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With rapid industrialization, urbanization, and climate change, the impact of environmental factors on human health is becoming increasingly evident and understanding the complex mechanisms involved is vital from a healthcare perspective. Nevertheless, the relationship between physiological stress resulting from environmental stressors and environmental disease is complex and not well understood. Chronic exposure to environmental stressors, such as air and water contaminants, pesticides, and toxic metals, has been recognized as a potent elicitor of physiological responses ranging from systemic inflammation to immune system dysregulation causing or progressing environmental diseases. Conversely, physiological stress can exacerbate susceptibility to environmental diseases. Stress-induced alterations in immune function and hormonal balance may impair the ability to detoxify harmful substances and combat pathogens. Additionally, prolonged stress can impact lifestyle choices, leading to harmful behaviors. Understanding the link between physiological stress and environmental disease requires a systematic, multidisciplinary approach. Addressing this complex relationship necessitates the establishment of a global research network. This perspective discusses the intricate interplay between physiological stress and environmental disease, focusing on common environmental diseases, cancer, diabetes, and cognitive degeneration. Furthermore, we highlight the intricate and reciprocal nature of the connection between physiological stress and these environmental diseases giving a perspective on the current state of knowledge as well as identifying where further information is necessary. Recognizing the role of physiological stress in environmental health outcomes will aid in the development of comprehensive strategies to safeguard public health and promote ecological balance.
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1 INTRODUCTION
Failure of an organism to respond adequately to stimuli, whether originating internally or externally, resulting in the disruption of cellular homeostasis can be classified as stress. Stress may stem from physical, physiological, and psychological sources. Physiological stress primarily occurs when the body faces environmental challenges, which alter normal physiological functionality, which is the focus of this perspective. Environmental stresses encompass a wide range of factors, including exposure to extreme temperatures, radiation, toxins, and pollution, including inadequate access to clean water and sanitation. These stressors can lead to oxidative stress which may result in lipid peroxidation, DNA mutations or damage, and protein oxidation, as well as weaken the immune system, cause inflammation, contributing to environmental diseases (Lovallo, 2005; Thanan et al., 2014) as depicted in Figure 1. For example, Thanan et al. (2014) reviewed the role of oxidative stress stemming from exposure to environmental factors in the development and progression of cancer and neurodegenerative disease. Furthermore, collection of Adverse Outcome Pathways (AOPs) dedicated to understanding the effects of reactive oxygen species (ROS) originating from environmental stressor exposure, related to disease development and progression, has been established with several hundreds of AOPs registered (Tanabe et al., 2022; Tanabe et al., 2023). Thus, the environment is central to human health in terms of disease development and progression.
[image: Figure 1]FIGURE 1 | Compact depiction of physiological stress linking selected environmental stressors and the environmental diseases discussed in this perspective (created with the aid of BioRender.com).
At a cellular level, responses to stress are mediated by multifaceted interactions, including the nervous, endocrine, and immune systems and are adaptive to counteract acute instances effectively. However, repetitive or prolonged, chronic exposure to stress may cause maladapted responses and impact cellular physiology, resulting in the development and exacerbation of many diseases (Yang et al., 2014; Ketchesin et al., 2017). Furthermore, stress responses primarily mediated by the release of stress hormones like cortisol, can have profound effects on immune, metabolic and cognitive functions, as well as cardiovascular health, and neurological function (Russell and Lightman, 2019). Moreover, a weakened immune system could contribute to susceptibility to infections and diseases (Pedersen et al., 2011).
Individuals with compromised immune systems are more susceptible to developing respiratory issues, allergies, and autoimmune disorders related to environmental stresses (Glaser and Kiecolt-Glaser, 2005). Excessive inflammation has been associated with cardiovascular problems, respiratory disorders, and specific types of cancer (Steptoe et al., 2007; Manisalidis et al., 2020). Environmental pollutants can also induce oxidative stress, accelerating cell damage and increasing the risk of cancer, neurodegenerative disorders, and respiratory conditions (Halliwell and Gutteridge, 2015). Furthermore, hormonal disruption, caused by endocrine disruptors like pesticides and plasticizers, can impact reproductive health and raise the likelihood of hormone-related cancers (Zoeller et al., 2012). Moreover, neurotoxic substances such as heavy metals and organophosphates can impair neuronal development, leading to behavioral disorders and neurodegenerative diseases (Grandjean and Landrigan, 2006).
Many of the toxic effects induced by environmental stressors have been found to be mediated by the regulation or induction of apoptosis and redox signaling (West, 2000; Abdollahi et al., 2004; Assefa et al., 2005; Ryter et al., 2007; Valko et al., 2007), and their deregulation associated to the etiology of many environmental diseases (Fadeel and Orrenius, 2005). Although redox signaling has been primarily linked to activating distinct apoptotic pathways in response to environmental stress, the direct molecular mechanisms involved remain elusive. In other words, although many toxicological studies have investigated cellular responses to environmental stress and the implication of oxidative stress in disease [reviewed by Kruk et al. (2019)], a clear understanding of the mechanistic events related to disease onset and progression is still lacking. The involvement of oxidative stress in the development of selected environmental diseases will be dealt with in more detail in the following sections.
As research towards understanding how environmental risk factors influence the development and progression of environmental diseases will lead to improved public health, understanding the underlying mechanisms in physiological stress related to disease becomes evident. In this perspective article, the current state of knowledge on the implication of physiological stress in environmental disease will be concisely assessed, especially concerning cancer, diabetes, and cognitive diseases, highlighting the knowledge gaps in understanding the mechanisms relating to physiological stress, and particularly oxidative stress, to disease etiology. We highlight existing and identify knowledge gaps that require further investigation to comprehend the underlying mechanisms involved in developing environmental diseases.
2 CANCER
Environmental risk factors, such as exposure to carcinogens and pollutants, contribute to the onset and progression of cancer. Petrinović et al. (2023) reviewed inflammation as a link between stress and cancer. Furthermore, physiological stress has been implicated in the activation of tumor progression genes (Zweitzig et al., 2007). By contrast, oxidative stress is considered a driver of cancer dormancy; however, disease recurrence after prolonged dormancy is a significant cause of cancer-associated mortality (Payne, 2022). The balance of the microenvironment is thought to be involved in cancer development (Chipurupalli et al., 2019). Hypoxic microenvironment condition induces adaptive responses such as endoplasmic reticulum (ER) stress response, unfolded protein response, anti-oxidative responses, and autophagy in cancer, which allows the adaption to a stressful microenvironment of cancer (Chipurupalli et al., 2019). Autophagy is a catabolic intracellular nutrient scavenging pathway triggered by nutrient deprivation and stress, which is upregulated in many cancers and in response to cancer therapy to confer treatment resistance (White et al., 2021). Genome instability, which is the consequence of DNA lesions that can result from errors in DNA replication, from the action of genotoxic compounds, including cellular metabolites or from ultraviolet (UV) and ionizing radiation, is a hallmark of cancer (Gaillard et al., 2015). DNA replication stress is a feature present in most cancers, which is induced by oncogenes inducing sustained proliferation and induces other cancer hallmarks, escape from apoptosis and genomic instability (Macheret and Halazonetis, 2015).
A recent review has proposed that ROS contribute to gastric cancer vascularization (Biagioni et al., 2023). Chronic ROS and oxidative stress can consequently suppress the antioxidant system and induce several signaling pathways such as interleukin-6 receptor (IL-6R)/gp130/STAT3 signaling pathway, leading to radiotherapy-resistant gastric cancer (Gu et al., 2018). Despite the already advanced insights into cancer development and progression, the complete mechanisms that link chronic stress to cancer remain incompletely understood. Nevertheless, physiological stresses clearly play central roles in cancer etiology and elucidation of this link is vital for the advancement of cancer therapeutics.
3 DIABETES
The acute activation of stress-related neuroendocrine systems contributes to maintain homeostasis; however, chronic and excessive stress can play a decisive role in the onset and progression of metabolic diseases such as type 2 diabetes (Hackett and Steptoe, 2017; Kautzky et al., 2022; Kivimäki et al., 2023). In response to stress, rapid alterations in central and peripheral metabolism and hormone trafficking occur by several biological pathways contributing to diabetes etiology: i) upregulation of the hypothalamic-pituitary-adrenal (HPA) axis with cortisol release, ii) activation of the sympathetic nervous system, and iii) inflammatory processes and oxidative stress. Under chronic stress, release of the corticotropin-releasing hormone from the hypothalamus leads to HPA axis activation, finally target adrenal cortex and promote the release of glucocorticoid cortisol, with relevant functions, many of them related to glucose homeostasis and mobilization of energy stores (Kagias et al., 2012; Kuo et al., 2015; Li and Cummins, 2022). Glucocorticoids stimulate hepatic gluconeogenesis and glycogen depletion, attenuate glucose update in muscle and adipose tissue, and antagonize insulin metabolic actions, promoting hyperglycemia and insulin resistance (Kuo et al., 2015; Li and Cummins, 2022). Cortisol-related stress pathways can also gradually induce visceral fat accumulation and pancreatic β-cell production and secretion of insulin. Activation of the immune system and chronic inflammatory processes is also a crucial mechanism by which stress influences the risk of developing diabetes (Donath and Shoelson, 2011). Chronic hyperglycemia is also leading to cellular disruption with mitochondrial dysfunction, ROS production, ER stress, and alterations of autophagy (Burgos-Morón et al., 2019). Cortisol release in response to stress, increases blood pressure and heart rate via sympathetic system activation (Brotman et al., 2007; Ulrich-Lai and Herman, 2009), thanks to the release of adrenaline, which also induces energy mobilization and the release of pro-inflammatory cytokines and insulin resistance (Emdin et al., 2005; Brotman et al., 2007; Ulrich-Lai and Herman, 2009).
Altogether, chronic changes in several stress-responsive biological systems influence glucose homeostasis and insulin metabolic actions and subsequently increase the risk of diabetes. Interventions based on stress management seem to alleviate stress symptoms and glycemia in patients with type 2 diabetes, but the impact of this intervention on disease progression has not been clearly established yet. Also, whether glucose and insulin levels can be directly disrupted by chronic stress or indirectly affected through these pathways is a matter of debate.
4 COGNITIVE FUNCTION AND NEURODEGRADATION
The interplay between environmental risk factors and their impact on cognitive function and neurological disorders has become an increasingly significant area of concern in recent years. While stress is well-documented for its capacity to induce structural alterations in the brain, thereby influencing cognition and memory (Lupien et al., 2009), a broader spectrum of environmental stressors is now being recognized for their potential role in this complex relationship.
Beyond psychological stress, which is known to affect cognitive function, environmental stressors such as extreme temperature conditions (Taylor et al., 2016; Martin et al., 2019) and exposure to pollutants have been found to significantly impact cognitive performance. For example, Kishore et al. (2013) demonstrated that the ingestion of tyrosine can enhance the preservation of cognitive function during passive heat stress, correlated with increased levels of dopamine and epinephrine. Despite this indication of the importance of tyrosine, the underlying mechanism remains elusive.
Furthermore, it is crucial to acknowledge that other environmental stressors have firmly established their negative influence on cognitive health. Air pollution (Lopuszanska and Samardakiewicz, 2020; Gao et al., 2021) and heavy metal exposure (Wang and Matsushita, 2021) have both been associated with cognitive impairments. In a comprehensive review by Singh et al. (2019), it was highlighted that ROS, stemming from exposure to environmental stressors such as ultraviolet and ionizing radiation, as well as chemical pollution, play a central role in neurodegeneration and neurological disorders.
In addition to environmental stressors, inflammation has emerged as a central contributor to cognitive impairment (Leonardo and Fregni, 2023). The central nervous system’s susceptibility to oxidative damage caused by radicals (Cui et al., 2004) emphasizes the significant role of oxidative stress in the onset and progression of neurodegenerative disorders (Angelova and Abramov, 2018; Singh et al., 2019). This sensitivity arises from the abundance of unsaturated fatty acids and oxygen, making lipid peroxidation a critical process (Cobley et al., 2018). Furthermore, an elevated oxidative stress status, coupled with increased apoptosis, has been shown to contribute to the pathogenesis of neurodegeneration (Bhat et al., 2015). Moreover, free radicals have been implicated in the development and progression of cognitive deficits through their disruptive effects on synaptic transmission, mitochondrial function, neuroinflammation, and axonal transport (Cui et al., 2004; Angelova and Abramov, 2018; Cobley et al., 2018).
While it is evident that oxidative stress and inflammation play pivotal roles, the precise cellular and molecular mechanisms by which stress impairs cognitive function remain incompletely understood. Additionally, our knowledge concerning the impact of diverse environmental stressors on cognitive function and neurodegeneration remains limited. It is imperative to comprehend the link between physiological stress and cognitive function to develop interventions aimed at mitigating the adverse effects of stress on the brain, thus optimizing cognitive performance and overall wellbeing.
Significant strides have been taken in understanding how stress affects cognitive function, yet there exist numerous gaps in our understanding that necessitate further research. These gaps encompass the factors of individual variability, such as age, sex, predisposition, resilience, and more, as well as the timing and duration of stress exposure and the interactions with other contributing factors. The relationship between neurological disorders and environmental influences is intricate and multifaceted, requiring ongoing exploration to uncover the intricate mechanisms, variations among individuals, and the potential for interventions to ameliorate the detrimental effects of stress on cognition.
5 DISCUSSION
The link between physiological stress and environmental disease is a complex and significant aspect of public health. The One-Health concept acknowledges the interconnectedness of human health, animal health, and environmental health. It underscores the significance of considering the health of humans, animals, and the environment in an integrated manner to achieve optimal health outcomes. Concerning environmental diseases, the One-Health approach recognizes that environmental factors exert a substantial influence on human health (Lippi et al., 2022). This includes understanding how emerging pollutants such as air particulate matter or emerging pollutants contribute to the development or exacerbation of various diseases in both humans and animals (Flies et al., 2019). By adopting this approach, a better understanding of the intricate interactions between the environment and human health can be achieved, thereby enabling the formulation of more effective strategies for preventing and managing environmental diseases.
This perspective aimed to deliver a concise overview of how physiological stresses can significantly impact human health and increase the risk of developing various environmental diseases. In most cases, the link between chronic physiological stress and disease etiology, primarily occurs via causing oxidative stress, disrupting the body’s stress response system, leading to hormonal imbalances, increased inflammation, and impaired immune function. Thus, prolonged physiological stress can contribute to developing environmental diseases such as cardiovascular disorders, gastrointestinal problems, immune system dysfunction, and mental health disorders.
The relationship between environmental risk factors and environmental diseases has not been clearly elucidated to date, particularly pertaining to molecular mechanisms. To accurately determine the increased disease risk resulting from stress responses, further scientific evidence is required regarding the effects of different stressors, their severity, and the duration of stress (acute or chronic) on the physiological and metabolic responses in the body. In particular, the complex nature of chemical toxicants, such as non-linear dose-response relationships and mixture effects, hinders the attainment of consistent results in toxicological studies (Lee, 2012). Therefore, it is essential to establish a systematic pre- and post-management system for effectively addressing environmental disease studies. This system should encompass the categorization of environmental disease occurrence based on exposure to exogenous risk factors, as well as hazard and risk assessment considering exposure scenarios, symptoms, and induction pathways. Moreover, considering the actual environmental conditions characterized by chronic exposure to low concentrations, future research should be discussed revolving around epigenome-based biomarkers, exposomes, and intergenerational effects (Wild, 2005). Furthermore, since environmental diseases arise from chronic exposure to environmental stressors, it is crucial to demonstrate the risk and persistence of these diseases under various conditions such as age, gender, and health status. A noteworthy consideration for future investigation is individual susceptibility to these stresses which can vary based on genetic factors, lifestyle choices, and overall health status (Rea, 2017; Mancinelli et al., 2021). Furthermore, prolonged exposure may not necessarily directly cause environmental diseases but can significantly increase the risk or exacerbate pre-existing conditions (Li et al., 2023). Thus, understanding the underlying mechanism involved in disease development and progression regulated by environmental factors is essential. To this end, the establishment of a global research network through collaborative efforts with specialized research institutes and researchers worldwide is necessary.
By taking a holistic approach to healthcare, addressing both physiological and environmental stresses, healthcare providers can improve their patient’s overall health and quality of life. It emphasizes the importance of early intervention and promoting a healthy lifestyle to mitigate the impact of stressors on health. Understanding the role of physiological stresses in diseases is crucial for healthcare professionals in terms of prevention, diagnosis, and treatment. Understanding and addressing the connection between physiological stress and environmental disease is crucial for formulating effective public health strategies to protect and promote the wellbeing of individuals in an increasingly polluted and stress-inducing world. By identifying and addressing these stresses, healthcare providers can develop strategies to mitigate their impact on health and improve patient outcomes. This may involve lifestyle modifications, stress management techniques, environmental interventions, and targeted medical interventions. Overall, physiological stresses play a complex and multifaceted role in the development and progression of diseases. By recognizing and managing these stresses, healthcare professionals can help individuals sustain optimal health and wellbeing and ultimately, this knowledge will contribute to improved advanced methodologies aimed at mitigating the impact of environmental risk factors on human health.
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