as 

biomarkers in Alzheimer’s disease. Molecular neurobiology, 56(9) pp.6156-

67(2019). 

 

 

 

 

 


