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Abstract

:

With the progress of science and technology, humans’ ability to transform and create has been greatly enhanced, but so have the physical and mental ailments associated with environmental degradation and urbanization. Human survival and health are strongly linked to nature, and there is growing evidence that exposure to nature promotes health and well-being. However, there is currently a lack of synthesis among empirical studies on these aspects for the findings to be sufficient for informing public health strategies and social policy. Here, following basic guidelines for systematic review and meta-analysis, we searched PubMed, Web of Science, ScienceDirect, and Scopus databases in January 2023. The results of our search and analysis show that nature can improve people’s health and well-being from two aspects: physical (reduces CVDs, increases immunity, improves autonomic nervous system function, and improves sleep quality) and psychological (restores attention, improves mood, reduces stress, and improves cognitive development). The ways in which people derive health from nature are varied, and tailored, personalized, symptom-specific exposure can further increase the health benefits. More importantly, it seems that people can gain the health benefits of nature by only being exposed to it for a short time. We incorporate the existing scientific evidence in our review and develop a new heuristic point of view on the necessity of exposure to natural environments for the health of individuals.
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1. Introduction


As a consequence of industrialization and the development of an ‘information’ society, humans have developed the ability to transform nature and establish massive urban systems (e.g., megacities, urban agglomerations, etc.). According to the World Urbanization Prospects 2018, 55% of the world’s population in 2018 resided in urban areas globally, with the share of urban dwellers projected to reach 68% by 2050 [1]. Significantly, in the World Urbanization Prospects 2014, these two estimates were, respectively, 54% and 66% [2]. These figures indicate that urbanization is intensifying, and one consequence will be fewer opportunities for engaging with nature [3]. Furthermore, with the acceleration of the pace of modern life, the environment is also changing. Energy sources, natural resources, and biodiversity are gradually becoming scarce; environmental pollution events are occurring more frequently; and the Earth’s environment is generally suffering from the effects of high consumption in human society [4,5]. The incidence of cancer is increasing year by year, and a variety of difficult-to-treat diseases continue to appear. Both diseases with obvious symptoms and medically unexplained physical symptoms are gradually threatening people’s physical and mental health [6,7].



The rise in novel health problems in industrialized societies has led researchers to increasingly scrutinize the effects of the natural environments on human health [8,9,10,11]. Researchers have explored how factors that promote human health vary in the natural environment across space and time [12,13]. In particular, the field of environmental medicine has focused on the effects of exposure to nature on improving physical and mental health [14,15,16]. The field of urban environmental studies has highlighted the importance of natural elements in urban infrastructure for more livable urban environments [17,18,19,20]. Research and subjective experience strongly support the idea that nature has net positive health benefits for humans [21,22,23,24]. These basic studies greatly affirm the importance of studying the relationship between nature and human health. Seeking health from nature is an important supplement or substitute for modern medicine. However, from our previous review, it was revealed that there is lingering uncertainty around (1) the characterization of benefits to human health from varied fields, and (2) how to maximize health benefits from nature.



There is currently a lack of synthesis among empirical studies on these aspects for the findings to be sufficient for informing public health strategies and social policy. In order to more clearly show the multiple benefits of nature on human health and to determine the ways to maximize these benefits according to research evidence, a review study is needed to enrich the line of evidence pointing to the role of natural space in improving health and to establish a theoretical framework for future research in this field. Thus, in this study, we first synthesize evidence for the direct health and well-being benefits individuals can gain from nature, and then we discuss how to best build a ‘bridge’ connecting humans and nature so as to maximize health benefits. These results also have important implications for broader society in the way that individuals interact with nature, improve their ecological awareness, and protect the Earth we share together as a home.




2. Materials and Methods


We conducted this review to investigate the relationship between natural space and health and the ways to maximize its health benefits. Following the basic guidelines of systematic review and meta-analysis, we searched PubMed, Web of Science, ScienceDirect, and Scopus databases in January 2023. We restricted searches to the years ranging from January 1980 to December 2022.



We identified articles with the main search terms, including health (e.g., psychological, physiological, well-being, emotion, depression, and anxiety), natural space (e.g., nature, forest, green space, meadow, lake, etc.), and natural exposure (e.g., nature/forest bathing, shinrin-yoku, nature/forest therapy, nature/forest exposure, nature/forest connectedness, etc.). By searching for these terms independently or in combination, 429 articles were identified in the initial databases. We then removed non-English studies, which left 326 studies, and then potentially relevant papers were selected through the following procedure: (1) screening the titles, (2) screening the abstracts, and (3) retrieving and screening for full text when the abstract did not provide sufficient data or was not available, leaving 58 papers (Figure 1).



We recorded the location, years, sample size, population or sample characteristics, environmental exposure and control exposures, and health outcomes for each study. Due to the inconsistencies of most studies in study design (comparative experiments, questionnaires, etc.), exposure methods, comparison methods, statistical analysis, etc., the number of studies was too low to conduct a meta-analysis. Through our viewing and analysis, nature can improve people’s health and well-being from two aspects: physical (reductions in CVDs, increased immunity, improved autonomic nervous system function, and improved sleep quality) and psychological (restored attention, improved mood and reduced stress, and improved cognitive development).




3. Results


3.1. Health Benefits from Nature


3.1.1. Physical Health


A growing number of studies have found beneficial physical health effects associated with human exposure to natural environments [8]. Benefits that have received relatively large amounts of research attention include reductions in cardiovascular diseases (CVDs), increased immunity, improved autonomic nervous system function, and improved sleep quality (Table 1).



Cardiovascular Disease


Living in highly urbanized environments for prolonged periods may mean reduced exposure to open green and blue spaces, greater exposure to air and noise pollution, and urban heat island effects, all of which increase the risk of CVDs in older adults [22,38]. Globally, CVDs have become the leading cause of death, and the United Nations included reducing CVDs as part of the 2030 sustainable development goals [39]. CVD costs reached EUR 106 billion in 2009, accounting for about 9% of total healthcare expenditure in the European Union [40]. CVD risk is partially associated with social factors, including work stress, worry, life events, social disparities, and trauma [41]. As natural environments can help relieve stress, studies have found that prevention of CVDs via exposure to green space is cost-effective in many scenarios [42].



Recent evidence suggests that repeated ‘forest bathing’ has positive effects on patients with chronic heart failure (CHF) [43,44]. In almost all previous studies of environmental effects on CVDs, blood pressure and pulse rate (PR) are key predictive response variables [45]. One study in Leipzig, Germany, found significant decreases in systolic and pulse pressure in individuals within urban parks relative to those in a busy street environment [22]. Another study found that a three-day bamboo forest therapy session decreased systolic blood pressure (SBP) in university students [27]. Using a nature dose framework, Shanahan et al. [25] also found that people who visit green spaces have lower rates of high blood pressure. Another study found that PR, SBP and diastolic blood pressure (DBP) were significantly lower after a short period (2 h) of forest bathing [46]. A study examining the effects of a forest therapy program in Malaysia revealed that the SBP and DBP of participants remained significantly reduced 3 days and 5 days after treatment [26,47]. These studies strongly support the existence of a mechanistic link between natural environment exposure and reduction in CVDs.




Immunity


The immune system helps the human body to resist viral invasions and maintain vivo stability [48]. However, the performance of the immune system can be affected by environmental factors, such as stressful work conditions and other situations that cause mental or emotional stress. Actively improving or relieving stressful environments can support human immune function and elicit cascading improvements in physical health.



Numerous studies have confirmed that the natural environment can have positive effects on human immune system function. These effects are mainly reflected in NK activity, the number of NK cells, and the levels of intracellular granulysin, perforin, and granzymes A/B. Li et al. [28,29] found that participants who experienced short forest bathing sessions had higher values of NK activity and elevated numbers of NK, granulysin-, perforin-, and granzymes A/B-expressing cells. Furthermore, the increased NK activity lasted for more than 30 days after the forest bathing [49]. Jia et al. [30] found that three-day forest trips for patients with chronic obstructive pulmonary disease (COPD) led to a significant decrease in the levels of intracellular perforin, granzyme B and pro-inflammatory cytokines. Following the same method, Lyu et al. [31] found that bamboo forest therapy significantly increased NK activity and the number of NK, perforin-, granulysin-, and granzyme A/B-expressing cells.



NK cells are recognized as a separate lymphocyte lineage [50]; as mentioned above, NK cells have played an important role in the studies of evaluating human immune function [51]. The positive effects of the natural environment on immune function have been well documented, and short-term forest bathing is recommended for adjunctive therapeutic benefits.




Sympathetic Nervous System Function


The sympathetic nervous system mediates the physiological response of the human body to stress. The sympathetic and parasympathetic systems have opposite functions; generally, the parasympathetic system is enhanced during relaxation, whereas the sympathetic system is enhanced under stress [35]. The sympathetic nervous system can be affected by lifestyle factors such as nervousness, anxiety, and overwork. Natural environments can regulate the sympathetic nervous system by providing free and soothing green spaces.



Using salivary amylase level as an indicator of human sympathetic nervous system activity, Yamaguchi et al. [32] found that sympathetic nervous system activity was reduced in healthy young people when exposed to a forest environment. Components of heart rate variability are frequently used together to approximate parasympathetic (high frequency, HF) and sympathetic nervous system activity (the low frequency/high frequency (LF/HF) or LF/(LF + HF) ratio) [34]. One study found that the sympathetic activity of subjects in a forest area was significantly lower than in an urban area. The study also found that the HF component tended to be higher in forest areas than in urban areas [33]. Similar results were found by Lee et al. [52], who found that forest bathing increased the parasympathetic activity and decreased sympathetic activity in patients relative to when they were exposed to an urban environment. Tsunetsugu et al. [53] also found higher parasympathetic activity and lower sympathetic activity for subjects in forested areas compared to urban locations. Interestingly, these effects of natural therapy on the nervous system have also been found in patients with CVDs and Spinal Cord Injuries (SCIs) [34,35].




Sleep Quality


Poor sleep quality is a common problem that can harm the quality of life and overall health. One in four Americans develops insomnia each year, according to a University of Pennsylvania School of Medicine report [54]. Between 65% and 99% of fibromyalgia patients report poor sleep quality [55]. Considering that sleep disorders can not only be a consequence of medical illnesses but also a major driver of other illnesses, they can lead to potentially life-threatening symptoms if left untreated. Disturbed sleep is also associated with other mental illnesses, including cognitive dysfunction, attention deficit, stress, anxiety, and depression. Poor-quality sleep can severely affect daytime social and work performance and increase the risk of traffic accidents [56].



Various therapies are commonly used to treat insomnia, including behavioral therapy, psychotherapy, light therapy, and pharmacological therapy [54]. However, the adverse effects of drugs, such as the risks of cognitive impairment, parasomnias, and dementia, are frequently discussed by researchers [57,58]. When people are exposed to nature, insomnia symptoms can be alleviated without side effects. Morita et al. [36] found that two hours of forest walking improved sleep characteristics, actual sleep time, immobile minutes, self-rated depth of sleep, and sleep quality. Kim et al. [37] found that forest therapy increased the sleep efficiency of cancer patients from 79.6% ± 6.8% to 88.8% ± 4.9%. They also found that total sleep time increased from 367.2 ± 33.4 min to 398 ± 33.8 min. Li et al. [16] found that subjective sleep quality (feeling refreshed, recovery from fatigue) improved after a 3-day forest trip.





3.1.2. Mental Health


According to the World Health Organization’s definition, mental health encompasses (i) the absence of mental illness and (ii) the presence of psychological well-being [10]. Mental disorders are a significant public health concern [59], and their prevalence has been linked to conditions such as increased work pressure and a disordered pace of life brought about by urbanization [60,61]. The costs of treating mental illness are very high due to both the medical cost of the disease and the corresponding social cost. Vigo et al. [62] estimated that the global burden of mental illness accounts for 32.4% of years lived with disability (YLDs) and 13.0% of disability-adjusted life-years (DALYs). In Australia, the societal costs of depression alone are estimated at AUD 12.6 billion per year [25]. A growing number of studies have demonstrated significant positive associations between exposure to nature and mental health outcomes [63,64,65]. Experience in nature has a restorative effect and reduces stress (Table 2).



Attention


The modern urban environment is information-rich and filled with distractions. The brain relies heavily on cognitive resources to ignore distractions and focus attention. However, this consumes large amounts of energy and over time will induce exhaustion [66]. Such long-term mental fatigue can directly or indirectly lead to health problems.



Natural areas away from the hustle of “city noise” provide beautiful scenery and fresh air, which can help restore attention. The restorative potential of nature can be explained by theories such as Stress Reduction Theory (SRT) [73,74] or Attention Restoration Theory (ART) [75]. SRT suggests that natural exposure reduces stress and reduces negative thoughts through a psycho–physiological pathway that promotes stress recovery. ART proposes that nature helps recover directed attention fatigue, which improves cognitive performance [3].



Many lines of evidence support these theories. For instance, a meta-analysis by Stevenson et al. [66] showed that attentional control was improved after exposure to natural environments, though the effect sizes were low to moderate. In a low-density area of Fuzhou, China, exposure to green space led to significant changes in subjects’ Perceived Restorativeness Scale (PRS). The study also found that landscapes with high plant species richness, water, rough terrain, cultural structures, and the absence of roadways were particularly effective for stress recovery and attention restoration [68]. In another study, place dependence and place identity were also landscape elements positively associated with restorative perceptions [76]. Recently, a study using virtual reality to simulate natural settings found that participants also expressed more perceived restorative value in virtual nature settings rather than in virtual urban settings [67].




Mood and Stress


People born in urban environments have an increased risk of psychiatric disorders, mood disorders and personality disorders [77]. These health problems occur, in part, as a result of prolonged periods of depressed moods and high stress. Improving subjective mood and reducing stress are thus practical measures for reducing the risk of developing psychological problems in urban settings.



Previous studies have provided evidence that walking or meditating in green spaces can improve mood and reduce stress [78]. A study in Denmark found that high levels of exposure to green space during childhood were associated with a lower risk of psychiatric disorders later in life. Mental illness risk for those exposed to the least amount of green space during childhood was 55% higher than that of those exposed to the highest amount of green space [64]. In the UK, researchers found that the odds of a person experiencing a major depressive episode were 4.0% lower per interquartile increment in NDVI greenness [79]. Liu et al. [80] found that having a higher-than-average level of nature-connectedness was associated with a 7% increase in feelings of worthwhileness, a 6.4% increase in life satisfaction, and a 2.5% decrease in depression risk.



Positive associations have also been observed between urban green spaces and brain physiology. For instance, Kühn et al. [15] found that exposure to urban green spaces predicted greater brain grey matter volume as revealed by brain imaging. Effects were particularly evident in the perigenual/subgenual anterior cingulate cortex, which has been negatively associated with depression. Other evidence-based research has supported nature’s role in reducing stress and improving mood. For instance, urinary epinephrine and dopamine tended to decrease after a one-day forest walk, compared to those who walked in a city, suggesting that forest bathing had a relaxing effect [69]. In a study based in Hiroshima Prefecture, Japan, negative items in the profile of mood states (POMS) were significantly decreased in participants after forest bathing, and POMS differences between those with and without depression tendencies disappeared [14]. Elsadek et al. [81] found that walking along roads lined by woods reduced tension, fatigue, confusion and anxiety more than walking along roads with dense buildings. The same health benefits were also achieved in winter [82]. Interestingly, another study found that exposure to the natural light of medium-brightness in a virtual forest could significantly reduce participant stress compared to overly bright or overly dark conditions [83].




Cognitive Development


Cognitive disorders typically impair learning, memory, perception–motor function, language, attention and problem solving [84]. Health problems caused by cognitive disorders are increasing in prevalence and are an important concern for civil society [85]. Contact with nature is thought to play an essential role in brain development. Thus, exposure to natural environments is likely to have a positive impact on cognitive development [9].



Many studies have linked exposure to natural environments with adolescents’ cognitive development. For instance, a study in Rome showed that the level of greenness within 500 m of a residence was positively associated with cognitive development test scores for 7 year olds [71]. Lin and Van Stan II [70] found that tree canopy cover and percent water cover within a school attendance area were associated with higher mean science and social science scores, as well as proficiency level in social science. Another study found that greenness in the surrounding environment was associated with significantly better short-term and overall memory performance [72]. Maes et al. [11] found that greater daily exposure to woodland and blue space, but not grassland, was associated with higher scores for cognitive development in adolescents over time, using longitudinal data. Together, these studies strongly support the idea that woodlands and other natural environments are associated with improved adolescent cognition. Therefore, increasing tree canopy cover and aquatic environments in urban planning were suggested to improve students’ academic performance and cognitive development [70].






3.2. Maximizing Health Benefits of Nature


Time spent in or near natural areas is clearly therapeutic, on the whole. Yet the benefits of nature are largely reaped only when people are able to physically experience a natural area. This leads to a question of how to maximize the health benefits of nature, given large urban populations and finite resources. The best option, on an individual level, involves entering nature, feeling nature, and being in nature. We believe that these interactions between humans and nature can be divided into concepts of nature exposure and nature connectedness.



3.2.1. Nature Exposure


Nature exposure means spending time in a natural environment [86]. The viewpoint holds that health benefits can be obtained simply by going into nature. There are various ways to get such exposure, which can be roughly divided into two categories: going out into nature and bringing nature into our neighborhoods. Going out into nature involves entering natural areas and carrying out recreational activities like exercise, hiking, wildlife watching, or just sitting and doing nothing [87]. Bringing nature to our neighborhood means incorporating more natural elements into our working and living spaces. These elements may include flowers or potted plants, posters of natural scenery, gardens and arbors.



The litany of research cited in this review highlights that regular exposure to nature can foster health and well-being [88]. Further findings suggest that people may not need to be exposed to forests for too long to gain health and well-being. For instance, one study in the UK confirmed that improvements in self-esteem and mood were observed after just five minutes of green exercise [89]. Besides, a dose-response analysis in Australia showed that visiting outdoor green spaces for at least 30 min during a week could reduce the prevalence of depression by up to 7% and 9%, respectively [25]. In addition, a survey study found that people’s health and well-being would be significantly improved if they exposed to nature for more than 120 min per week [90].




3.2.2. Nature Connectedness


Nature connectedness refers to an individual’s subjective feelings about his or her relationship to the natural world [80]. Nature connectedness is more of a psychological concept. It involves creating deep connections to nature through certain behaviors, such as placing oneself in nature and meditating on nature itself. This view proposes that simple exposure to nature is not sufficient to generate optimal health outcomes and that, instead, active, conscious engagement using all the senses is required. Under this view, those who have forged deep connections with nature will improve their health and well-being [87].



There are multiple ways for people to connect with nature. People can deeply feel nature subjectively through mindfulness, meditation, observation and other practices that integrate their mind into nature. Connections can also be built under the guidance of a therapist who will lead individuals through experiential activities such as crafts and exercises to semi-passively increase connections with nature. The ultimate aim of the nature connectedness mindset is to “create close connections with nature and feel nature more intimately”.






4. Discussion


4.1. Health Benefits from Nature


As mentioned above, our summary review adds to the evidence that nature can promote health. This conclusion is consistent with our traditional understanding of nature and the ecological culture of most countries. Furthermore, this conclusion has been supported by a variety of theories, such as biophilia theory, SRT, ART, etc. Even though the existence of these effects was clear and adamant, it is worth our attention that the mechanisms by which nature improves well-being are still not entirely clear. That is to say, the connections between specific types of natural capital and specific health outcomes remain difficult to untangle. Meanwhile, it is undeniable that there are many substances in the natural environment that are not conducive to physical and mental health, such as pollens that cause allergies to the human body, wild animals and plants, and pathogens that are aggressive and harmful to people. The calls of certain animals and the wild environment with excessive density can also cause psychological tension in people. These questions will be the focus of future research.




4.2. Maximizing Health Benefits


Through our viewing, we highlight the health benefits that can be enhanced through a variety of activities. However, there is no unified guidance on the duration, frequency and intensity of exposure to nature needed for health benefits. According to our superficial understanding, in order to maximize the health benefits of nature, we recommend spending as much time in nature as frequently possible. So, how to explain the rationality and internal mechanism of this practice? We might as well offer an interpretation from deep ecology theory to explain that we human beings, as a species in nature, should not be above our separation from the natural ecosystem. Rather, it is more fruitful to conceptualize ourselves as a node in the infinite network of natural things. When humans recognize their role as living creatures that are a part of nature and live in accordance with a “natural rhythm”, they will achieve physical and mental health. We consider nature as a “medicine” for obtaining physical and mental health. In other words, to be healthy, humans must recognize that we are part of nature and participants in the ecosystem rather than observers, in accordance with the laws of nature.





5. Conclusions


Nature can improve people’s health from two aspects: physical (reductions in CVDs, increased immunity, improved autonomic nervous system function, and improved sleep quality) and psychological (restored attention, improved mood and reduced stress, and improved cognitive development). The ways in which people derive health from nature (or interact with nature) are varied and, for the most part, beneficial. Nevertheless, tailored, personalized, symptom-specific exposure can further increase the health benefits. More importantly, it seems that people can obtain health benefits through exposure to nature for a short time. However, the mechanisms by which nature improves well-being are still not entirely clear, and no clear causal link has been established between natural substances and specific health benefits. At the same time, the minimum exposure time required to obtain health has not been quantitatively studied. Furthermore, the beneficial and harmful substances in nature also deserve further research in the future.
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Figure 1. Process of Studies Selection. 
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Table 1. The physical benefits that human derive from nature.
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	Physical Benefits
	The Role of Natural Environments in Preventing Illness
	Physical Response Variables
	Citations





	Cardiovascular Disease (CVDs)
	Exposure to natural environment has been shown to prevent CVDs.
	Systolic blood pressure (SBP)

Diastolic blood pressure (DBP)

Pulse rate (PR)
	Shanahan et al., 2016 [25]

Rajoo et al., 2019 [26]

Zeng et al., 2020 [27]

Kabisch et al., 2021 [22]



	Immunity
	Natural environment can have positive effects on human immune system function.
	NK activity and the number of NK cells

The levels of intracellular granulysin, perforin, and granzymes A/B
	Li et al., 2008 [28]

Li et al., 2010 [29]

Jia et al., 2016 [30]

Lyu et al., 2019 [31]



	Sympathetic nervous system function
	Natural environments can regulate the sympathetic nervous system by providing free and soothing green spaces.
	Salivary amylase

Heart rate variability (HRV)
	Yamaguchi et al., 2006 [32]

Park et al., 2009 [33]

Lee et al., 2014 [34]

Ochiai et al., 2017 [35]



	Sleep quality
	When people are exposed to nature, insomnia symptoms can be alleviated without side effects.
	Sleep characteristics

Sleep time

Self-rated depth of sleep

Sleep efficiency

Sleep quality
	Morita et al., 2011 [36]

Kim et al., 2019 [37]

Li et al., 2022 [16]










 





Table 2. The mental benefits that humans derive from nature.
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	Mental Benefits
	The Role of Natural Environments in Preventing Illness
	Physical Response Variables
	Citations





	Attention
	Natural areas away from the hustle of “city noise” provide beautiful scenery and fresh air which can help restore attention.
	Perceived Restorativeness Scale (PRS)
	Stevenson et al., 2018 [66]

Yu et al., 2020 [67]

Huang et al., 2021 [68]



	Mood and stress
	Walking or meditating in green spaces can improve mood and reduce stress.
	Risk of mental illness

Brain grey matter volume

Urinary epinephrine and dopamine

Profile of mood states (POMS)
	Li et al., 2016 [69]

Engemann et al., 2019 [64]

Furuyashiki et al., 2019 [14]

Kühn et al., 2021 [15]



	Cognitive development
	Exposure to natural environments has a positive impact on cognitive development.
	Cognitive development test

Short-term and overall memory performance
	Lin and Van Stan II, 2020 [70]

Asta et al., 2021 [7