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One of the most severe neurodegenerative diseases, Alzheimer's disease is 

typified by steady cognitive deterioration, memory loss, and observable 

variation. Despite decades of research, the precise mechanisms underlying the 

pathophysiology of AD are still unknown. Recent advances have brought to light 

crucial molecular mechanisms underlying this illness, including synaptic 

dysfunction, amyloid-beta plaque accumulation, brain inflammation and tau 

protein hyperphosphorylation. These mechanisms are currently being described 

as probable biomarkers for ongoing illness progression monitoring and early 

detection. Laterally, cutting-edge biosensors technologies are revolutionizing 

how we monitor and analyze these biomarkers. Electrochemical, optical, and 

wearable biosensors are revolutionizing the detection of Alzheimer's disease 

(AD) by providing non-invasive, real-time, highly sensitive, and specific methods 

for measuring AD-related biomarkers. The development of this technology has 

the potential to greatly enhance early diagnosis, customize treatment regimens, 

and track the disease continually. By providing insight into the fundamental 

processes of AD, these biosensors are opening up new avenues for diagnosis and 

treatment, which will ultimately result in better patient outcomes.  
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Introduction  

Alzheimer’s disease (AD) is an irretrievable, obscure, and 

overwhelming neurodengerative disorder defined by 

progressive, persistent, recognizable failure and 

consciousness and the main cause of dementia [1-2]. This 

incurable illness influenced more than 50 million people in 

2019 and this count is predicated to rise to 152 million by 

2050 according to Alzheimer’s disease International (ADI) 

and World health Organization (WHO) [3]. This situation 

stands as serious threat for the health system; therefore, AD 

get up to 604 billion dollars in damages in 2010. Despite the 

greatest danger factor for AD is age related, hereditary 

abnormalities can possibly cause AD in those below 65. 

Although it only makes up 4% of all cases, early-onset AD 

is uncommon [4]. Affected brains show two specific 

aberrant molecular structures as the disease progresses: 1) 

the generation of intraneuronal neurofibrially tangled of 

hyperphosphorylated tau protein, and 2). The extracellular 

collection of amyloid beta peptide (Aβ) in deposit over the 

neurons is recognized as senile plaques [5].     

This study examines the new findings into the molecular 

mechanism of AD involving tau protein, 

hyperphosphorylation, amyloid-beta (Aβ) plaque 

aggregation, synaptic dysfunction, and neuroinflammation, 

have opened up current importance for the exploration for 

probable biomarkers and therapeutically goal. By offering 

unique, non-invasive, real time method for characterizing 

biomarkers and follow up of the progression of AD, recent 

biosensor technologies are also revolutionize the diagnosis 

and observation of AD [5-6]. 

Molecular Mechanism  

Alzheimer's disease is a progressive neurodegenerative 

disease that involves a combination of factors. The exact 

cause of Alzheimer's disease is unknown, but a combination 

of genetic, environmental, and lifestyle factors likely plays 

a role [7]. Alzheimer's disease [AD] is a progressive 

neurodegenerative disorder that gradually erodes cognitive 

function, memory, and ultimately, the ability to carry out 

everyday tasks abnormal protein accumulation. While the 

exact cause of AD remains elusive, researchers have made 

significant strides in understanding the underlying 

mechanisms that contribute to its development [8].    

In AD affected individual exhibited aberrant tau and beta-

amyloid protein accumulations [9]. The precise mechanism 

of Alzheimer’s disease is not entirely understood but 

generally characterized by the accumulation of two aberrant 

proteins in the brain: amyloid-beta plaques and tau 

neurofibrillary tangles. These proteins impair normal brain 

function, leading progressive cognitive deterioration and 

cell death. (10). 
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Fig:1Amyloidbeta plaques in Alzheimer's disease 

It is not entirely clear that how Alzheimer’s disease works, 

but the following steps are thought to be involved: 

 Amyloid-beta (Aβ) plaque formation: 

• β is a fragment of a larger protein called 

amyloid precursor protein (APP) [11].    

• In healthy individuals, the brain typically 

gets rid of Aβ. 

•  Aβ builds up between neurons in 

Alzheimer’s disease and form plaques.    

• Inflammation may arise due to disruption of 

neural connections brought on by these 

plaques [12]. 

     Tau protein aggregation: 

• Tau protein is normally involved in 

stabilizing microtubules, which are part of 

the neuron's transport system [13].    

• In Alzheimer's disease, tau protein becomes 

hyperphosphorylated, causing it to misfold 

https://www.frontiersin.org/journals/molecular-neuroscience/articles/10.3389/fnmol.2020.609073/full
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and aggregate into neurofibrillary tangles 

[14].    

• These tangles disrupt the neuron's transport 

system and lead to cell death [13-14].     

Other factors that may contribute to Alzheimer's disease 

include [15]: 

• Inflammation: Inflammation in the brain can 

damage neurons and contribute to the formation of 

plaques and tangles.    

• Oxidative stress: Oxidative stress can damage cells 

and contribute to the progression of Alzheimer's 

disease.    

• Genetics: The risk of Alzheimer’s disease is 

enhanced due to several genes, including APOE ε4.   

• Lifestyle Factors: The risk of AD may be 

influenced by variables such as diet, exercise, and 

cognitive stimulation.  

Biosensors and its impact in AD diagnosis  

Biosensors are analytical appliances that transcribe 

biological measures into quantitative signals.  A diverse 

field containing sports [16-18], security [18-20] and the 

climate could be reconstituted by these appliances [21-22]. 

Because of their immediate, economical and unequivocal 

analyses, biosensor holds pledge as appliance to aid in the 

recognition of various illnesses in the field of medical [23-

26].  On the basis of principles of detection, these are 

categorized and new advancements in wearable, optical and 

electrochemical sensors have the possibility to revolutionize 

clinical practice [27-29]. 

 Neurochemical Biosensors: - Depression may occur due 

to an imbalance of some neurochemicals involving the stress 

hormones cortisol, serotonin, dopamine, and acetylcholine. 

A glucocorticoid hormone that is cortisol is elevated, which 

is linked to stress and mood disorders as well. 

Unconventional biosensors directly support the detection of 

neurochemical markers in sweat, sputum, and blood, 

contributing an unambiguous and non intrusive action to 

determine biochemical variations that signify depression 

[30-35]. 

 Heart rate variability (HRV) sensor: - Variation in heart 

rate can also lead to changes in cognitive and emotional 

states. Depressed patients usually have intimacy of 

tachycardia or diminished heart rate variability (HRV), 

which is associated with disruption of the autonomic 

nervous system. Diminished HRV offers lesser 

parasympathetic nervous system activity, though 

tachycardia is generally associated with elevated 

sympathetic nervous system stimulation. These variations 

are precisely connected with anxiety and psychological 

stress [36].  

A prominent non-invasive technique for observing and 

documenting heart electrical disruption is 

electrocardiograms (ECGs). To report cardiac electrical 

activity in twelve specific directions, conventional twelve- 

lead ECG systems utilize ten Ag-AgCl electrodes situated at 

particularized body sites. There are usually fewer electrodes 

used in wearable technology, which can be greatly 

partitioned into 2 types, namely dry electrodes and wet 

electrodes (gel electrodes 

) [37]. Using ordinary wearable technology, heart rate 

observing technologies are relatively advanced [38]. A 

smartwatches uses a photoplethysmorgraphy (PPG) sensor 

to record heart rate variability. 

The arterial pulse waves generated by the heart’s recurrent 

contraction and relaxation can be further detected to regulate 

heart rate. Stretchy and highly conformal patches are used 

to record insignificant mechanical vibration in the sternum 

in order to trace heart rate [39].  

Thus, HRV sensors used in smartwatches, fitness trackers, 

or ECG devices regularly measure the fluctuation in the 

intervals between heartbeats, contributing significant facts 

about emotional states and autonomic function.  

 Sleep and Circadian monitoring:- 

Several studies have verified that patients with depression 

usually have difficulty sleeping. Circadian rhythm troubles 

have been associated with depression [40]. The extent of the 

depression problem is further associated with the extent of 

circadian rhythm misalignment [31-42].  Polysomnography 

(PSG), which incorporates reports from EEG, 

electromyography (EMG), electrooculography (EOG), 

electrocardiography (ECG), respiration sensors, and blood 

oxygen saturation sensors, is the gold standard for equitably 

analyzing sleep aspects. These mixed findings are used to 
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build clinical analysis. Still, this approach constrains 

examining in a controlled laboratory atmosphere for 12 

hours, which prepares assessments significantly bulky. 

Diverse wearable sleep monitoring systems have lately 

surfaced, commonly linking heart rate sensors [43] 

neuroelctrical signal electrodes [44], accelerometers [45] 

and audio-based breathing sensors 46]. Wang and 

colleagues, for instance, designed a ring -shaped wearable 

appliance that merges accelerometers, skin temperature 

sensors, heart rate sensors to measure stress levels and 

sensitive perception. A highest efficiency of 83.5 was 

accomplished by this system when joined with a backend 

IoT platform [47].  

Electrodermal Activity (EDA) sensors:  A depends on 

skin conductance and  resistance fluctuating with sweat 

excretion. Several studies have concluded that depression is 

linked with electrodermal hypoactivity. Specifically, 

depressed people had lesser skin conductance (SCL) and the 

extent of skin conductance response (SCR) and elevated 

SCR inactivity as compared to healthy individuals [48-49].  

 

Combined Wearable system  

Physiological data containing heart rate variability, skin 

temperature and conductance, muscular movement, blood 

pressure, and brain electrical impulses have been exhibited 

to be vigorously connected with psychological stress in prior 

studies [50]. The progressive usage of medical accessories 

for monitoring body temperature, heart rate, breathing rate, 

arterial blood pressure, and oxygen saturation has been 

made easier in current years by progress in wearable 

biosensors and wireless transmission. Depression ancillary 

diagnosis and wireless, real-time, customized observations 

are now achievable.      

Conclusion 

One of the most severe neurodengerative diseases to 

diagnose. Alzheimer’s disease has tangled molecular 

pathways and a demands potent initial detection method. 

Recent developments in understanding of the biology 

underlying AD have produced a number of curious 

biomarkers that can be used to track the progress of the 

illness. The detection of these biomarkers is being 

revolutionized at the same time by the advancement of 

biosensor technologies, which bring non-invasive, real-

time, and extremely sensitive techniques for AD early 

detection and successful monitoring. Despite there are still 

concerns about growing and validating these technologies, 

biosensors have enormous promise to enhance diagnosed 

customized interest and observe the course of disease. With 

endless advancement and expanded integration into clinical 

practice, these technologies have the potential to incredibly 

strengthen Alzheimer’s disease care.  
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