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Alzheimer’s disease (AD) is a degenerative cognition-declining disease with no clear under-

standing of the underlying mechanisms. Currently, no effective therapeutics are available for 

AD. Amyloid-β (A-β) plaques and tau tangles were considered as the contributing factors to the 

development of AD. In contrast, controversial exists due to efforts focusing on A-β as a phar-

macological therapeutic target was failed. Emerging evidence appeared for the external stimuli 

applied through vision (LED) and hearing (~40Hz) to certain intensity to dementia subjects with 

promising results such as reducing A-β and tau tangles in the brain tissue, increasing the brain 

volume reducing the decline of daily activities and mental status. This optogenetic and 

sound-derived digital therapeutic maneuver provides a striking way for conquering the devel-

opment of AD. 
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LZHEIMER’S disease (AD), a global public health 

priority recognized by World Health Organization, is 

the most common cause of dementia (50%-75%) af-

fecting daily activities through intervening cognition. The num-

ber of people suffering from AD is extremely large. It is pre-

dicted that by 2050, the world population with AD would be 

tripled, and the annual cost of dementia in the USA alone may 

exceed $600 billion USD (1). AD is roughly doubling in preva-

lence every 5 years after age 65 (1, 2). 

Accordingly, between 1998 and 2017, 146 new AD drugs 

have failed in clinical trials worldwide, the clinical success rate 

is only 2.7% (3). At present, there are only 5 kinds of AD treat-

ment drugs approved by the FDA (including a compound prepa-

ration), all of which can only improve the symptoms of AD, and 

cannot really delay the disease process (4). The repeated failures 

of new drugs and the successive failures of top companies with 

first-class R&D capabilities have even caused some scholars to 

doubt whether our cognitive basis for AD is wrong. 

At the 15th International Conference on Alzheimer’s and 

Parkinson’s Disease (AD/PD™2021) in 2021 (5), Cognito 

Therapeutics presented data from a Phase II clinical study of 

digital therapy gamma frequency neuromodulation. The therapy 

was developed from prior studies that  found 40Hz 

sound/stimulation light can reduce β-amyloid in the brain and 

improve cognition (6-8). This therapy is carried out through a 

device called GammaSense, which is completely non-invasive 

and has good safety and tolerability. From the data, 1-hour daily, 

6-month treatment can significantly delay disease progression in 

patients with mild to moderate AD, slowing the decline in scores 

of Alzheimer’s Disease Cooperative Study – Activities of Daily 
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Figure 1. Aging-related Changes in Neuronal Activities and Cognition Decline. 

 

 

Living (ADCS-ADL) by 84%, and slowed the Mini-Mental 

State Examination (MMSE) scores by 83%, and brain shrinkage 

was significantly reduced by 61% (9).  

In the face of AD with complex mechanisms and many po-

tential targets, the solution proposed in this paper turned out to 

be LED lights (6)? In the study, Iaccarino et al. noticed a 

phe-nomenon that in the brains of patients with diseases such as 

brain injury, schizophrenia, and AD, there is often confusion in 

the gamma brain waves with frequencies of 30-90 Hz (6). Brain 

waves can be said to be the visualization of neuronal connec-

tions in the brain, and the disorder of gamma waves is likely to 

mean the disorder of neuron functions. This cannot help making 

the researchers guess, if the gamma wave can be restored by 

certain means, can the normal function of the neurons be re-

stored? Initial attempts were achieved through optogenetics, 

which is the modulation of neuronal activity through implanted 

optical fibers and photoreceptors on nerve cells (10). The ex-

perimental results are very surprising. Using a frequency of 

40Hz, only one hour of treatment can reduce amyloid-β (A-β) in 

the brain of AD mice by 40%-50%. The researchers asked what 

about using an external light source? Through both eyes, these 

lights can also reach deep into the nerves. Sure enough, using 

LED lights with a light source frequency of 40Hz to illuminate 

the mice, the frequency of gamma waves in the visual cortex of 

the mouse brain really keeps up with the rhythm, and the A-β 

was reduced with the reduction of the concentration of tau pro-

tein. 

This study is just the beginning of a series of studies. More 

than two years later, they published a paper again (6), pointing 

out that in addition to light stimulation, 40Hz sound stimulation 

can also reduce A-β in the mouse brain, and the stimulation 

range is wider. Light can only affect the visual cortex, while 

sound can touch the auditory cortex and CA1 area in the hippo-

campus (11, 12). Combined with sound and light, the synergetic 
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effect of “1+1>2” can be achieved, which further expands the 

scope of the affected brain area. After one hour a day and one 

week of treatment, the total plaque volume in the prefrontal 

cortex of the mice was reduced by 37%. 

Another study presented a detailed explanation (13). It 

turns out that the regulation of gamma waves mainly induces 

scavengers in the brain, i.e., the morphological changes and 

gene expression changes of microglia, reduces the inflammatory 

response of microglia, and also protects neuronal synaptic func-

tion. 

According to the trial design published on clinicaltrials.gov 

(14), the OVERTURE trial is a phase I/II randomized controlled, 

single-blind, multicenter study. They expect to recruit 60 pa-

tients aged 55 years and older with mild to moderate dementia 

(MMSE score 14-26), subjects were randomly assigned 2:1 to 

treatment and control groups for one hour per day for six months, 

and the control group used a sham device. The trial will use 

MMSE and ADCS-ADL to assess cognitive and memory func-

tion, and use structural magnetic resonance imaging (MRI) to 

assess changes in patients’ brain volume. Published clinical trial 

data showed that 76 mild-to-moderate AD patients over the age 

of 50 were actually recruited. During the 6-month treatment 

period, gamma frequency neuromodulation therapy was safe and 

well-tolerated; compared with the control group, the 

ADCS-ADL score decreased by 84% and the MMSE score de-

creased by 83% in the treatment group, which was associated 

with AD Brain shrinkage and brain volume loss decreased by 

61%. Given the dramatic improvement in brain atrophy, it is 

believed that gamma-frequency neuromodulation therapy has 

the potential to actually change the course of the disease. If veri-

fied in a larger-scale study, it will undoubtedly bring a huge 

medical breakthrough to the treatment of AD. Of course, this 

will also be the first digital therapy to truly delay the occurrence 

of AD. 

Light and sound are key stimuli for the initiation of human 

cognitive development. At any age, light and sound are im-

portant means of information acquisition, neuronal activation, 

and emotional function (15). However, in late adulthood, with 

the increase of age, the organs of the human body begin to age, 

in which the decline in vision and hearing gradually reduces the 

amount of information transmitted to the brain. This will lead to 

a decrease in the external stimulation of the brain (16). At this 

time, along with the aging of the brain itself, the sensitivity to 

information stimulation decreases. The result of the combination 

of the two is a sharp decline in the function and activity of brain 

neurons (17). This will be accompanied by the production of a 

protective response in the brain, which is manifested by in-

creased A-β synthesis and tau tangles (18, 19). The increase in 

the amount of both A-β and tau tangles makes the functional 

balance of brain neurons shift after a period of accumulation, 

and its external manifestation is the occurrence of various de-

mentia-related neurological symptoms (20). Therefore, using 

external sound waves of a certain frequency and light waves of 

certain intensity to stimulate the brain at the above stage, ac-

cording to the available data, has certain feasibility. By combin-

ing these two ways to form a digitally controlled stimulator such 

as a virtual reality headset and applying it to a suitable group of 

people, it has practical operability (Figure 1).■ 
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