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ABSTRACT: This perspective article highlights the pressing necessity to focus on heterogeneity in organ-specific 

aging, emphasizing the influence of environmental and climate changes, as well as social interactions, on the aging 

process of individual organs. It explores innovative and integrative strategies tailored to the unique aging mechanisms 

of different organs, aiming to preserve their biological clocks. By emphasizing the importance of addressing organ-

specific vulnerabilities, the article calls for transcending traditional pharmacological treatments and organ 

transplants. It proposes a comprehensive approach that combines environmental management, social support 

systems, and advanced technological interventions to improve the well-being and longevity of aging populations. 
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Introduction 

 

Physiological aging of organs in murine models has been 

shown to trigger a functional decline across the body, 

potentially disrupting the healthy maintenance process 

and imposing additional burdens on healthcare systems 

[1]. Although these findings underscore critical biological 

mechanisms in specific species, they hold significant 

reference value for understanding human physiological 

aging. Recent advances in plasma proteomics, utilizing 

machine learning models to analyze blood plasma 

samples from 5,676 adults, have revealed that nearly 20% 

of individuals exhibit significantly accelerated aging in at 

least one organ, highlighting the variability in organ-

specific aging processes [2]. This variability indicates that 

each organ ages according to its own unique pattern, 

affecting the overall health of individuals in distinct ways. 

This pivotal finding  challenges the traditional 

understanding of aging as a uniform process across the 

body, and paves the way for healthcare solutions tailored 

to the unique requirements of individual organs [3].  

The integration of genomics and systems biology 

has significantly advanced our understanding of aging, 

revealing how genetic predispositions, metabolic profiles, 

and environmental stressors influence physiological 

decline [1, 4]. Recent research has further elucidated the 

complex interactions between environmental stressors 

such as air pollution and green spaces and biomarkers 

involved in various organs. For instance, particulate 

matter and urban noise have been found to specifically 

alter biomarkers related to brain age and phenotypic age, 

underscoring the varied effects of environmental factors 

on different physiological systems [5]. These insights 

highlight the necessity of considering a broad range of 

environmental factors in aging studies, compelling the 

adoption of a multidisciplinary approach that integrates 

perspectives from biomedical engineering, computational 

modelling, and the social sciences. Such an approach is 
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essential for crafting effective public health interventions 

aimed at mitigating the diverse impacts of environmental 

stressors on aging.  

Understanding the distinct patterns of physiological 

aging across different organs reveals profound 

implications for both healthcare strategies and public 

health policies. Just as the human body follows a general 

health cycle, each organ operates on its own unique 

biological clock or 'organ health cycle,' which can vary 

significantly from one organ to another [6]. Recognizing 

these individual cycles is essential for developing targeted 

therapies that address specific aging processes effectively. 

By comprehending the specific aging pathways of various 

organs, health researchers can anticipate potential risks 

and intervene in precise therapies.  

Moreover, these insights underscore the need to 

incorporate social and economic dimensions into 

healthcare solutions. Targeted interventions not only 

improve the quality of life for individuals, but also inform 

public health policies by highlighting disparities in 

environmental and social conditions. The implications of 

such findings extend beyond medical treatment into 

community-based preventive care. As our understanding 

of how specific organs respond to environmental stressors 

deepens, it becomes possible to develop targeted and 

integrated interventions that can mitigate these effects.  

 

Environmental Impacts on Physiological Aging 

 

Human physiological aging and the resultant health status 

changes are intricately influenced by a combination of 

genetic components, environmental conditions, and 

random stochastic events [7]. Increasingly poor 

environmental conditions, such as air pollution, 

ultraviolet radiation, and climate change, play an 

important role in accelerating  the aging processes of 

various organs, thereby posing significant health risks [8]. 

While some studies have laid a foundational 

understanding of differential aging progresses of various 

organs through lifestyle surveys [9-11], the underlying 

mechanisms remain complex and multifaceted. 

Nonetheless, the profound impact of exogenous 

environmental factors on the aging process is evident and 

warrants comprehensive investigation. 

 

Air Pollution and Physiological Aging of Different 

Organs 

 

Air pollution is a key environmental factor that may 

exacerbates organ-specific physiological aging and 

increases the risk of chronic diseases associated with 

various organs. For instance, studies have shown that 

exposure to air pollution, especially particulate matter, 

can accelerate the aging of the lungs and increase the risk 

of chronic respiratory diseases [12, 13] . These fine 

particles (including carbon monoxide, sulfur dioxide, 

nitrogen dioxide, silica, asbestos and bioaerosols) induce 

inflammation and oxidative stress in lung tissues, 

contributing to premature lung aging and decreased 

pulmonary function. Additionally, air pollution has been 

linked to cardiovascular diseases, as fine particulate 

matter can enter the bloodstream, causing endothelial 

dysfunction and increasing the risk of atherosclerosis and 

other cardiovascular conditions [12]. Long-term exposure 

to polluted air may also negatively impacts the brain, 

potentially accelerating cognitive decline and increasing 

the risk of age related neurodegenerative diseases [14].  

A study from the Global Burden of Disease (GBD) 

indicates that air pollution alone leads to over 6 million 

premature deaths annually, and 213 million disability-

adjusted life years (DALYs) are attributed to exposure to 

air pollution each year [15]. Vulnerable populations, 

including older adults, children, and individuals with 

chronic respiratory conditions, face a significantly higher 

risk of health impacts related to air pollution [16, 17]. This 

underscores the importance of addressing air quality to 

mitigate its adverse effects on respiratory and 

cardiovascular health. 

 

UV Radiation and Physiological Aging 

 

The health risks of ultraviolet (UV) radiation are an 

emerging topic of concern. While moderate exposure to 

UV radiation is generally harmless and even beneficial for 

processes like vitamin D synthesis, excessive UV 

exposure poses significant risks to various organs, 

particularly the skin and eyes [18]. Prolonged exposure to 

UV radiation has been linked to DNA damage in skin 

cells, resulting in photoaging and a higher incidence of 

skin cancers [19, 20]. High level of UV radiation is 

associated with a significantly increased incidence of skin 

cancers, highlighting the need for protective measures. 

UV radiation also degrades the skin’s protective barrier, 

making it more prone to environmental damage and 

cellular aging.  

Excessive UV radiation impacts ocular health as well, 

making ocular cells more prone to senescence. A study on 

the use of UV-C germicidal lamps indicates that even 

brief exposure to UV light can cause irreversible harmful 

changes in skin cells and retinal cells in the eyes [21]. 

Moreover, chronic UV exposure can alter dopamine 

levels in the central nervous system and peripheral organs, 

including the skin, leading to cognitive deficits [22]. 

Recognizing the balance between beneficial and harmful 

effects of UV exposure is essential. While small amounts 

of UV light are beneficial, overexposure leads to 

significant health risks and accelerates the aging process 

of various organs. 
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Climate Change Risks for Accelerated Organ-specific 

Aging  

 

Climate change poses significant risks for accelerated 

physiological aging, particularly through extreme 

temperature fluctuations and heatwaves. In recent years, 

climate change and its alignment with Sustainable 

Development Goals (SDGs) have captured significant 

attention from both the academic community and the 

public [23]. Climate change, driven by human activities, 

poses considerable threats to human health, with older 

adults being especially susceptible to the dangers of 

heatwaves and other severe temperature fluctuations [24]. 

Moreover, climate change influences the aging process of 

organs across all age groups through long-term 

mechanisms, posing enduring health risks.  

For instance, research highlights the negative effects 

of heat stress. In older adults, the cardiovascular response 

to heat stress is impaired, and their ability to regulate 

stroke volume during heat exposure is notably diminished 

[25]. While aging naturally diminishes the physiological 

functions of cells throughout the body, cells within the 

cardiovascular system, such as cardiomyocytes, are 

particularly susceptible to age-related deterioration [26]. 

This vulnerability may worsen due to various climate 

stressors, potentially hastening the decline of neurological 

and other organ-specific functions, highlighting the 

broader implications of rising global temperatures on 

human organ health. A mismatch between the rate of 

change in climate conditions and human beings' resilience 

to cope with these changes may severely affect overall 

health [27]. 

 

Comprehensive Perspectives on Environmental 

Influences 

 

A comprehensive understanding of environmental 

influences on physiological aging requires integrating 

both physical and social dimensions. Physical 

environmental factors like air pollution and UV radiation 

directly impact organ aging, while social factors and 

community support play significant roles in health 

outcomes. Beyond concerns about the heterogeneous 

aging of individual organs influenced by the physical 

environment, we must also consider the social attributes 

of physiological aging. Well-being, or happiness, often 

regarded as a central element of active aging, is thought 

to offer protection against the effects of body aging. This 

has been corroborated in biological experiments, for 

example, a study involving aging mice showed that those 

with active social lives experienced a delayed onset of 

age-related immune and oxidative stress compared to their 

isolated peers [28]. These findings underscore the 

potential of community-driven interventions to improve 

health and prolong life by creating supportive 

environments that mitigate the adverse effects of 

environmental stressors.  

Furthermore, environmental inequalities result in 

varying health impacts across different populations. There 

is increasing recognition of the role of environmental 

inequalities in determining health outcomes. Not all 

populations experience these effects equally due to 

varying levels of pollution and access to green spaces, 

individuals in different regions, or even within the same 

city, might experience vastly different aging patterns. 

Although the relationship cannot be directly observed in 

the data, scholars believe residential greenspace or 

microclimates within communities play an important role 

in organ-specific health outcomes [10]. For instance, 

residents in communities with more green spaces exhibit 

healthier cardiopulmonary systems, as green spaces 

improve air quality and provide opportunities for physical 

activity [29]. Social connections and community 

involvement are vital in mitigating the adverse effects of 

environmental stressors, delaying age-related declines, 

and enhancing overall health [30]. These insights 

underscore the importance of fostering supportive 

environments that address both the physical and social 

aspects of aging, setting the stage for integrative 

community-based healthcare approaches.  

These observations highlight a significant trend in 

considering environmental factors during health 

transitions, particularly given the heightened 

vulnerabilities faced by the aging population to air 

pollution. The academic community advocates the need to 

focus on biomarkers of accelerated organ-specific aging, 

such as increased epigenetic age, which highlights the 

growing sensitivity to environmental exposures among 

individuals [31]. Integrating knowledge from 

environmental science and public health into aging 

research allows us to address not only the biological 

determinants of aging but also the social and 

environmental factors that shape health outcomes. Based 

on the above discussion, we can develop interventions that 

mitigate the effects of aging across multiple organ 

systems and promote healthy aging holistically. 

 

Integrative Care Approaches: Community based 

Responses 

 

To address the complex interplay between organ aging 

and environmental factors, we propose a paradigm shift 

towards integrative care. It is no longer sufficient to view 

organ transplantation, surgical interventions and 

prescribing medicines as the primary recourse for 

addressing the ramifications of aging [32, 33]. Previous 

research has indicated that factors such as natural and 

artificial light, noise, plants, art, air quality, color, 
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simulated and actual views of nature, and support groups 

or other social opportunities could greatly benefit the 

healing process [34]. Therefore, we advocate for a dual 

strategy that marries environmental healing with medical 

care.  

Environmental healing refers to the strategic 

implementation of public health and policy measures 

aimed at reducing exposure to harmful environmental 

conditions [35]. This encompasses initiatives such as 

mitigating air and water pollution, promoting urban green 

spaces, and enhancing physical factors considering 

changing climate patterns [36, 37]. For example, 

implementing stricter emissions standards for vehicles 

and industries can significantly reduce the burden of air 

pollution, while increasing the accessibility of green 

spaces in urban areas can provide a buffer against the 

urban heat island effect and promote physical activity. 

Parks, as a common environmental practice of green 

spaces,  provide a range of natural benefits such as 

intercepting dust, toxins and noise, sequestering carbon 

and buffering flooding, creating place for recreation, 

fostering well-being, and a host of other social benefits 

[38].  

An empirical study from Huanhuaxi Park in 

Chengdu, China, shows that different types of landscapes 

vary in their effectiveness at promoting physiological and 

psychological recovery. Topographical landscapes 

provided more restorative experiences, with water 

elements receiving the highest restoration evaluations 

[39]. Similarly, a case from Stanley Park, an urban forest 

park in Canada, demonstrates that therapeutic plant 

landscapes can engage visitors’ senses, alleviate 

physiological, emotional, and psychological stress, and 

offer comforting and enjoyable experiences [40]. These 

findings suggest that authorities should consider human 

health recovery needs in urban and rural community 

planning, and by strategically designing landscapes with 

therapeutic elements, these measures can improve the 

quality of life for residents. 

Environment-oriented comprehensive care 

emphasizes a holistic approach to the health needs of the 

entire population [41]. It integrates preventive measures, 

lifestyle modifications, and personalized medical 

interventions to address the multifaceted aspects of aging. 

This approach may involve regular screening for organ-

specific biomarkers, tailoring nutritional advice based on 

individual metabolic profiles, and leveraging digital 

health technologies for remote monitoring and early 

intervention.  

Examples from countries such as New Zealand and 

the United Kingdom highlight the effectiveness of Green 

Prescriptions, also known as Nature Prescriptions, in 

integrating environmental elements with health 

promotion activities to enhance physical health and 

combat physiological aging [42]. Green Prescription 

involves doctors encouraging patients to engage in 

activities in natural settings to improve their mental and 

physical health, based on research indicating that regular 

contact with nature can reduce the dependency on certain 

medications [43, 44]. This reflects the therapeutic 

potential of nature-oriented integrative care in enhancing 

health.  

Additionally, investing in adaptive infrastructure, 

such as green spaces, cool zones, and clean air shelters, 

can provide respite from environmental stressors and 

promote healthy aging. A recent study highlights the 

vulnerability of older adults with cognitive impairments, 

who may not be aware of the need to cool down, hydrate, 

or move to cooler areas during heatwaves, putting them at 

higher risk [45]. Given the importance of encouraging 

mobility and active lifestyles among older adults, it is also 

crucial to create accessible cool zones and green spaces 

within communities to support their well-being during 

extreme heat conditions.  

From a macro policy perspective, initiatives such as 

the WHO Age-Friendly Cities Framework, the Active 

Ageing and AGE Platform Europe programmes advocate 

for the design of age-friendly spaces, promoting 

comprehensive development that fosters healthy aging 

environments. One study explores practical 

implementations, such as the Urban Therapy—Urban 

Health Path Project, which aims to develop criteria for 

selecting urban space features (e.g., topography, building 

elements, or small architecture) to determine their 

suitability for the rehabilitation of older adults. It also 

hypothesizes the development of technological tools to 

activate and engage older adults in physical activities and 

improve cognitive functions [46].  

As we advocate for a paradigm shift towards an 

integrative care model, we emphasize blending 

environmental healing with comprehensive care to 

effectively address the challenges of aging related to 

demographic changes. This approach aims not only to 

reduce exposure to harmful environmental conditions but 

also to emphasize personalized medical interventions and 

lifestyle changes tailored to individual aging processes. 

Integrating environmental strategies with proactive health 

measures paves the way for creating sustainable, age-

friendly environments that enhance the quality of life and 

functional capacity of older populations. The discussion 

will turn to identifying potential gaps in current strategies 

and proposing innovative approaches that ensure aging 

individuals receive the most effective care and support in 

constantly evolving environments. 

 

Envisioning the Future: Gaps and directions 
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Looking ahead, the future of aging research could benefit 

from harnessing the power of big data and artificial 

intelligence (AI) to develop predictive models of 

physiological aging. Establishing a robust surveillance 

system that monitors the health effects of environmental 

factors on older adults, with a particular focus on organ-

specific biomarkers, is crucial [5]. By integrating multi-

omics data with environmental exposure data and health 

records, we can identify the key drivers of differential 

organ aging and develop targeted interventions [47]. For 

instance, precision medicine approaches, which involve 

designing and refining diagnostics, treatments, and 

predictions using large, complex datasets that include 

individual genetics, functionalities, and environmental 

changes, have become mainstream [48]. Predictive 

models based on AI have been successfully utilized to 

forecast risks, employing deep learning algorithms to 

track multiple diseases, immune aging, frailty, and 

cardiovascular aging [49].  

Harnessing the power of big data and AI, we can also 

integrate meteorological, environmental, and health data 

to develop early warning systems that predict the health 

impacts of climate change on older adults. Such systems 

would enable healthcare institutions and communities to 

take proactive measures to mitigate the negative 

consequences of climate change. Moreover, personalized 

risk assessments could be generated based on an 

individual's health profile, living conditions, and 

environmental exposures, empowering older adults to 

take preventive actions and make informed decisions 

about their health.  

Another proposal is the creation of environmental 

healing tourism zones specifically designed for older 

adults. These areas would be situated in locations with 

optimal climatic conditions and minimal pollution, 

offering a therapeutic environment for organ recovery or 

self-healing. Planning for such zones involves 

collaborating with environmental experts to select sites 

that offer the best combination of natural resources and 

accessibility. Challenges such as land use regulations, 

sustainability of resources, and ensuring equitable access 

would need to be addressed through comprehensive 

management strategies that incorporate community input 

and scientific research. For instance, health-driven 

seasonal tourism has become a new mode of eldercare for 

older adults in China, with tourism services for older 

adults also being part of the silver economy policy 

framework of China [50]. In winter, many from the 

northern provinces of China prefer to spend their time in 

the warmer climates of the south (mainly Hainan) [51]. 

For these older adults, the health benefits of the 

destination become a significant attraction in tourism 

marketing. However, these destinations often face 

potential challenges in accommodating medical products 

or services. Thus, it is necessary to integrate scientific 

rehabilitation measures, such as hospitals, accessible 

environments, and physical landscape features, with the 

social attributes of the destination to create 

environmentally friendly, age-inclusive care communities 

that support the localized well-being of older adults. Such 

initiatives could combine eco-therapy, personalized 

nutrition, and mindfulness practices to holistically address 

the effects of climate change on organ aging. By 

providing older adults with opportunities for 

environmental healing, we can enhance their resilience 

and quality of life in the face of global climate change.  

However, addressing the impact of climate change on 

organ-specific aging requires concerted efforts from 

individuals, communities, and policymakers, highlighting 

the need for interdisciplinary collaboration. Developing 

targeted educational campaigns and outreach programs is 

crucial to inform older adults about the health risks 

associated with environmental factors, especially climate 

change. These strategies could include creating 

informative digital content, organizing community 

workshops, and integrating climate health topics into 

existing public health initiatives, involving experts from 

public health, environmental science, urban planning, and 

technology fields. Additionally, it is essential to train 

healthcare professionals and community social workers, 

equipping them with the necessary skills and knowledge 

to address the diverse health implications of climate 

change. Such educational initiatives would empower a 

well-informed community to engage in preventive 

measures and adapt to the changing environment.  

 

Conclusion 

 

In conclusion, the narrative of physiological aging in 

organs, shaped by both intrinsic biological processes and 

extrinsic environmental factors, demands a nuanced, 

multidisciplinary response. Integrating environmental 

healing into comprehensive care strategies offers a 

promising pathway not only for prolonging life but 

significantly enhancing the quality of life for older adults, 

particularly for organs susceptible to accelerated aging. 

Our discussions have highlighted the effective use of big 

data and AI in predicting and managing aging processes, 

suggesting these technologies as realistic and beneficial 

tools. This emphasizes the imperative of strengthening 

interdisciplinary collaborations among biomedical 

scientists, environmentalists, and policymakers.  

Moreover, establishing environmental healing 

tourism zones and promoting targeted educational 

campaigns will further support community-based 

integrative care approaches. Embracing these strategies 

will not only mitigate the adverse effects of climate 

change on organ aging, but also empower communities to 
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proactively support their aging populations. By 

addressing the impact of climate and environmental 

changes on organ aging preemptively, we can envision a 

future where healthy aging is not just an aspiration but a 

universal reality. 
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