
Keshav Kumar/ Afr.J.Bio.Sc. 6(14) (2024)                                                                         ISSN: 2663-2187 

https://doi.org/10.48047/AFJBS.6.14.2024.6864-6881 

 

EFFECT OF NOISE ON MENTAL HEALTH: A BRIEF REVIEW OF 

PRECLINICAL STUDIES 

 

Keshav Kumar1, Vishal Kumar Biswkarma*2, Kulsoom Hamid2, Lubhan Singh2, Swati 

Wadhawan2, Shubhangi Gupta3 

1PG Student, Faculty of Pharmacy, Swami Vivekanand Subharti University, Meerut, Uttar Pradesh, India 
2Faculty of Pharmacy, Swami Vivekanand Subharti University, Meerut, Uttar Pradesh, India 

3Department of Pathology, Subharti Medical College, Swami Vivekanand Subharti University, Meerut, Uttar 

Pradesh, India 

*Corresponding Author: Vishal Kumar Biswkarma, Faculty of Pharmacy, Swami Vivekanand Subharti 

University, Meerut, Uttar Pradesh, India, Tel: +91-9554036903; E-mail: vishalkumarbiswkarma@gmail.com 

 
 

Volume 6, Issue 14, Aug 2024 

Received: 15 June 2024 

Accepted: 25 July 2024 

Published: 15 Aug 2024 
 

doi: 10.48047/AFJBS.6.14.2024.6864-6881 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

Background: Noise pollution, a pervasive environmental issue, has been linked 

to a variety of health problems, including mental health disorders. Recent 

evidence suggests that chronic exposure to noise can exacerbate stress and affect 

cognitive functions, yet the mechanisms underlying these effects remain 

insufficiently understood. Preclinical studies using animal models provide 

crucial insights into how noise exposure impacts mental health, shedding light 

on potential pathways for intervention. 

Objective: This review aims to synthesize findings from preclinical studies on 

the effects of noise-induced mental stress, focusing on the underlying 

mechanisms and potential therapeutic targets. 

Methods: A comprehensive literature search was conducted to identify relevant 

preclinical studies investigating the impact of noise on mental health. Studies 

were selected based on their examination of noise exposure effects on behavior, 

stress responses, and brain function in animal models. We searched multiple 

electronic databases, including PubMed, Web of Science, and Scopus to identify 

relevant literature using keywords like, noise pollution, road traffic noise, 

mental health, Hippocampus, Behavioral Changes, Neurological effect, etc. 

Results: Preclinical studies demonstrate that chronic noise exposure induces 

stress-related behaviors such as anxiety and depression in rodents. 

Mechanistically, noise exposure affects brain regions involved in stress 

regulation, including the hippocampus and amygdala. These studies also reveal 

alterations in neurotransmitter systems and inflammatory responses associated 

with noise-induced mental stress. 

Conclusion: Preclinical research provides valuable insights into the impact of 

noise on mental health, highlighting significant behavioral and physiological 

changes associated with chronic exposure. Understanding these mechanisms is 

crucial for developing targeted interventions to mitigate the adverse effects of 

noise pollution on mental well-being. 

Keywords: Noise, Mental Health, Preclinical Studies, Hippocampus, 

Behavioral Changes, Neuroprotection, Oxidative Stress 
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1.0 INTRODUCTION 

1.1 Background 

According to a World Health Organization (WHO) report, noise pollution is the third most 

dangerous type of pollution, following air and water pollution (Basu B et al., 2021). Noise is 

considered an environmental stressor that negatively impacts quality of life and wellbeing. 

Excessive noise not only hampers communication and concentration but also provokes 

emotional responses like annoyance (Krittanawong C et al., 2023). Rapid urbanization and 

changing lifestyles have made loud noise a common part of life, leading to significant health 

risks from both indoor and outdoor environmental noise pollution. The harmful effects of noise 

pollution are increasingly being seen across all age groups, including fetuses, infants, children, 

adolescents, and adults (Gupta A et al., 2018). Research shows that prolonged exposure to 

high noise levels is associated with various non-auditory effects, such as mental health 

problems like anxiety and depression, increased risk of hypertension, hormonal disruptions, 

adverse birth outcomes, sleep disorders, and cardiovascular diseases related to high blood 

pressure (Zaman M et al., 2022). A study by Bustaffa found that noise exposure can indirectly 

cause stress, lead to psychological symptoms and disorders, and contribute to brain and 

cardiovascular issues (Bustaffa E et al., 2022). Similarly, a recent cross-sectional study 

involving 1,005 state government employees in Malaysia confirmed the link between 

occupational noise exposure and the risk of hypertension, with a hypertension prevalence of 

18.8% among noise-exposed workers (Lee FYL et al., 2023). This study is among the few in 

the ASEAN region to explore the relationship between occupational noise and hypertension, 

taking into account cultural and lifestyle differences. Additionally, Owolawi suggested that 

continuous exposure to noise levels between 85 and 90 dBA in industrial settings over a 

lifetime could lead to reduced hearing perception, resulting in hearing loss and an increased 

threshold for hearing sensitivity (Owolawi IV, 2021). Noise pollution, characterized by 

unwanted or harmful sounds, has emerged as a significant environmental health issue due to 

rapid urbanization and industrial growth. This type of pollution not only causes auditory 

disturbances but also impacts overall health, contributing to conditions such as cardiovascular 

diseases, sleep disorders, and cognitive impairments (Basner et al., 2014). Recent studies 

indicate that noise exposure can also influence mental health, particularly by exacerbating 

stress and affecting cognitive functions (Stansfeld & Matheson, 2003). The increasing 

prevalence of noise-related health issues necessitates a deeper understanding of how noise 

impacts mental health, which is where preclinical studies play a crucial role. 

Preclinical research, particularly involving animal models, provides valuable insights into the 

mechanisms by which noise affects mental health. These studies help elucidate the biological 

pathways through which noise exposure induces stress and alters brain function (Vasconcelos 

RO et al., 2023). By understanding these mechanisms, researchers can identify potential 

targets for therapeutic intervention and develop strategies to mitigate the negative effects of 

noise. Though often overshadowed by more noticeable environmental issues, noise pollution 

is a widespread and increasing problem that requires our focus, innovative solutions, and 

collective effort to address. In the upcoming sections of this review, we will explore the causes 

of noise pollution, examine its harmful effects on human health, cognitive function, society, 

and overall well-being, and outline measures for its mitigation. 

1.2 Noise Pollution Sources 
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A detailed understanding of the sources of noise pollution is essential for developing effective 

strategies to reduce its impact. The key factors contributing to noise pollution, both natural and 

human-made, are outlined below. 

Industrial Machinery: Noise in industrial settings arises from various processes involving 

impact, reciprocating movements, vibrations, friction, and turbulence in air or gas streams 

(Maqsood N et al., 2019). 

Construction Noise: Construction noise is characterized by its sudden, temporary nature, high 

intensity, and limited duration, making it difficult to control and significantly affecting urban 

residents (Mir M et al., 2023). Major sources of construction noise include knocking, 

hammering, piling, welding, and material transportation (Shaikh HH et al., 2023). 

Rail Traffic: Railways are a significant noise source, producing high noise levels in a short 

time, which can be harmful to human health. Noise from railways is mainly generated by train 

frequency, speed, the condition of the tracks, and the intensity of train horns (Polak K et al., 

2021). 

Air Traffic: Aircraft noise is intermittent, with successive noise events separated by periods 

of silence. During take-off, the primary noise source is the aircraft engines, while aerodynamic 

noise from flaps, gears, and other components becomes more prominent during landing (Gely 

D et al., 2022). 

Road Traffic: Road traffic is the leading cause of community noise, with levels increasing as 

traffic volumes rise. Road traffic noise depends on factors such as traffic volume, vehicle speed, 

and the presence of heavy vehicles and motorcycles. At low speeds, the primary noise source 

is the power transfer mechanism, while at speeds above 30–50 km/h, tire noise dominates, and 

aerodynamic noise becomes significant at speeds over 80 km/h (Grubesa S et al., 2020). 

While various sources contribute to urban noise pollution, road traffic remains the most 

significant, leading to physiological effects that increase the overall disease burden. Globally, 

road traffic noise is a major environmental pollutant, with estimates suggesting an annual loss 

of about 1 million healthy life years in Western Europe alone (Moroe N et al., 2022). 

1.3 Burden of Noise-Induced Mental Stress 

The burden of noise-induced mental stress is substantial and multifaceted. Epidemiological 

evidence links chronic noise exposure to a range of mental health issues, including anxiety and 

depression (Gong X et al., 2022). Individuals living in high-noise environments, such as near 

busy roads or airports, are more likely to experience mental health problems compared to those 

in quieter areas (Lim J et al., 2018). This association is corroborated by preclinical studies, 

which demonstrate that noise exposure can induce stress-related behaviors and physiological 

changes in animal models (Hahad O et al., 2022). The economic impact of noise-induced 

mental stress is also significant. According to the World Health Organization (WHO 2011), 

noise pollution contributes to increased healthcare costs and reduced quality of life. The burden 

extends beyond direct health effects to include impacts on productivity and overall well-being. 

Addressing noise-induced mental stress is therefore crucial for improving public health and 

reducing economic costs.  

1.4 Challenges in Understanding Noise-Induced Mental Stress 

Several challenges complicate the study of noise-induced mental stress. One major issue is the 

complexity of noise exposure itself. Noise is a multifaceted stimulus that varies in frequency, 

intensity, and duration, making it challenging to isolate specific effects and establish clear 
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causal relationships (Hahad O et al., 2019). This complexity can obscure the precise 

mechanisms through which noise affects mental health. Another challenge is the variability in 

individual responses to noise. Factors such as genetic predispositions, pre-existing mental 

health conditions, and environmental influences can affect how individuals respond to noise 

exposure (Munzel et al., 2014). This variability makes it difficult to develop universal 

guidelines and interventions. In preclinical research, translating findings from animal models 

to human conditions presents additional challenges. Differences in noise exposure patterns, 

brain structure, and behavioral responses between species can affect the relevance of preclinical 

results to human health (Goines & Hagler, 2007). Moreover, inconsistencies in study design 

and methodologies across research studies can lead to varying results and hinder progress 

(Stansfeld & Matheson, 2003). Chronic noise exposure can also lead to increased stress levels, 

which may further impair cognitive function (Tao Y et al., 2020). In a study involving 2,680 

children aged 7–10 years in Barcelona, Spain, researchers investigated the impact of road 

traffic noise exposure at both school and home on cognitive development over one year, using 

standardized computerized cognitive assessments. The findings indicated that higher traffic 

noise exposure at school, especially noise fluctuations within classrooms, was associated with 

slower development of working memory and attention. However, no significant link was found 

between traffic noise exposure at home and cognitive development (Foraster M et al., 2022). 

1.5 Mechanistic Approach of Noise-Induced Mental Stress 

Understanding the mechanisms through which noise induces mental stress is crucial for 

developing effective interventions and mitigating its effects. Noise-induced mental stress 

involves a complex interplay of sensory processing, neural activation, and physiological 

responses. This section outlines the key mechanistic pathways involved in noise-induced 

mental stress, focusing on sensory input, brain region activation, oxidative stress, 

inflammation, and resultant behavioural and physiological changes. 
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Figure 1: Consequences of Noise on Mental Health 

(Various sources, including road traffic, railways, airplanes, and occupational environments, 

serve as chronic noise environmental stressors. Upon exposure, the auditory system triggers a 

stress response, leading to hearing loss, sleep disturbances, communication disruption, 

irritability, and elevated stress levels. Persistent stress from noise exposure can result in 

significant mental health consequences, such as behavioral changes, cognitive impairments, 

emotional dysregulation, anxiety, depression, and reduced psychological resilience. In 

response, individuals may adopt maladaptive coping strategies, including a sedentary lifestyle, 

substance abuse, and anxious avoidance, which further exacerbate mental health challenges.) 

Sensory Processing and Noise Perception 

The first step in the mechanistic pathway of noise-induced mental stress involves the perception 

of noise by the auditory system. Noise is detected by the cochlea in the inner ear, which 

transduces sound waves into neural signals. These signals are then transmitted to the auditory 

cortex via the auditory nerve and brainstem pathways. The auditory cortex processes the 

acoustic information and integrates it with other sensory inputs to create a coherent perception 

of the noise environment. Chronic exposure to high levels of noise can overwhelm the auditory 

system, leading to altered sensory processing and heightened sensitivity to sound stimuli. This 

heightened sensitivity can contribute to increased stress responses and anxiety (Jafari MJ et 

al., 2019). 

Neural Activation and Brain Region Responses 

Once noise is perceived, it activates several brain regions involved in stress response and 

emotional regulation. The hippocampus, prefrontal cortex, and amygdala are particularly 

important in mediating the effects of noise-induced stress. 

Hippocampus 

The hippocampus plays a key role in memory formation and stress regulation. Noise exposure 

has been shown to impact hippocampal structure and function, leading to cognitive and 

emotional changes. Chronic noise exposure can decrease neurogenesis and alter synaptic 

plasticity in the hippocampus, contributing to impairments in learning and memory. Noise-

induced oxidative stress in the hippocampus reduces neurogenesis and disrupts hippocampal-

dependent cognitive functions (McEwen BS et al., 2015). 

Prefrontal Cortex 

The prefrontal cortex is involved in higher-order executive functions, including decision-

making and emotional regulation. Noise exposure can impair prefrontal cortex function, 

leading to deficits in cognitive control and emotional stability. Chronic noise exposure reduces 

prefrontal cortex activity, affecting working memory and attentional control. Structural 

changes, such as reduced dendritic spine density, further contribute to these cognitive deficits 

(Jafari Z et al., 2018). 

Amygdala 

The amygdala is crucial for processing emotions, particularly fear and anxiety. Noise exposure 

has been shown to increase amygdala activity, leading to heightened anxiety and stress 

responses. Noise-induced hyperactivity in the amygdala is associated with increased anxiety-

like behaviors. This hyperactivity is often accompanied by changes in neurotransmitter systems 

and increased inflammatory responses (Hahad O et al., 2024). 

Oxidative Stress and Inflammation 
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Oxidative stress and inflammation are key physiological mechanisms through which noise 

exposure affects brain function and mental health. Noise-induced oxidative stress results from 

an imbalance between reactive oxygen species (ROS) and antioxidant defenses. Elevated ROS 

levels can lead to neuronal damage and disrupt normal brain function. Chronic noise exposure 

increases oxidative stress markers in the hippocampus, contributing to neuronal damage and 

cognitive deficits (Paciello F et al 2023). Additionally, noise exposure can trigger 

inflammatory responses in the brain. Inflammatory cytokines, such as interleukin-1β and tumor 

necrosis factor-alpha, are elevated following noise exposure, leading to further neuronal 

damage and altered brain function (Shukla M et al., 2020). 

Behavioural and Physiological Changes 

The activation of stress pathways and subsequent oxidative stress and inflammation lead to a 

range of behavioral and physiological changes. Individuals exposed to chronic noise may 

exhibit increased anxiety, depression, and cognitive impairments. Behavioral changes include 

heightened sensitivity to stressors, impaired memory, and decreased cognitive performance 

(Chu B et al., 2024). 

Recent studies have explored the impact of noise on physiological markers of stress, such as 

cortisol levels and blood pressure. Chronic noise exposure elevates cortisol levels, indicating 

increased stress response. Similarly, noise exposure is associated with increased blood 

pressure, reflecting the physiological impact of noise-induced stress (Sivakumaran K et al., 

2022). 

2.0 NOISE-INDUCED MENTAL STRESS IN LABORATORY ANIMALS 

2.1. Impact on the Hippocampus 

Effects of Noise on Hippocampal Function and Structure 

The hippocampus, a critical region for learning, memory, and emotional regulation, is 

significantly affected by chronic noise exposure. Research demonstrates that noise-induced 

stress leads to structural and functional changes in the hippocampus, impacting its role in 

cognitive and emotional processes. Noise exposure results in hippocampal atrophy, 

characterized by reductions in hippocampal volume and alterations in dendritic architecture. 

These structural changes are associated with impairments in spatial memory and learning 

abilities (Zhang Y et al., 2021). 

Chronic noise exposure elevates glucocorticoid levels, which can inhibit neurogenesis in the 

hippocampus. Elevated cortisol levels are known to affect hippocampal neurons, leading to 

impaired synaptic plasticity and increased susceptibility to stress (Lupien et al., 2009). 

Moreover, noise-induced oxidative stress and inflammation further contribute to hippocampal 

damage. Increased oxidative stress leads to the production of reactive oxygen species (ROS), 

which can damage neuronal cells and exacerbate stress-induced hippocampal dysfunction 

(Daiber A et al., 2020). 

Summary of Studies Examining Noise-Induced Hippocampal Changes 

Several studies have explored the impact of noise on hippocampal structure and function in 

animal models (Table 1). For example, rodents exposed to chronic noise have shown 

significant impairments in spatial memory tasks, such as the Morris water maze, which are 

linked to reductions in hippocampal dendritic spine density and neuronal proliferation (Goines 

& Hagler, 2007). Another study demonstrated that noise exposure increases the expression of 

pro-inflammatory cytokines in the hippocampus, correlating with behavioral changes 
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indicative of anxiety and depression (Hahad O et al., 2024). These findings underscore the 

detrimental impact of chronic noise on hippocampal health and function. 

2.2. Impact on the Prefrontal Cortex 

Mechanisms of Noise-Induced Stress Affecting Cognitive Functions 

The prefrontal cortex (PFC) is essential for executive functions, including decision-making, 

working memory, and cognitive control. Chronic noise exposure disrupts PFC function through 

several mechanisms. One primary mechanism involves alterations in neurotransmitter systems. 

Noise exposure has been associated with reduced levels of dopamine and serotonin in the PFC, 

which are critical for maintaining cognitive processes and emotional regulation (Stansfeld & 

Matheson, 2003). 

Chronic noise also affects the structural integrity of the PFC. Noise-induced stress has been 

shown to decrease dendritic branching and spine density in the PFC, which can impair synaptic 

plasticity and cognitive functions (Koolhaas et al., 2011). Additionally, noise exposure can 

lead to alterations in brain-derived neurotrophic factor (BDNF) levels, which play a crucial 

role in maintaining neuronal health and cognitive function (Pisani A et al., 2023). 

Evidence from Preclinical Models 

Preclinical studies provide valuable insights into the impact of noise on the PFC. For example, 

rodent models exposed to chronic noise exhibit significant impairments in working memory 

and executive functions, which correlate with structural changes in the PFC (Munzel et al., 

2014). Electrophysiological recordings in these models reveal altered neuronal firing patterns 

and reduced synaptic transmission in the PFC, highlighting the functional consequences of 

noise-induced stress (Morrison & Baxter, 2012). Additionally, studies using optogenetics and 

pharmacological interventions have demonstrated that noise-induced changes in 

neurotransmitter systems and PFC connectivity contribute to cognitive deficits (McEwen & 

Gianaros, 2010). 

2.3. Impact on Other Brain Regions 

Overview of Findings from Studies on the Amygdala, Hypothalamus, and Other Relevant 

Areas 

In addition to the hippocampus and PFC, other brain regions are also affected by chronic noise 

exposure. The amygdala, a key structure involved in emotional processing, exhibits heightened 

activity in response to chronic noise. Noise exposure has been shown to increase the expression 

of stress-related biomarkers, such as corticotropin-releasing hormone (CRH) and 

glucocorticoid receptors, in the amygdala (Kim & Yoon, 1998). This heightened activity is 

associated with increased anxiety-like behaviors and altered emotional responses in noise-

exposed animals (Peng X et al., 2023). 

The hypothalamus, which regulates the hypothalamic-pituitary-adrenal (HPA) axis, is also 

impacted by chronic noise exposure. Noise exposure has been linked to dysregulation of the 

HPA axis, including increased release of CRH and other stress hormones (McEwen & 

Gianaros, 2010). This dysregulation can lead to alterations in stress responses and emotional 

regulation. 

Other brain regions, such as the striatum and periaqueductal gray, also show changes in 

response to chronic noise exposure. The striatum, involved in reward processing, exhibits 

altered dopaminergic activity, which can affect motivation and reward-related behaviors 

(Newsom RJ et al., 2012). The periaqueductal gray, involved in pain modulation, shows 
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changes in neuronal activity and neurotransmitter levels following noise exposure (Goines & 

Hagler, 2007). Table 1 represents the outcomes of preclinical studies involving different noise 

level using various animal model. 

 

Table 1: Few Evidences Based On Preclinical Studies 

Ref. Noise Induction Animal 

Model 

Intervention Outcomes 

Naqvi F et 

al., 2012 

100 dB, 4 h daily 

for 15 days 

Adult male 

albino rats of 

Wistar strain 

- Decreased tendency to move in open field, 

decrease in time spent in open arm and 

number of entries in open arm in rats, and 

increase in immobility time in tail 

suspension test 

Ha S et 

al., 2021 

115 dB, 4 hours 

per day for 3 

days 

Sprague-

Dawley rats 

 

- 

miR-758-5p, miR210-5p, miR370-5p, 

miR-652-5p, miR-3544, miR-128-1-5p, 

miR-665, miR-188-5p, and miR-874-5p 

up regulated, whereas, miR-448-3p, miR-

204-5p, miR-204-3p, and miR-204-3p 

were down regulated in rat hippocampi 

with noise-induced hearing loss 

Guthrie 

OW et al., 

2016 

6 h per day, five 

days/week for 

four weeks 

female 

Fischer344 

rats 

20 inhalation 

exposures to 

1000mg/m3 

of jet propulsion 

fuel-8 (Organic 

Solvent 

Fuel plus noise exposure alter neural 

responses 

Zhuang H 

et al., 

2020 

Sound pressure 

level of 123 dB 

for 2 h 

CBA mice - age-related decline in hippocampal 

neurogenesis accelerated in mice with 

noise induced hearing loss 

Cui B et 

al., 2012 

100 dB sound 

pressure level, 4 

h/d×14 d 

male Wistar 

rats 

- Significant increased levels of tau 

phosphorylation, and generation of Long-

lasting pathological neurofibrillary tangle 

Cunha 

AOS et 

al., 2018 

1 minute of 110 

dB sound, 

applied two 

times per day for 

10 days 

Male Wistar 

rats 

- Decreased resting membrane potential, 

increased membrane input resistance and 

time constant, and decreased action 

potential threshold. High-intensity sound 

affects intrinsic membrane properties of 

hippocampal pyramidal neurons, mainly 

by decreasing the amplitude of Ih 

Molina SJ 

et al., 

2021 

2 Hr to white 

noise at 95–97 

dB SPL for 1 or 

5 days 

Male and 

female albino 

Wistar rats 

(pups used at 

7 or 15 PND) 

Enriched 

environment 

Exposure to noise induced changes in 

hippocampal oxidative state in the Short 

T, as well as variations in ROS levels, 

antioxidant defences and aminoacidergic 



Keshav Kumar/ Afr.J.Bio.Sc. 6(14) (2024)                                                                                          Page 6872 to 10 

neurotransmission markers during 

early/mid adolescence at Long T. 

 

 

 

3. CHALLENGES AND SOLUTIONS 

3.1. Challenges 

Methodological Limitations in Preclinical Studies 

Preclinical studies provide valuable insights into the effects of noise on mental health, yet 

several methodological limitations impact their reliability and generalizability. One major 

limitation is the variability in experimental designs, including differences in noise exposure 

parameters such as intensity, duration, and frequency. These variations can lead to inconsistent 

findings across studies, complicating efforts to draw definitive conclusions (Lim J et al., 

2018). 

Another challenge is the use of different animal models, which may not fully replicate human 

responses to noise. Rodent models, commonly used in preclinical research, have different 

auditory processing mechanisms and stress responses compared to humans, which can limit 

the applicability of findings (Reul & de Kloet, 1985). Additionally, the lack of standardization 

in behavioural testing methods across studies can introduce variability in results and hinder the 

comparison of findings (Miller & O'Callaghan, 2002). 

Variability in Noise Exposure Protocols 

The variability in noise exposure protocols is a significant challenge in preclinical research. 

Studies often differ in terms of noise sources, exposure levels, and duration, which can affect 

the reproducibility and interpretation of results. For example, some studies use continuous 

white noise, while others employ intermittent noise or specific frequencies, leading to 

inconsistent effects on mental health outcomes (Basner et al., 2014). Moreover, the intensity 

of noise exposure used in studies can vary widely, from relatively low levels to those that are 

uncomfortably loud. This variability makes it difficult to determine dose-response relationships 

and to establish clear thresholds for noise-induced mental stress (Goines & Hagler, 2007). 

Standardizing noise exposure protocols and clearly defining exposure parameters are essential 

for improving the reliability and comparability of preclinical studies. 

Translation of Animal Models to Human Contexts 

Translating findings from animal models to human contexts presents another significant 

challenge. While preclinical studies offer insights into potential mechanisms of noise-induced 

mental stress, the direct applicability of these findings to human populations is not always 

straightforward. Differences in auditory perception, stress response, and brain structure 

between animals and humans can limit the relevance of animal model findings (McEwen BS, 

2007). Additionally, human exposure to noise is often complex and multifactorial, involving 

not only the physical characteristics of the noise but also psychological and social factors that 

may not be fully captured in animal models (Basner et al., 2014). Bridging the gap between 

animal research and human health requires careful consideration of these differences and the 

development of translational strategies that account for the complexities of human noise 

exposure. 

3.2. Solutions 
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Recommendations for Improving Study Design 

To address the methodological limitations in preclinical studies, several recommendations can 

be made. Standardizing noise exposure protocols is crucial for ensuring consistency and 

reproducibility. Researchers should establish clear guidelines for noise parameters, including 

intensity, frequency, and duration, to facilitate comparison across studies (Basner et al., 2014). 

Improving the selection of animal models is also important. Using a range of models that better 

reflect human auditory and stress responses can enhance the translational relevance of findings. 

For example, incorporating models with varying genetic backgrounds and pre-existing 

conditions may provide a more comprehensive understanding of how noise affects different 

populations (Koolhaas et al., 2011). Furthermore, adopting standardized behavioral testing 

methods and reporting practices can improve the comparability of results. Implementing 

rigorous experimental protocols and statistical analyses will help mitigate variability and 

enhance the reliability of findings (Miller & O'Callaghan, 2002). 

Advances in Noise Exposure Technologies and Analytical Methods 

Recent advances in noise exposure technologies and analytical methods offer promising 

solutions to the challenges faced in preclinical research. Newer technologies, such as 

programmable sound generators and automated exposure systems, allow for precise control of 

noise parameters and better mimic real-world noise environments (Estrella I et al., 2024). 

These advancements enable researchers to create more consistent and realistic noise exposure 

conditions, improving the relevance of findings. In terms of analytical methods, advancements 

in neuroimaging and electrophysiological techniques provide deeper insights into the effects 

of noise on brain function. Techniques such as functional magnetic resonance imaging (fMRI) 

and electroencephalography (EEG) can be used to assess changes in brain activity and 

connectivity associated with noise exposure (Munzel et al., 2014). Additionally, novel 

biomarkers and molecular assays can help identify underlying mechanisms and pathways 

affected by noise (Tang S et al., 2022). 

Strategies for Better Integration of Preclinical Findings into Human Health Contexts 

To improve the integration of preclinical findings into human health contexts, it is essential to 

develop translational strategies that bridge the gap between animal research and human 

applications. One approach is to use computational modelling and simulation to predict human 

responses based on preclinical data. These models can incorporate various factors, such as 

individual differences and environmental conditions, to provide more accurate predictions of 

human outcomes (McEwen & Gianaros, 2010). Collaborative efforts between researchers, 

clinicians, and policymakers can also facilitate the translation of findings into practical 

applications. By aligning preclinical research with public health priorities and clinical needs, 

researchers can ensure that their findings address relevant issues and contribute to the 

development of effective interventions. Furthermore, incorporating human data into preclinical 

studies, such as through the use of human-derived cell cultures or brain organoids, can enhance 

the relevance of findings and provide insights into human-specific effects of noise exposure. 

This integrative approach helps ensure that preclinical research translates effectively into 

human health contexts. 

4. FUTURE PERSPECTIVES 

Emerging Research Directions and Technologies 
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As we advance in our understanding of noise-induced mental stress, several emerging research 

directions and technologies hold promise for further elucidating the mechanisms involved and 

developing effective interventions. One key area of interest is the use of advanced 

neuroimaging techniques to investigate the neural correlates of noise-induced stress in greater 

detail. Functional magnetic resonance imaging (fMRI) and positron emission tomography 

(PET) are increasingly employed to visualize brain activity and neurotransmitter dynamics in 

response to noise exposure (Salzman & Fusi, 2010). These technologies allow for the 

identification of specific brain regions and pathways affected by noise, providing insights into 

the neural mechanisms underlying mental stress. Another promising direction is the integration 

of genetic and epigenetic approaches to understand individual susceptibility to noise-induced 

stress. Advances in genomics have enabled researchers to investigate how genetic variations 

influence the response to noise exposure and contribute to mental health outcomes (Sullivan 

et al., 2012). Epigenetic modifications, such as DNA methylation and histone modifications, 

may also play a role in how noise exposure affects gene expression and stress responses (Leso 

V et al., 2020). Understanding these genetic and epigenetic factors could lead to more targeted 

interventions and personalized approaches to managing noise-induced mental stress. Recent 

technological advancements in noise exposure systems, such as virtual reality (VR) and 

programmable sound environments, are also paving the way for more controlled and realistic 

noise exposure studies. VR systems allow for the simulation of complex and dynamic noise 

environments, providing a more immersive and accurate representation of real-world noise 

exposure (Geronazzo M et al., 2023). Programmable sound systems enable precise control 

over noise parameters, such as intensity, frequency, and duration, facilitating more 

standardized and reproducible research (Kang H et al., 2021). 

Potential for Personalized Interventions and Treatments 

The potential for personalized interventions and treatments is a significant area of development 

in addressing noise-induced mental stress. Personalized medicine involves tailoring 

interventions based on individual characteristics, such as genetic predisposition, environmental 

factors, and personal preferences. In the context of noise-induced stress, personalized 

approaches could include: 

Genetic Profiling: By identifying genetic markers associated with susceptibility to noise-

induced stress, personalized interventions can be developed to target specific vulnerabilities. 

For example, individuals with certain genetic variants may benefit from specific stress-

reducing strategies or pharmacological treatments (Sullivan et al., 2012). 

Customized Noise Reduction Strategies: Personalized noise reduction strategies could be 

developed based on individual noise sensitivity and preferences. This could include the use of 

noise-canceling devices, sound masking technologies, or tailored acoustic environments 

designed to mitigate the impact of noise on mental health (Jaschke AC et al., 2023). 

Behavioral and Cognitive Interventions: Personalized behavioral and cognitive 

interventions, such as mindfulness-based stress reduction (MBSR) or cognitive-behavioral 

therapy (CBT), can be tailored to address the specific stressors and coping mechanisms of 

individuals affected by noise (Kabat-Zinn, 1990). These interventions can be adapted based 

on individual needs and preferences to enhance their effectiveness. 

Pharmacological Treatments: Advances in pharmacology may lead to the development of 

personalized medications that target specific neurobiological pathways affected by noise 
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exposure. For example, drugs that modulate neurotransmitter systems or reduce inflammation 

may be tailored to individuals based on their specific neurobiological profiles (Miller & 

O'Callaghan, 2002). 

Role of Policy and Public Health Initiatives in Mitigating Noise Pollution 

Addressing noise-induced mental stress also requires effective policy and public health 

initiatives. Policymakers and public health agencies play a crucial role in mitigating noise 

pollution and protecting mental health. Key strategies include: 

Noise Regulation and Standards: Implementing and enforcing noise regulation and standards 

is essential for reducing noise pollution in urban environments. This includes setting limits on 

noise levels from transportation, construction, and industrial sources, as well as promoting the 

use of quieter technologies and practices (Basner et al., 2014). 

Urban Planning and Design: Urban planning and design can help mitigate noise pollution by 

incorporating noise-reducing features, such as green spaces, sound barriers, and zoning 

regulations. Designing cities to minimize noise exposure and create quiet zones can improve 

overall quality of life and reduce noise-related mental stress (Babisch, 2005). 

Public Awareness and Education: Raising public awareness about the effects of noise on 

mental health and promoting noise-reduction strategies can empower individuals to take 

proactive measures. Public education campaigns can provide information on the impact of 

noise pollution and encourage practices such as using ear protection and reducing noise in 

residential areas (Abulude FO et al., 2024). 

Research Funding and Support: Supporting research on noise-induced mental stress and its 

health impacts is critical for developing evidence-based policies and interventions. Funding for 

research initiatives can help advance our understanding of noise-related health effects and 

inform the development of effective public health strategies (Munzel et al., 2014). 

Implications for Mental Health Research and Public Policy 

The implications of these findings for mental health research and public policy are substantial. 

Research into noise-induced mental stress provides valuable insights into the neurobiological 

mechanisms of stress and its impact on mental health. This knowledge can inform the 

development of targeted interventions and treatments, as well as guide policy and public health 

initiatives aimed at reducing noise pollution and its adverse effects. Effective policies and 

public health strategies are crucial for mitigating noise pollution and protecting mental health. 

Implementing noise regulations, promoting urban planning strategies, and raising public 

awareness are key components of a comprehensive approach to addressing noise-induced 

stress. 

Final Thoughts on Future Research Needs and Directions 

Future research in the field of noise-induced mental stress should focus on several key areas. 

These include exploring emerging technologies and research directions, such as advanced 

neuroimaging, genetic and epigenetic approaches, and personalized interventions. 

Additionally, efforts to improve study design, standardize noise exposure protocols, and bridge 

the gap between animal models and human health are essential for advancing our understanding 

of noise-related health effects. Collaboration between researchers, policymakers, and public 

health professionals will be critical in translating research findings into effective interventions 

and policies. By addressing the challenges and leveraging emerging opportunities, we can work 

towards reducing the impact of noise on mental health and enhancing overall well-being. 
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5. CONCLUSION 

The review of noise-induced mental stress in laboratory animals highlights several key 

findings. Chronic noise exposure leads to significant alterations in brain function and structure, 

particularly in regions such as the hippocampus, prefrontal cortex, amygdala, and 

hypothalamus. These changes are associated with impairments in cognitive functions, 

emotional regulation, and overall mental health. The impact of noise on these brain regions 

underscores the importance of understanding the mechanisms underlying noise-induced stress 

and developing effective interventions. Methodological limitations in preclinical studies, 

variability in noise exposure protocols, and challenges in translating animal models to human 

contexts are significant obstacles in this field. Addressing these challenges through 

standardized protocols, advanced technologies, and personalized approaches is essential for 

improving the reliability and applicability of research findings. 
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