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Abstract
Noise as an environmental stressor becomes of increasing importance in our industrialized world, and especially traffic noise 
from the environment represents a potential novel neurodegenerative risk factor, as well as for hearing loss. A significant 
number of studies have been suggested that the overproduction of reactive oxygen species (ROS) has a complex role in stimu-
lation of pathologic events. Experimental studies upon molecular pathways of traffic noise exposure proposed that it increased 
the level of stress hormones and mediated the inflammatory and oxidative stress (OS) pathways resulting in endothelial and 
neuronal dysfunction. Studies have shown that neurons are especially sensitive to OS due to high polyunsaturated fatty acids 
content in membranes, high oxygen uptake, and weak antioxidant defense. However, OS induces the necrotic and apoptotic 
cell deaths in the cochlea. Chronic noise is one of the many overall reasons of obtained sensorineural hearing loss which 
destroys cognitive functions in human and animals, as well as suppresses neurogenesis in the hippocampus. Nevertheless, 
behavioral disorders caused by noise are mainly accompanied with oxidative stress, but the clear molecular mechanism of 
neurodegeneration due to disruption of the pro- and antioxidant systems is still not fully understood. This paper aims to 
highlight the down-stream pathophysiology of noise-induced mental disorders, including hearing loss, annoyance, anxiety, 
depression, memory loss, and Alzheimer’s disease, describing the underlying mechanisms of induction of inflammation 
and oxidative stress.
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Introduction

Sound is considered to be one of the most important means 
of communication, but its longevity and high level known 
as noise are unwanted and harmful to humans and animals. 
Still in the beginning of the twentieth century, Nobel Prize 
winner Robert Koch predicted “One day man will have 
to fight noise as strongly as cholera and the plague” [1]. 
Urbanization and economic growth are some of risk factors 
for environmental noise-induced health disorders. Along 
with intensive industrialization and modernization, noise 
pollution in the workplace and industry has become an una-
voidable public health problem [2]. According to the World 
Health Organization (WHO), environmental noise influence 

is unfavorable for health as the consequences are the worst. 
It has been confirmed that exposure to traffic-related noise 
accounts for a yearly loss of more than 1.5 million years of 
healthy life with 61,000 years for ischemic heart disease, 
45,000 years for cognitive impairment of children, 903,000 
years for sleep disturbance, 22,000 years for tinnitus, and 
654,000 years for annoyance [3].

The decibel (dB) scale is a unit of measurement for noise, 
in which zero is counted the quietest, while sound intensity 
is calculated by doubling every three decibels. The sound 
level measured in dB (A) is to evaluate the frequencies of 
different sound waves by humans, which is very important 
for health protection. According to advisory guidelines, the 
risky threshold for humans’ health is 50 to 55 dB (A) [4]. 
Epidemiological studies have shown that level of noise may 
be very important in different disorders and reported that 
noise intensity of <60 dB may cause depressive symptoms, 
while >60 dB may lead to more impacts [5]. News reports 
document intermittent exposure to loud outdoor noise levels 
of 85 to 130 dB or greater is common, especially among the 
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youngs. Noise becomes stressful at 90 dB and contributes 
to the development [6] of many harmful auditory and non-
auditory disorders (Fig. 1).

Chronic auditory stress leads to annoyance and sleep 
disturbance followed by reduction in social contacts [7]. 
Thereby, loud noise as a strong stressor changes the func-
tions of the central nervous system (CNS) by breaking regu-
lation of behavioral responses. One of the immediate targets 
of loud noise in the brain is the CNS, which sends stressful 
stimuli through the brain, altering retinal formation activ-
ity and, as a result, disrupting the sleep-waking cycle [8]. 
In addition, loud noise causes neuropsychiatric effects such 
as emotional stress and anxiety [9]. Hjortebjerg et al. have 
shown that road traffic resulted in attention deficit hyperac-
tivity disorder in children [10].

Nowadays, many studies demonstrated hazardous effects 
of noise stress on brain functions, such as memory and learn-
ing [11, 12]. Besides, chronic noise at the level of 90–100 dB 
promotes development of OS in various regions of the brain 
followed by release of stress hormones and anxiety, i.e., the 
fight/flight response [13, 14]. Environmental noise expo-
sure has been established as a phenomenon causing annoy-
ance and mental stress reactions, resulting in sympathetic 
and endocrine hyperactivation, and psychological disorders 
such as depression and anxiety. Noise stress was found to 
change the brain neurotransmitter levels, cause atrophy of 
dendrites, and elevate plasma corticosterone levels exerting 
psychological symptoms. Environmental exposures cause 
the morpho-functional and metabolic changes resulting in 
diseases development, both auditory and non-auditory [15]. 
The non-auditory health impacts of noise are less studied, 
but are of crucial importance due to a wide prevalence 
among the millions of people. This paper aims to highlight 
the down-stream pathophysiology of noise-induced men-
tal disorders, including hearing loss, annoyance, anxiety, 

depression, memory loss, Alzheimer’s disease, describing 
the underlying mechanisms which are based on induction 
of inflammation and oxidative stress.

Molecular mechanisms of noise‑induced 
annoyance, anxiety, and depression 
and their effects

Biological systems tend to get adapted to noise influence, 
which depends on the person’s age, neuro-humoral state, and 
duration and level of noise. It is known that there are two 
main pathways for development of pathologies caused by 
noise influence, the direct and indirect ones [16]. The direct 
pathway is determined by the immediate interaction of the 
acoustic nerve with brain different structures. Annoyance, 
which modifies the negative emotional reactions, is a result 
of indirect pathway of noise exposure and conditioned by 
the cognitive perception of the sound, its cortical activa-
tion, and further emotional influence. The fight/flight and 
defeat reactions involve the hypothalamus, and thereby the 
autonomic nervous, the endocrine, and the limbic systems. 
If experienced chronically, stress-induced annoyance may 
even cause the development of cardiovascular disease [17]. 
The most common public reaction to environmental noise 
impact is annoyance. Severe annoyance has been associated 
with reduced well-being and health, and because of the high 
prevalence level, annoyance contributes to the exaggeration 
of disease course due to environmental noise. According 
to research data, only 20.7% of people exposed to noise 
were not annoyed; but 52.8% had moderate annoyance. The 
study results also revealed annoyance by noise exposure 
with depression and anxiety combination [18]. While there 
is a clear relationship between the objective measurement 
of noise and annoyance, individual properties such as noise 

Fig. 1   Auditory and non-audi-
tory effects of noise on health 
[11]
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sensitivity, also the genetic, physiological, psychological, 
lifestyle that increase individuals’ reactivity to noise in gen-
eral, are quite important. The burden of mental disorders 
is quite high and disabling, ensuring the strongest impact 
with disability and reduced quality of life. Most contempo-
rary etiological theories notify that stress can initiate cogni-
tive disfunctions via increasing the risk for depression and 
anxiety. Regardless of the level of noise, high annoyance 
is followed by more mental and physical symptoms [19]. 
Among the possible etiological factors, the aircraft noise 
(affect almost 60% of the population) has been found more 
annoying and with stronger effects on sleep, when compared 
with the road and railway noise. Epidemiological data found 
ambient noise annoyance to be negatively associated with 
indicators of both physical and mental health [20].

In biological systems, anxiety is a type of emotion,which 
is manifested by the mental, physical, behavioral changes, 
resulting in neurological impairments. These pathological 
changes are accompanied by a fight/flight response [21]. 
Chronic noise stress leads to deterioration of the neuropsy-
chiatric effects, such as anxiety and depression. Epidemio-
logical data have shown that anxiety is one of the global 
public health problems with a prevalence of 14.0% (per year) 
impacting over 260 million people worldwide. Chronic noise 
as a risk factor of human health is associated with numerous 
health problems, such as ischemic heart disease [3], adverse 
birth outcomes, hearing loss, and tinnitus (Fig. 2) [22].

As an environmental stressor, chronic noise can be a 
cause of overall psychiatric disorders, including depres-
sion, which has been considered the main prevailing mental 
pathology leading to disability and suicide rates. Some clini-
cal studies have shown that high aircraft noise can be cause 
of depression in local residents [23].

It has been shown that chronic stress was associated with 
macroscopic changes in certain brain areas, resulting in 
the physical modifications of neuronal networks. Accord-
ing to some studies, stress-related effects in the prefrontal 
cortex (PFC) and limbic system were characterized by vol-
ume reductions of some structures and changes in neuronal 
plasticity due to the dendritic atrophy and decreased spine 
density which indicated that depressive disorders were often 
associated with chronic stress in humans. The basal ganglia 
atrophy and the gray matter significant reduction in certain 
areas of the PFC in the people afflicted with long-term occu-
pational stress were observed. These alterations in a brain 
region can in turn cause cognitive, emotional, and behavioral 
dysfunctions and increase aptness to psychiatric disorders 
[24]. Chronic stress stimulates the production of the mol-
ecule REDD1 in the PFC via hyperactivation of the HPA 
axis, which then inhibits the kinase mTORC1, thus altering 
the phosphorylation state and function of its targets. In the 
brain, the interference of REDD1 with mTORC1 signaling 
ultimately disrupts neuronal protein and neurotrophic fac-
tors synthesis, spine formation, and synaptic plasticity. The 
inhibition of mTORC is crucial for synaptic impairment and 
appears to be a central endpoint of molecular pathways trig-
gered by chronic stress (Fig. 3) [25].

Molecular mechanism of noise‑induced 
memory loss

Chronic noise stress was found to damage cognition, result-
ing in persistent memory impairments, psychiatric, dissocia-
tive, and post-traumatic stress disorders. It was shown that 
chronic aircraft and road traffic noise exposure has adverse 

Fig. 2   Molecular mechanism of 
anxiety under the noise influ-
ence. Under influence of noise, 
the brain sends messages to 
the autonomic nervous system, 
where fight/flight response is 
mediated by sympathetic nerv-
ous system activation. Noise 
stress elevated catecholamines 
release from suprarenals leading 
to increases heart rate, sweating, 
rate and depth of breathing, 
fear, and panic, as well as pain 
in the chest
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effect on reading comprehension in school children. Stans-
feld and Matheson’s literature review noticed that noise 
exposure increased demand on working memory, influenced 
on the processes of selectivity in memory and decision-mak-
ing for carrying out tasks [26].

The mechanisms underlying behavioral changes diminish 
after noise influence is not fully defined. Noise exposure is 
likely to damage cognitive functions through two different 
but interrelated points. One is connected with the oxidative 
reaction caused by noise impact and associated with neu-
ronal degeneration in many auditory nuclei, as well as in the 
brain regions critical for cognitive functions. The second is 
related to the hippocampal degradation and impaired spatial 
memory due to noise-induced modification of auditory input 
after hearing loss [27].

Furthermore, a study carried out on animals showed that 
chronic noise-induced oxidative stress caused the impair-
ment of memory and reduction of the dendritic processes in 
the hippocampus (HIP) [28, 29]. The HIP is a region, which 
is involved in the formation of working and declarative 
memories, as well as indirectly connected to the auditory 
system by the fronto-medial cortex, insula, and amygdala, 
and directly by the auditory cortex and CA1 area. There-
fore, this pathway works for long-term memory formation, 
but the acoustic signals are used for spatial memory forma-
tion. From this point of view, stimulation or loss of sound 
can be a reason of the HIP damage. Chronic noise disrupts 
spatial memory and elevates tau phosphorylation and oxi-
dative detriment in the hippocampus of rats. Acute noise 
stress changes cell activity in the hippocampus and raises arc 

expression (hippocampus-dependent fear conditioning) in 
the HIP [30]. Learning and memory are connected with HIP, 
showing age-associated damage and age-related decrease in 
performing behavioral tasks due to morphological and func-
tional modifications of the HIP. Consequently, learning and 
memory through the HIP are associated with integration of 
cognitive and emotional information and modulation of the 
hypothalamic-pituitary-adrenal (HPA) axis to psychologi-
cal stress. It was postulated that changes in HIP, especially 
the amino acid neurotransmitters and their receptors, were 
the most essential mechanism of noise-induced cognitive 
impairment [31]. Changes of the amino acid neurotransmit-
ters constitution in the brain are connected with the brain 
trauma, degenerative defects of CNS, and behavioral dam-
age. Glutamate is the major excitatory, and GABA is the 
major inhibitory neurotransmitter in CNS. Since the basic 
characteristic of neuronal communications is integration of 
excitatory and inhibitory signals, the plasticity of synapses 
needs maintaining appropriate levels of these two proper-
ties for learning and memory. Chronic acoustic stress leads 
to overactivation of the HPA axis, excessive production 
of excitatory transmitters, and attenuation of inhibitory 
GABAergic control resulting in impairment of spatial learn-
ing and memory [32].

Rolls had shown that information was consistently pro-
cessed through the hippocampal subregions, i.e., via trisyn-
aptic loop [33]. Accordingly, information enters through 
entorhinal cortex (EC) projections to dentate gyrus (DG): 
from DG to the CA3 subregion, and from CA3 to the CA1 
subregion with serially projections. The latter, in turn, sends 

Fig. 3   Molecular mechanism of depression under the chronic noise 
conditions. Cortical centers in the brain sense a disturbing stimulus 
and respond by activating pathways that through the limbic system 
stimulate peripheral networks (the sympathetic-adrenal-medullary 
axis and the renin-angiotensin system, and later the HPA axis). Per-
sistent high levels of glucocorticoids resulting from stress-induced 

hyperactivation of the HPA axis stimulate the production of the 
REDD1 molecule in the prefrontal cortex under the chronic stress. 
REDD1 is induced by a variety of stressors and inhibits the kinase 
mTORC1. In the brain, the interference of REDD1 with mTORC1 
signaling ultimately impairs neuronal protein synthesis, spine forma-
tion, and synaptic plasticity
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projections back to entorhinal cortex to complete the tri-
synaptic loop. Consequently, injury of any component of 
the trisynaptic loop may lead to hippocampal dysfunction. 
The study carried out on animals showed that rats with CA3 
lesions had significantly impaired working memory. Accord-
ing to some studies, chronic noise stress increased glucocor-
ticoid levels leading to apoptosis in CA3 and CA1 regions in 
the HIP resulting in impairments in spatial working memory 
[33]. Behavioral studies showed that NMDA receptors in the 
CA3 subregion were involved in the acquisition of knowl-
edge [32]. The NR2B subunits are structural and functional 
components of the NMDA receptor and have crucial role in 
learning and memory. Cui et al. found that by noise influence 
the NR2B expression was deceased in the DG, CA3, and 
CA1 regions because of changes in the Glu and its NMDA 
receptors, GABA production, leading to noise-induced neu-
ral apoptosis and cognition impairment (Fig. 4) [34].

Noise‑induced hearing loss

One of the important health care problems is noise-induced 
hearing loss (NIHL) which is strongly connected with 
diminishing in cognition, memory, and attention [35]. It is 
considered to be the second most prevalent form of hearing 
loss after age-related hearing loss [36]. A comprehensive 
literature review on NIHL showed that people with hear-
ing loss have increased social stress due to their inability 
to communicate with the surrounding world [37]. NIHL 
can be caused by a one-time exposure to an intense impulse 
sound or more frequently by a long-term constant exposure 
with sound pressure levels (SPLs) more than 80–85 dB. In 
urban areas, the noise levels have been monitored across 
different sections of the town/city, and ambient noise levels 

have been found to exceed the permissible limits [38]. Noise 
exposures of around 115–125 dB SPL bring to mechanical 
injury, although the level of noise exposure to the ear is 
<115 dB, and the injury is mostly metabolically driven. Cir-
cumstances that contribute to the development of oxidative 
stress at the molecular level are genetic and environmental 
factors, which is one of the well-established pathways under-
lying NIHL. Noise-induced stress elevated levels of ROS 
in outer hair cells (OHCs) [39]. Besides direct biochemical 
damage, ROS have also indirect effects due to lipid peroxi-
dation in the cochlea and formation of toxic substances [40]. 
Under chronic noise influence, lipid peroxidation products 
promote apoptosis, accumulate isoprostanes as a vasoactive 
lipid peroxidation product thereby reducing cochlear blood 
flow [41]. ROS induces inflammation with production of 
pro-inflammatory cytokines, such as interleukin-6 (IL-6) 
and tumor necrosis factor a (TNF-a), which can themselves 
produce cochlear damage [42].

Free Ca2+ has been found to rise in cochlear HCs instantly 
when exposed to harmful noise. This increase is mediated 
by entry from the extracellular compartment through the 
channels such as L-type Ca2+ and P2X2 ATP-gated chan-
nels. Extracellular Ca2+ entry in turn can enhance the release 
of Ca2+ from intracellular stores [43] with further raise in 
free Ca2+. Increased level of free Ca2+ not only causes 
cytoplasmic ROS elevation, but also promotes apoptotic 
cell death independent of ROS, as well as promotes activa-
tion of intracellular signaling cascades of cell stress, such 
as mitogen-activated protein kinase (MAPK), having an 
essential role in injury to HCs [44]. Activation of stress-
activated MAPK promotes cell differentiation, motility, cell 
survival, proliferation, and apoptotic cell death. MAPK acts 
in key pathways of inflammation and cellular stress, caused 
by various biological, chemical, and physical stress stimuli. 

Fig. 4   Trisynaptic loop in the 
normal and chronic noise stress 
conditions. In the normal condi-
tions, CA1 pyramidal neurons 
obtain information from sub-
networks of the DG and CA3 
as well as direct projections 
from the EC. The CA1 neurons 
compare new information from 
the EC with stored information 
via CA3 relevant in detection 
of error, mismatch, and novelty. 
Chronic noise elevates ROS 
level, thus becoming the cause 
of changes in the glutamate 
neurotransmitter system, which 
leads to apoptosis of CA1 and 
CA3 regions and affliction of 
learning and memory
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NIHL includes a reduction in glutathione peroxidase (GSH-
Px) activity leading to loss of outer hair cells [45]. Elevated 
Ca2+ may later mediate upregulation of glutamate excretion 
at the presynaptic junction promoting excitotoxicity (Fig. 5) 
[46].

Noise‑induced Alzheimer’s disease (AD)

AD is a common age-related neurodegenerative disease, 
which is accompanied by the progressive deterioration of 
behavior, cognitive performance, causing disorders in vital 
functions. Epidemiological studies showed that 11% of the 
world’s population living with AD is over 60 years of age 
and is predicted to rise to 22% or 115 million by 2050 [47]. 
Environmental factors including loud noise exposure as 
an important external source of stress are the risk factors 
that develop to this disease [48]. It has been shown that the 
residential noise level is 51–78.2 dB(A) and each 10 dB(A) 
increased noise level was associated with a 36% increase 
in the risk for mild cognitive disorders and a 29% for Alz-
heimer’s disease. The initial symptoms of AD development 
are manifested by unconscious behavior, gradual deterio-
ration of memory—manifested by impaired perception of 
new information and speech disturbance [49]. The advanced 
stages of AD include profound memory loss, dyscoordinated 
movements, and hallucinations. The pathophysiology of AD 
is mostly connected with the extracellular sedimentation of 
amyloid beta (Aβ) plaques and the accumulation of intra-
cellular tau neurofibrillary tangles (NFT), reactive micro-
gliosis, and neuronal loss [50, 51]. The Amyloid Precur-
sor Protein (APP) as a transmembrane protein is included 
in the growth, progress, recovery, and survival of neurons. 

One of APP isoforms—APP695—is common in neurons, 
whereas APP751 and APP770 are both in neurons and 
glial cells [52]. Anyway, some functions of APP depend 
on cleavage products of this protein, which occurs by α-, 
β-, and γ-secretase enzymes. Based on this, there are two 
APP processing pathways—non-amyloidogenic and amy-
loidogenic [53]. The non-amyloidogenic pathway includes 
APP processing by α-secretase and γ-secretase. APP has 
N-terminal and C-terminal ends embracing the neuronal 
membrane. α-secretase enzyme cleaves the C-terminal end 
near the cell surface to produce soluble sAPPα, which con-
tributes to plasticity (growth of neurons) and neural stem 
cell proliferation and considered to be protective against the 
Aβ-induced toxicity [54]. sAPPα can further be cleaved by 
γ-secretase to produce AICD (Amyloid Precursor Protein 
Intra Cellular Domain) fragment for transcription and trans-
location regulation of neurons. Inversely, N-terminal frag-
ment of APP (formed APPβ) is toxic because of bounding 
with death receptor 6 mediating axonal undercutting and 
causing death of neuronal cell [55]. In the amyloidogenic 
pathway, instead of α-secretase, APP cleavage is performed 
by the BACE-1enzym (β-secretase) resulting to release of 
sAPPβ and C-terminal fragment (β-CTF or C99). Then, the 
APP is cleaved by γ-secretase, which generates with differ-
ent lengths chain amyloid peptides—Aβ37-43 [56]. From 
these fragments, Aβ42 and Aβ40 are considered to be the 
main Aβ species in the brain. Although Aβ40 is formed 
much more than Aβ42, however, Aβ42 due to the hydropho-
bicity of its two terminal residues shows a greater tendency 
to aggregation. Therefore, Aβ42 is the major component of 
amyloid plaques, which is neurotoxic and considered to be 
the main course of plaque formation and AD pathogenesis. 
Aβ peptides occurring by cleavage of APP from BACE-1 

Fig. 5   Molecular pathways of 
noise-induced hearing loss
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form aggregate and accumulate producing dense and insolu-
ble plaque oligomers [57, 58]. The formed Aβ plaques store 
NMDAR, glucose, AMPAR [59], mAChRs, nAChR recep-
tors causing damage in synaptic transmission by blocking 
ion channels and neurotransmitters through calcium dys-
regulation [60]. It was shown that formation of Aβ plaques 
is connected with cortical tau pathology as well [61]. Based 
on those mutations in APP and PS1/2 affect Aβ generation 
in AD, it can be suggested that tau pathogenesis may take 
place after Aβ deposition [62]. Aβ motivates tau hyperphos-
phorylation by activation of tau kinase GSK3β [63], as well 
as by Aβ-induced inflammation, activating some natural 
immune pathways and release of inflammatory cytokine, 
interleukin-1β (IL-1β) [64]. Astrocytes and microglia which 
are the most sources of cytokines in AD promote neuroin-
flammation being involved in anti- and pro-inflammatory 
processes, neuronal damage, and response of microglia to 
Aβ deposits. Increase in Aβ is connected with elevated level 
of pro-inflammatory cytokines, such as IL-1α, IL-6, TNF-α, 
and GM-CSF [65]. It has been shown that pathological dep-
osition of Aβ leads to neuroinflammation in AD because of 
elevated level of pro-inflammatory cytokines, macrophage-
induced inflammatory peptide, and colony-stimulating factor 
[66]. It was detected that caspase-1, which is an activator of 
cardinal pro-inflammatory cytokine IL-1β, is increased in 
the brains of AD patients leading to elevation of IL-1β in 
microglial cells surrounding Aβ plaques. Elevated level of 
IL-1β contributes to accumulation of Aβ, and then to APP 
processing and proteolysis [67]. Noise as an increasing ROS 
level factor and responsible for inflammation and elevated 
level of cytokines leads to AD progression. Deposition of Aβ 
results in microglial activation and increase in pro-inflam-
matory cytokines, and thus causes neuronal damage and loss 
[68]. It was shown that the brain was very assailable to ROS 
damage because of the low antioxidant capacity and the high 
level of polyunsaturated fatty acids [69].

Recent analysis of the brain tissue of residents from 
highly noisy polluted areas showed elevated in CD-68, 
CD-163, and HLA-DR positive cells, increased pro-inflam-
matory markers (interleukin-1β, IL1-β; cycloxygenase 2, 
COX2) and Aβ42 deposition, blood-brain-barrier injury, 
endothelial cell activation [70, 71], and brain damages in 
the prefrontal lobe [72]. Furthermore, animal studies have 
shown that noise influence elevated cytokine production 
[73] and MAP kinase signaling through JNK leading neu-
rochemical changes, lipid peroxidation, behavior changes, 
and enhanced NFκβ expression [72]. Consequently, noise-
induced stress damaged the hippocampus inducing changes 
in the size and number of neurons by neuroinflammation, 
as well as loss of synapse and neurons which predetermine 
clinical features of AD [27].

Noise exposure leads to an overactivation of the sym-
pathetic system with increasing the catecholamines levels, 

which in turn activates endothelial NADPH oxidase, leading 
to oxidative stress [74]. It was shown that noise-induced 
stress produced long-term cognitive deterioration and deg-
radation of hippocampal neurons [75]. OS as a result of 
imbalance between oxidants and antioxidants and one of 
the pathological states causes neuronal cell injury in brain 
leading to progression of AD. Under the normal conditions, 
the endogenous antioxidants and protective systems defend 
the organism from environmental oxidant harms. However, 
repeated exposure to environmental oxidants, particularly 
noise pollution, can result in intensification of antioxidant 
depletion leading to overproduction of ROS and damage of 
organ systems [76]. Many studies have documented that OS 
as an expression of ROS plays an important role in pro-
gression of neurodegenerative diseases, although complex 
pathogenesis remains unknown [77]. Cui et al. showed that 
noise exposure was able to elevate the rate of metabolism of 
the body by increasing the production of cytokines and ROS 
contributing to the development of OS [28].

Lipids are the major structural components of cell mem-
branes and play a fundamental role in supporting brain 
physiological functions by involvement in neuronal dif-
ferentiation, synaptogenesis, and brain development [78]. 
Lipids are highly represented in the myelin sheath which 
encompasses nerve cell axons and adjusts the capacity of 
a neuron to trigger action potentials encoding information. 
In addition, lipids inflect membrane fluidity adjusting traf-
ficking channels, localization, and function of ion pumps, 
receptors, and transporters at the plasma membrane [79]. 
However, each factor capable to change lipid homeosta-
sis influences on the membrane lipid rafts. The latter are 
cholesterol and sphingolipid-enriched microdomains [80], 
which contain synaptic-related proteins involved in synaptic 
transmission and plasticity. It has been shown that disorder 
in the function of lipid rafts–associated synaptic proteins 
could promote progression of neuropathological occasions 
and contribute to amyloidogenesis and protein aggregation 
[81]. As already mentioned above, App is one of the major 
pathological characteristics which is engaged in the patho-
genesis of AD contributing to the aggregation of Aβ. The 
APP transmembrane-helix domain in which the Aβ sequence 
is inserted includes cholesterol-binding component that 
adjusts the subcellular location, trafficking, and proteolytic 
processing of APP [82]. In addition, because the membrane 
of neurons contains a high quantity of polyunsaturated fatty 
acids and low glutathione, they are very susceptible to the 
influence of free radicals. In its turn, Aβ is susceptible to the 
influence of free radicals promoting its aggregation because 
of the presence of metals (Cu, Fe, Al, Zn) capable to cata-
lyze free radicals’ formation reactions [83]. Noise-induced 
stress promotes the generation of ROS with the following 
modification of macromolecules, such as lipoproteins and 
phospholipids, resulting in lipid peroxide formation [6]. 
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Noise-induced OS activates series of apoptotic processes 
by production of p53, Bad, and Bax leading to lipid peroxi-
dation, membrane damage, and neuronal death [84]. ROS-
induced OS increases amount of Aβ peptides in progression 
of AD, which deplete Ca2+ storage in endoplasmic reticu-
lum leading to overburden of cytosolic Ca2+. As a defense, 
the endogenous GSH levels decrease and the ROS content 
increases inside the cells [85]. Overproduction of ROS plays 
an important role in the accumulation and sedimentation of 
Aβ in AD, as well as serve as a marker of oxidative damage 
to proteins, DNA, RNA, and lipid peroxidation found in the 
brain of Alzheimer’s sufferers [86]. ROS activates protein 
kinase C, protein kinase A, and extracellular signal-regulated 
kinases2, causes hyperphosphorylation of tau, destabilizing 
microtubules and resulting in NFTs formation [32]. ROS 
can also activate protein kinase B, which its turn intercedes 
activation of glycogen synthase kinase 3α/β or GSK3α/β by 
inducing hyperphosphorylation of tau and NFTs formation, 
i.e., neuronal death [29]. Overactivation of antioxidative 
defense systems caused by the chronic noise stress elevates 
the rate of metabolism of the body leading to deposition of 
insoluble Aβ plaques, increased the size of plaque, synapse 
loss in the brain, and progression of AD [87].

Hearing loss can be considered a potential causal risk 
factor for cognitive decline, a proximity marker for incipi-
ent dementia. Alzheimer’s disease has been the major focus 
on epidemiological research assessing the risk of dementia 
associated with hearing loss. Hearing loss in middle age can 
account for about 10% of all cases of dementia, and it has 
been suggested that it has a direct potentiating effect on the 
development of neurodegeneration. It has been suggested 
that changes in auditory cognition may constitute an early 
warning signal of incipient dementia due to the computa-
tional demands of listening in a complex everyday acoustic 
environment. In support of this idea, predominantly central 
auditory deficits have been shown to predict CSF tau pro-
tein levels and regional atrophy profiles consistent with the 
pathology of Alzheimer’s disease in cross-sectional stud-
ies and the long-term development of a clinical syndrome 
consistent with Alzheimer’s disease [88, 89]. Griffiths et al. 
developed a model based on the interaction between audi-
tory cognitive mechanisms and dementia pathology that is 
only relevant to AD. The model related to the interaction 
between brain activity due to auditory cognition and AD 
pathology focused on the typical progression from amnesic 
minimal cognitive impairment affecting the medial tem-
poral lobe to established AD. Auditory cognition related 
to brain activity in the perisylvian language regions due to 
the speech-in-noise effort may interact with AD pathology 
to cause logopenic aphasia, a form of progressive aphasia. 
Hearing loss may also affect the mechanisms for auditory 
grouping and segregation in the posterior neocortex and pre-
dispose to another AD variant [90].

In clinics, to assess the extent and distribution of Alzhei-
mer’s disease, AD pathology biomarkers are used in cer-
ebrospinal fluid and brain imaging. Alexander et al. were 
focused on two alternative types of data: cognitive tests and 
brain anatomy studies using in vivo brain scans or post mor-
tem dissection. Cognitive tests give a quantitative score of 
the severity of memory loss and other signs of cognitive 
decline. The second type of data includes brain scans either 
to measure atrophy patterns in different parts of the brain or 
the buildup of molecular markers that are associated with 
AD. The typical dementia syndrome of AD is expressed by 
remarkable episodic memory impairment, which is accom-
panied by the secondary deficits (word-finding skills, spatial 
cognition, and executive functions) [91]. The clinical criteria 
for the AD dementia syndrome include history of progres-
sive cognitive degradation connected with decline in activi-
ties of daily living corroborated with neuropsychological 
testing. According to the new criteria, a diagnosis of prob-
able AD can be made when the clinical and cognitive criteria 
are met and there is either documented progressive cognitive 
decline, abnormal biomarker(s) suggestive of AD, or evi-
dence of proven AD autosomal dominant genetic mutation 
(PSEN1, PSEN2, and APP). The diagnosis of definite AD 
can only be made when there is histopathological confirma-
tion from a biopsy or autopsy and the clinical criteria for 
AD [92].

Conclusion

In this review, the complex role of noise in production of 
ROS and the auditory and non-auditory effects, such as 
hearing loss and neurodegenerative and cognitive disorders 
including AD, annoyance, depression, and anxiety as well as 
basic mechanisms induced by noise exposure in the cochlea 
and the brain, were worked out.

Exposure to noise in biological systems activates the 
sympathetic and HPA systems, thereby increasing the 
stress hormones level. The latter promote the direct activa-
tion of ROS leading to OS and different adverse reactions. 
The milestones of noise-induced effects are the induction 
of endothelial dysfunction, oxidative stress, and inflamma-
tion. The chronic effects of noise include functional delays 
in brain maturation and impairment of neuro-behavioral 
competences. As a result of noise, OS has been implicated 
in different neurodegenerative disorders. Upon the data of 
several studies, ROS may be generated via different mecha-
nisms and have significant roles in disease development. In 
progression of neurodegenerative disorders (e.g., AD), noise 
has a crucial role in dysfunction of mitochondria, which is 
connected with persistent OS. Response of the organism to 
the stress depends on defense mechanisms and psychophysi-
ological and cognitive states. Noise-induced stress changes 
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homeostasis of the neuroendocrine system leading to impair-
ment of sleep, task performance, hearing, and emotional 
state. It was shown that age-related decline in hippocampal 
neurogenesis mediated the NIHL-related morphological 
alterations in microglial cells and the auditory pathway, as 
well as dystrophy in the hippocampus.

Noise, as an environmental pollutant, is a great and unrec-
ognized stressor. Annoyance, depression, and anxiety from 
noise were shown to be the main pathological consequences 
and adverse health effects. The problem is lack of awareness 
of public issues regarding the significance of noise pollution, 
and the resolution to it is possible by finding the most feasi-
ble measures to control this environmental hazard.
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