Environmental Health and Preventive Medicine© The Author(s) 2021
https://doi.org/10.1186/s12199-021-00990-w

Review article

When physical activity meets the physical environment: precision health insights from the intersection
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Abstract
Background
The physical environment can facilitate or hinder physical activity. A challenge in promoting physical activity is ensuring that the physical environment is supportive and that these supports are appropriately tailored to the individual or group in question. Ideally, aspects of the environment that impact physical activity would be enhanced, but environmental changes take time, and identifying ways to provide more precision to physical activity recommendations might be helpful for specific individuals or groups. Therefore, moving beyond a “one size fits all” to a precision-based approach is critical.

Main body
To this end, we considered 4 critical aspects of the physical environment that influence physical activity (walkability, green space, traffic-related air pollution, and heat) and how these aspects could enhance our ability to precisely guide physical activity. Strategies to increase physical activity could include optimizing design of the built environment or mitigating of some of the environmental impediments to activity through personalized or population-wide interventions.

Conclusions
Although at present non-personalized approaches may be more widespread than those tailored to one person’s physical environment, targeting intrinsic personal elements (e.g., medical conditions, sex, age, socioeconomic status) has interesting potential to enhance the likelihood and ability of individuals to participate in physical activity.
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Background
Precision health, which is in its infancy, involves approaches that both the individual and public health experts can integrate to help protect an individual’s health [1]. It also aims to develop personalized solutions to health problems by considering individual differences in aspects such as environmental determinants of health [2].
Characteristics of built environments and infrastructure, such as transportation systems and greenness, relate to population rates of chronic disease and health inequities [3, 4]. As the physical environment can either facilitate or hinder activity levels [5], physical activity is thought to underlie much of this relationship. Furthermore, less visible features of the physical environment, such as heat and air pollution, affect health independently but also have implications on physical activity [6–9]. Thus, a key challenge in promoting physical activity is maximizing physical activity and its benefits through supportive environments while paying attention to any adverse implications related to a specific physical environment.
It is perhaps intuitive that an understanding of the physical environment-activity nexus will be a powerful tool in precision health if advice and interventions are provided at an individual level; however, research focusing on this is currently in its infancy. Accordingly, we now consider four specific aspects of the physical environment—namely, walkability, green space, traffic-related air pollution, and heat—that could enhance our ability to precisely guide physical activity in the context of the spaces within which we live and move.
Walkability
Background
Environments marked by greater density, co-location of residential and retail/services, greater connectivity, and other characteristics including esthetics and better safety are considered more walkable. High walkability environments have residents with higher physical activity [3, 10]. Therefore, those living in more walkable environments attempting to increase physical activity through interventions (e.g., lifestyle counseling, walking groups) may have greater or more sustained increases in physical activity than those living in less walkable environments. Alternatively, those living in less walkable environments attempting to increase physical activity may be able to overcome less favorable environments through intervention or, alternatively, require different interventions to overcome environmental challenges.
Context motivating precision health
There is limited evidence, with 14 studies identified to date demonstrating no clear pattern of whether the neighborhood environment in which one lives influences physical activity intervention outcomes (Table 1). Some studies found no effect of walkability on physical activity intervention effects [11], while others found greater increases in physical activity among those living in higher walkability neighborhoods [12, 13], and some found greater increases in physical activity through interventions among those living in lower walkability neighborhoods [14].
Table 1Studies examining how participants’ home neighbourhood environment influences physical activity intervention effects


	Reference (first author; year)
	Setting
	Measure(s) of neighbourhood environment
	Format of physical activity intervention
	Intervention content
	Physical activity measurement
	Valence of environmental influence on intervention effect

	 	 	Perceived
	Objective
	Instructor-led
	Self-directed
	 	Self-report
	Device-based
	Augmenting
	Overcoming
	No effect

	King (2006) [12]
	5 US metropolitan areas
	√
	 	 	√
	Combined 3 different physical activity trials with varying interventions (e.g., telephone-based counseling, peer group support, culturally tailored self-help)
	√
	 	√
	 	 
	King (2006) [13]
	Primary care facilities in 3 US metropolitan areas
	√
	 	 	√
	3 intervention arms within the Activity Counseling Trial (physician counseling alone, physician counseling plus monthly print materials, physician counseling plus health educator telephone counseling)
	√
	 	√
	 	 
	Sallis (2007) [68]
	Primary care facilities in 3 US metropolitan areas
	√
	 	 	√
	3 intervention arms within the Activity Counseling Trial (see above for details)
	√
	 	√
	 	 
	Zenk (2009) [69]
	Urban and suburban areas in and around Chicago, IL (USA)
	 	√
	 	√
	12-month walking intervention for women in predominantly African-American communities
	√
	√
	√
	 	 
	Michael (2009) [11]
	Portland, OR (USA)
	 	√
	√
	 	6-month lay-led neighbourhood-based walking groups
	√
	 	 	 	√

	Merom (2009) [70]
	New South Wales (Australia)
	√
	 	 	√
	Self-help walking program with weekly diaries with or without pedometers
	√
	 	 	√
	√

	Kerr (2010) [14]
	Urban and suburban areas in San Diego County, CA (USA)
	√
	√
	 	√
	Self-help walking program with weekly diaries with or without pedometers
	√
	 	 	√
	 
	Gebel (2011) [71]
	Wheeling and Parkersburg, WV (USA)
	√
	 	 	√
	Population-wide mass media intervention
	√
	 	√
	 	 
	Lee (2012) [72]
	Houston and Austin, TX (USA)
	 	√
	√
	 	6-month group cohesion intervention to promote walking among African-American and Hispanic/Latino women
	√
	√
	√
	√
	 
	Barnes (2013) [73]
	Perth metropolitan area (Australia)
	 	√
	 	√
	Television mass media campaign promoting 30 min of daily physical activity
	√
	 	 	 	√

	King (2017) [74]
	4 US metropolitan areas
	 	√
	√
	 	Center- and home-based physical activity intervention among older adults
	√
	 	√
	√
	√

	Jilcott Pitts (2017) [75]
	Lenoir County in rural eastern NC (USA)
	√
	√
	 	√
	Four monthly lifestyle counseling sessions, including PA promotion
	√
	√
	 	√
	 
	Perez (2018) [76]
	San Diego County, CA (USA)
	√
	 	√
	 	12 months of promotoras-led exercise classes at or near churches and PA promotion provided to Latino women
	√
	√
	√
	 	 
	Lo (2019 )[77]
	Rural towns in MT and NY (USA)
	√
	√
	√
	 	6 months of exercise classes, skills building, and field-based learning provided to women in rural communities
	 	√
	√
	√
	 

Note: Instructor-led interventions included some component of structured or organized sessions in which participants engaged in physical activity together led by the intervention team; self-directed interventions included physical activity promotion in various formats (e.g., telephone, web-based, in-person) but did not include structured or organized sessions; see text for description of valence of results



Inconsistency across studies is likely due to differences in environment factors examined and their measurement (e.g., perceived versus objectively derived), differences in physical activity measurement, and differences in sample characteristics. Many existing studies did not originally collect neighborhood environment data and are under-powered to detect potential moderation effects of neighborhood environment. Moreover, these studies were not designed to maximize variability in neighborhood environments in which participants live, although there is a recent exception [15]. There is also limited evidence about whether neighborhood environment influences the maintenance of physical activity gains after intervention ends. Furthermore, these studies assess neighborhood characteristics that might affect individuals, but are less tailored to understanding how the specific characteristics of the individuals (e.g., sex, socioeconomic status (SES)) or changes during intervention (e.g., increased self-efficacy) in those spaces intersects to drive outcomes.
Conceptual approaches related to precision health
Through better spatial data and geographic information systems, our understanding of and ability to characterize built environment at the individual level has improved substantially and highlights marked differences across individuals in the environments in which they live. Interventions may need to be personalized to the individual’s characteristics (medical, demographic, etc.), the environments in which people spend their time, and the purpose of physical activity that is undertaken (e.g., utilitarian vs. recreational) [16]. For instance, perhaps more self-directed and lower intensity interventions like mass media campaigns could be targeted toward people living in neighborhood environments that are more walkable, as such environments are already supportive of walking. Alternatively, more structured interventions with instructor-led physical activity sessions at safe and accessible facilities may be needed for people living in less favorable environments.
Current bottom line
Built environment improvements are needed to make physical activity easier and safe, particularly for communities with known inequities in physical activity access and resources. However, given that the built environment changes slowly, a better understanding of how an individual’s built environment influences attempts to increase physical activity, particularly as this may vary based on an individual’s medical, social, and other circumstances, may help to target interventions and improve outcomes. This interest in how walkability influences health behavior changes is growing as we seek to match interventions to the environmental contexts in which people live, work, and play [17].
Green spaces
Background
One salient aspect of the physical environment that has received increased scrutiny in the last decade is green space [18]. With the plethora of data on the positive effect of green spaces on various health outcomes [19, 20], a recent theoretical framework offered three general functions to unravel how green space impacts human health [21]: harm reduction (e.g., reducing exposure to heat and air pollution), restoring capacities (e.g., physiological stress recovery), and building capacities, whereby green spaces promote physical activity. Most epidemiological studies demonstrate a positive association between green spaces and physical activity [22], suggesting that green space interventions could be used as a health-promoting strategy, though causality remains uncertain.
Context motivating precision health
The association between green space and activity may be modified by gender. Compared to men, women seem more likely to use parks and parklands [23], and the likelihood for being physically active is in fact lower for men in neighborhoods with higher green space [24]. This role that gender plays in the association between green space and physical activity may be modified by age as an increase in green space was associated with increases in physical activity in boys but not girls [25].
Given that adolescent health behaviors predict behavior in adults, understanding how green spaces affect physical activity in youth may lead to targeted strategies that can have long-term benefits for adults [26]. Younger school-age children demonstrated higher moderate to vigorous physical activity (MVPA) in school compared with their older counterparts, whereas older boys accumulated more outdoor MVPA in urban green space than younger children [27]. As the age of youth/children affects where they are more likely to exercise, this highlights the importance of targeting specific green space interventions to those who will benefit most (e.g., younger children and school ground greening initiatives).
As highlighted, physical activity can increase with greening [28, 29], and generally, greenness reduces socioeconomic inequalities; however, new evidence suggests that benefits appear to be less in socioeconomically deprived areas [30].
Conceptual approaches related to precision health
Given that the effects of green space on physical activity can be modified by a number of factors, when planning interventions, it is important to consider the age, sex, and SES of individuals.
As younger children appear to engage in more physical activity at school, targeting nature-based interventions, such as increasing green space in proximity to schools or programs within schools that encourage physical activity in green space, could increase overall physical activity in this age group. In contrast, as adolescents appear to undertake more physical activity outdoors, increasing access and connectivity to green areas around the schools could further increase their overall level of physical activity.
In low socioeconomic areas, the effects of green space on activity appear to be limited; therefore, integrating additional programs to support physical activity is necessary. For example, programs that support safety and address limitations to physical activity such as access to childcare and activity equipment (e.g., bike share programs) would be beneficial. Furthermore, municipal engineers and planners should include additional features (e.g., lighting) that improve a sense of safety and comfort.
Regardless of urban or rural living settings, esthetically pleasing green spaces and physical activity have synergistic effects [31–33]. When investigating the interplay between physical activity and green spaces, aspects such as the restoration pathway, which incorporates stress recovery and increased social contact, should be considered as this pathway may be bolstered by green spaces, in particular for older and younger segments of the population [34–37].
A precision medicine solution could involve a dual approach of combining improvement of the physical environments of green spaces with social engagement elements that are gender and age tailored [33, 38, 39]. However, such a solution would need to consider the geography, climate, cultural preferences, and the makeup of the local population.
Current bottom line
Increasing green space has the potential to improve health in two key ways. Firstly, green space can modify the physical environment to reduce heat and air pollution and therefore, reduce the physiological burden of heat or air pollution when individuals are physically active. Secondly, green space itself can increase physical activity; however, the potential for this to occur is context specific. Therefore, green space interventions should aim to take into account ways in which different groups (e.g., age, sex, SES) need to be differentially supported (e.g., improvements in safety, access to childcare) or motivated through these interventions (e.g., social engagement).
Traffic-related air pollution
Background
The physical environment plays an important role in determining physical activity and air pollution concentrations. In urban environments, densification, street canyons, and high-traffic routes can create air pollution hotspots [40, 41]. In rural environments, woodstove use, backyard, and agriculture burning can also contribute to particular air pollution patterns [42–44].
Context motivating precision health
As air pollution concentrations increase, individuals, particularly women and those with obesity or respiratory disease, are less likely to participate in physical activity [45–50]. In the absence of data on individual exposure-response relationships, it is unclear if the decrease in physical activity is necessary or wise. Given that the benefits of exercise generally outweigh adverse effects of air pollution [6, 8], many individuals could actually be increasing their health burden by forgoing physical activity.
Facing such uncertainty, individuals are advised to reduce the intensity and amount of physical activity during times of high air pollution, which is typically motivated by “an abundance of caution”. Media alerts and physician advice can play a role in encouraging individuals to modify behavior as air pollution worsens. Specifically, those who received advice from a physician reduced outdoor activity more in response to media alerts than those who did not receive physician advice [46]. Unfortunately, advice to reduce physical activity during poor air quality, in an attempt to minimize short-term harm, may effectively work against the long-term benefits of exercise. Though resolving this balance seems important, there is scarce literature with solid evidence that assesses personalized approaches to exercise in polluted environments.
Conceptual approaches related to precision health
As exercise is clearly beneficial to physical and mental health [51, 52], it is necessary to understand individual’s goals and risk profile to ensure that, if individuals forgo exercise due to air pollution, these behavior changes are warranted. For example, heavy exercise in areas with high levels of ozone can increase the incidence of asthma in children [53]; therefore, in this subgroup, avoiding exercise during times of high ozone may be necessary. Those with pre-existing respiratory and cardiovascular disease are at an increased risk of the health effects of air pollution, and this risk may be augmented by genetics [54]. Therefore, such susceptible individuals may be counseled to minimize their baseline health risks through lifestyle factors such as diet and physical activity [55].
Since exercising in air pollution can lead to increased discomfort and perceived exertion [56], there is a concern that individuals will be more likely to terminate exercise prematurely. However, it seems that perceived exertion, as opposed to other measures of intensity (e.g., heart rate, running speed etc.), could be a reasonable individual metric to moderate intensities during bouts of air pollution.
Currently, air pollution exposure can be best estimated for large populations through regional modeling, though data is increasingly available for small groups and individuals through personal exposure monitors. Using these monitors in conjunction with smartphones and apps designed to collect health, physiological, and activity (e.g., time-activity patterns) data could facilitate a more precise exercise plan. Specifically, by integrating the use of personalized air pollution monitoring, individuals could receive targeted alerts that are specific to their own health metrics and their own proposed exercise session. However, at the individual level, there are limited data relating air pollution exposure during exercise to health outcomes; therefore, designing such an integrated system will require validation through well-designed research studies. Therefore, planners and officials should consider bringing together scientists with expertise in exposure, health, and exercise science to design and validate tools that integrate personal air pollution exposure with time-activity patterns and individual health metrics.
Current bottom line
Current knowledge supports more broad-based rather than individually targeted advice on air quality exposure. Specifically, individuals should engage in routine physical activity as this improves baseline health, builds resilience, and therefore, attenuates the risk of air pollution-related health effects [55]. During times of particularly poor air quality, some modifications may be warranted, but exercise need not be forestalled completely—for example, activity in an air-conditioned space will attenuate risk and, if exercising outdoors, separation from traffic is wise.
As women, those with asthma and those with obesity are more likely to attenuate physical activity in areas with high air pollution; particular attention to these groups seems warranted. As evidence grows, personal monitors and apps may prove valid in terms of effectively guiding exercise through integration of pollution data, but caution is warranted; technology- and genetic-driven approaches to personalization in this context are attractive but remain unproven and would need to show clear benefit beyond that associated with non-personalized public health messaging alone. In the interim, guiding exercise through perceived exertion could be a simple personalized approach.
Heat
Background
Humans are innately adaptable to activity in hot environments; however, with anthropogenic climate change, mean temperatures and the frequency and severity of heat waves will likely increase.
Healthy humans respond to physical activity in the heat by maximizing heat loss through radiation, convection, and evaporation. When the normal response to heat does not prevent an excessive increase in core temperature, exertional heat illness (EHI) can occur. Heat exhaustion is the most common manifestation of EHI and responds well to rest, hydration, and a cooler environment; however, heat stroke can lead to alterations in level of consciousness, coma, and in rare circumstances even death [57]. Since exercise in the heat can lead to increased discomfort and health risk, there is a concern that physical activity participation levels will decrease [58] if mitigating strategies are not adopted. Therefore, there is a concern that with climate change, physical activity will become riskier and less frequent, especially in vulnerable populations [59], leading to poorer health status for these groups.
Context motivating precision health
The health risks related to increased temperatures are not evenly distributed, with older adults and children being considered vulnerable populations. With aging, the ability to regulate core temperature is diminished, leading to disproportionately high mortality in those over 50 [60] and especially those over 75 years of age [61]. Young children also have difficulties with thermoregulation in the heat due to their relatively smaller surface area.
Finally, urban dwellers are another population to consider, due to the existence of urban “heat islands,” which occur due to less vegetation, distorted airflow patterns, and anthropogenic heat production leading to increases in daytime temperatures by up to 4° C [62]. Such heat islands inhibit the cooling that typically occurs at night, which can be problematic since night time can otherwise be a convenient time to exercise.
Conceptual approaches related to precision health
Using personalized physical activity guidance to mitigate the uneven distribution of risks when exercising in the heat is a challenge since so many factors play a role in heat tolerance. Genetics may increase the risk for EHI; therefore, there is the potential for genetic screening to identify personalized heat illness risk, and therefore, in these groups, special attention could be paid to physical activity guidance in the heat [63]. Core temperature is the most important variable to measure, but this is not straightforward. The most proven and usable sensors, pills that transmit temperature to an external reader, are used primarily in research and are not practical for use by consumers. Many wearable devices (such as smart watches and bracelets) have temperature sensors, but these do not accurately capture core temperature. Wearable sweat sensors, with the potential to measure not only electrolyte content but also other sweat constituents, may play a role in mitigating risk by guiding hydration and nutritional intake. However, it is unclear whether this is superior to using urine color
Heat acclimation is critical to safety at elevated temperatures. With exposure to heat, an adaptive response lowers core temperature. Since core temperature generally rises during physical activity, exercise training even under temperate conditions provides significant acclimation. Thus, minimizing sedentary behavior year round and promoting physical fitness are critical. Secondary recommendations include wearing appropriate clothing during activity that maximizes heat loss and ensuring adequate hydration during and following physical activity [64].
All of the above are important especially for at-risk community members, though each individual’s limits need be respected. For example, in those with impaired kidney function, dehydration may pose particular risk, while overhydration can be a challenge for those with congestive heart failure.
Public awareness programs around safe practices in the heat with regards to physical activity should be a key role of governments in this area. The response to previous heat waves is illustrative. Following the 2003 heat waves in France (14,800 deaths in 3 weeks [65]), the French government instituted a nationwide alert system that reduced mortality in subsequent events [66]. A telephone hotline, targeting the vulnerable, offered emergency assistance and provided advice, including limiting physical activity [67]. From a planning point of view, mitigating the urban heat island effect by maximizing the presence of vegetation and employing lighter colored materials on exposed surfaces should be a primary consideration.
Current bottom line
Heat is a stressor that is generally well tolerated but can pose particular threats to health with physical activity. Advice regarding prevention of heat-related illness (acclimatization and hydration) is broadly applicable, but personalized approaches include providing extra caution to at risk groups such as the elderly, children, and those with kidney and heart disease. Additionally, consideration of personal temperature-, electrolyte-, and heart rate-based prescriptions (subject to pending evidence of effectiveness), and individualized advice responsive to circumstance such as local climate, urban geography, and temporal flexibility will be beneficial.
Conclusion
In order to derive the considerable health benefits from physical activity, populations need to be more physically active. It is well documented that there is variability in response to physical activity and exercise interventions. To advance both the science and application of physical activity and exercise, moving beyond the “one size fits all” to a precision-based approach is critical. Personal characteristics such as self-efficacy, health metrics, sex, age, SES, and genetic predisposition may make an individual more or less likely to succeed in attempts to increase physical activity. However, as suggested by ecological models, the physical environment may also influence such attempts, and so we have considered the role of physical environment in the process of evolving to that more individualized “prescription”.
It is worth emphasizing a few key points that emerge from the four themes we have explored. First, in some cases, generic (non-personalized) approaches may be more effective, or at least more cost-effective, than those tailored to one person’s physical environment. It is possible that trying to use environmental context to give precise individualized activity will in some settings prove unnecessarily complex or confusing. Moving forward, we will need to seek evidence carefully and specifically to prove that precision works.
That said, we are optimistic that the benefits of precision health for physical activity in the context of the physical environment will become clear. Ultimately, the accessibility, features, condition, and actual and perceived safety of their surrounding environment influence engaging in any type of physical activity. However, to orient efforts moving ahead, it is useful to take into account personal elements (e.g., medical conditions, sex, age, SES, self-efficacy) and how these interact with the physical environment to modify the benefits of or likelihood to participate in physical activity.
In some situations, semi-personalized advice (e.g., to groups with particular conditions, barriers, or environmental constraints in common), rather than that precisely individualized, may be more pragmatic
Finally, we recognize that there are many factors related to the physical environment that we have not considered here; however, these four factors were chosen to provide a breadth and depth of information that will be useful for others moving forwards. In future, more research will be needed to determine the effectiveness and feasibility of providing greater precision to exercise recommendations in relation to the physical environment.
Acknowledgements
Not applicable

Authors’ contributions
LG contributed to the conception, planning, drafting, and final approval of the work.
BS contributed to the conception, planning, drafting, and final approval of the work.
HS contributed to the conception, planning, drafting, and final approval of the work.
MK contributed to the conception, planning, drafting, and final approval of the work.
CC contributed to the conception, planning, drafting, and final approval of the work.
The authors read and approved the final manuscript.

Funding
The Physical Activity for Precision Health Research Cluster received funding from the Office of the Vice-President Research & Innovation, University of British Columbia. The Physical Activity for Precision Health Workshop was supported by the Research Cluster and Canadian Institutes of Health Research grant (PCS-158389).

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or analyzed during the current study.

Declarations
Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.


References
	1.
Centre for Disease Control (2020) Precision health: improving health for each of us and all of us. https://​www.​cdc.​gov/​genomics/​about/​precision_​med.​htm. Accessed 1 May 2021

	2.
Gambir SS, Ge TJ, Vermesh O, Spitler R. Toward achieving precision health. [Miscellaneous Article]. Sci Transl Med. 2018;10:eaao3612.Crossref

	3.
Smith M, Hosking J, Woodward A, Witten K, MacMillan A, Field A, et al. Systematic literature review of built environment effects on physical activity and active transport - an update and new findings on health equity. Int J Behav Nutr Phys Act. 2017;14(1):158. https://​doi.​org/​10.​1186/​s12966-017-0613-9.CrossrefPubMedPubMedCentral

	4.
Christine PJ, Auchincloss AH, Bertoni AG, Carnethon MR, Sanchez BN, Moore K, et al. Longitudinal associations between neighborhood physical and social environments and incident type 2 diabetes mellitus: the Multi-Ethnic Study of Atherosclerosis (MESA). JAMA Intern Med. 2015;175(8):1311–20. https://​doi.​org/​10.​1001/​jamainternmed.​2015.​2691.CrossrefPubMedPubMedCentral

	5.
Mayne SL, Auchincloss AH, Michael YL. Impact of policy and built environment changes on obesity-related outcomes: a systematic review of naturally occurring experiments. Obes Rev. 2015;16(5):362–75. https://​doi.​org/​10.​1111/​obr.​12269.CrossrefPubMedPubMedCentral

	6.
Tainio M, de Nazelle AJ, Götschi T, Kahlmeier S, Rojas-Rueda D, Nieuwenhuijsen MJ, et al. Can air pollution negate the health benefits of cycling and walking? Prev Med. 2016;87:233–6. https://​doi.​org/​10.​1016/​j.​ypmed.​2016.​02.​002.CrossrefPubMedPubMedCentral

	7.
Zuurbier M, Hoek G, Oldenwening M, Lenters V, Meliefste K, van den Hazel P, et al. Commuters’ exposure to particulate matter air pollution is affected by mode of transport, fuel type, and route. Environ Health Perspect. 2010;118(6):783–9. https://​doi.​org/​10.​1289/​ehp.​0901622.CrossrefPubMedPubMedCentral

	8.
de Hartog JJ, Boogaard H, Nijland H, Hoek G. Do the health benefits of cycling outweigh the risks? Environ Health Perspect. 2010;118(8):1109–16. https://​doi.​org/​10.​1289/​ehp.​0901747.CrossrefPubMedCentral

	9.
Cutrufello PT, Smoliga JM, Rundell KW. Small things make a big difference: particulate matter and exercise. Sports Med. 2012;42(12):1041–58. https://​doi.​org/​10.​1007/​BF03262311.CrossrefPubMed

	10.
Saelens BE, Handy SL. Built environment correlates of walking: a review. Med Sci Sports Exerc. 2008;40(7):S550–66. https://​doi.​org/​10.​1249/​MSS.​0b013e31817c67a4​.CrossrefPubMedPubMedCentral

	11.
Michael YL, Carlson NE. Analysis of individual social-ecological mediators and moderators and their ability to wxplain effect of a randomized neighborhood walking intervention. Int J Behav Nutr Phys Act. 2009;6(1):49. https://​doi.​org/​10.​1186/​1479-5868-6-49.CrossrefPubMedPubMedCentral

	12.
King AC, Toobert D, Ahn D, Resnicow K, Coday M, Riebe D, et al. Perceived environments as physical activity correlates and moderators of intervention in five studies. Am J Health Promot. 2006;21(1):24–35. https://​doi.​org/​10.​1177/​0890117106021001​06.CrossrefPubMed

	13.
King AC, Marcus B, Ahn D, Dunn AL, Rejeski WJ, Sallis JF, et al. Identifying subgroups that succeed or fail with three levels of physical activity intervention: the Activity Counseling Trial. Health Psychol. 2006;25:336–47.Crossref

	14.
Kerr J, Norman GJ, Adams MA, Ryan S, Frank L, Sallis JF, et al. Do neighborhood environments moderate the effect of physical activity lifestyle interventions in adults? Health Place. 2010;16(5):903–8. https://​doi.​org/​10.​1016/​j.​healthplace.​2010.​05.​002.CrossrefPubMedPubMedCentral

	15.
Adams MA, Hurley JC, Phillips CB, Todd M, Angadi SS, Berardi V, et al. Rationale, design, and baseline characteristics of WalkIT Arizona: a factorial randomized trial testing adaptive goals and financial reinforcement to increase walking across higher and lower walkable neighborhoods. Contemp Clin Trials. 2019;81:87–101. https://​doi.​org/​10.​1016/​j.​cct.​2019.​05.​001.CrossrefPubMedPubMedCentral

	16.
Kang B, Moudon AV, Hurvitz PM, Saelens BE. Differences in behavior, time, location, and built environment between objectively measured utilitarian and recreational walking. Transp Res D Transp Env. 2017;57:185–94. https://​doi.​org/​10.​1016/​j.​trd.​2017.​09.​026.Crossref

	17.
Saelens BE, Arteaga SS, Berrigan D, Ballard RM, Gorin AA, Powell-Wiley TM, et al. Accumulating Data to Optimally Predict Obesity Treatment (ADOPT) core measures: environmental domain. Obes. 2018;26(Suppl 2):S35–44.Crossref

	18.
Owen N, Humpel N, Leslie E, Bauman A, Sallis JF. Understanding environmental influences on walking; review and research agenda. Am J Prev Med. 2004;27(1):67–76. https://​doi.​org/​10.​1016/​j.​amepre.​2004.​03.​006.CrossrefPubMed

	19.
van den Berg M, Wendel-Vos W, van Poppel M, Kemper H, van Mechelen W, Maas J. Health benefits of green spaces in the living environment: a systematic review of epidemiological studies. Urban For Urban Green. 2015;14(4):806–16. https://​doi.​org/​10.​1016/​j.​ufug.​2015.​07.​008.Crossref

	20.
Kondo MC, Fluehr JM, McKeon T, Branas CC. Urban green space and its impact on human health. Int J Environ Res Public Health. 2018;15(3). https://​doi.​org/​10.​3390/​ijerph15030445.

	21.
Markevych I, Schoierer J, Hartig T, Chudnovsky A, Hystad P, Dzhambov AM, et al. Exploring pathways linking greenspace to health: theoretical and methodological guidance. Environ Res. 2017;158:301–17. https://​doi.​org/​10.​1016/​j.​envres.​2017.​06.​028.CrossrefPubMed

	22.
Fong KC, Hart JE, James P. A review of epidemiologic studies on greenness and health: updated literature through 2017. Curr Env Heal Rep. 2018;5(1):77–87. https://​doi.​org/​10.​1007/​s40572-018-0179-y.Crossref

	23.
Kaczynski AT, Potwarka LR, Smale BJA, Havitz ME. Association of parkland proximity with neighborhood and park-based physical activity: variations by gender and age. Leis Sci. 2009;31(2):174–91. https://​doi.​org/​10.​1080/​0149040080268604​5.Crossref

	24.
Prince SA, Kristjansson EA, Russell K, Billette J-M, Sawada M, Ali A, et al. A multilevel analysis of neighbourhood built and social environments and adult self-reported physical activity and body mass index in Ottawa, Canada. Int J Environ Res Public Health. 2011;8(10):3953–78. https://​doi.​org/​10.​3390/​ijerph8103953.CrossrefPubMedPubMedCentral

	25.
Sanders T, Feng X, Fahey PP, Lonsdale C, Astell-Burt T. The influence of neighbourhood green space on children’s physical activity and screen time: findings from the longitudinal study of Australian children. Int J Behav Nutr Phys Act. 2015;12(1):126. https://​doi.​org/​10.​1186/​s12966-015-0288-z.CrossrefPubMedPubMedCentral

	26.
Rainham DG, Bates CJ, Blanchard CM, Dummer TJ, Kirk SF, Shearer CL. Spatial classification of youth physical activity patterns. Am J Prev Med. 2012;42(5):e87–96. https://​doi.​org/​10.​1016/​j.​amepre.​2012.​02.​011.CrossrefPubMed

	27.
Klinker CD, Schipperijn J, Kerr J, Ersbøll AK, Troelsen J. Context-specific outdoor time and physical activity among school-children across gender and age: using accelerometers and GPS to advance methods. Front Public Health. 2014;2. https://​doi.​org/​10.​3389/​fpubh.​2014.​00020.

	28.
Branas CC, Cheney RA, MacDonald JM, Tam VW, Jackson TD, Ten Have TR. A difference-in-differences analysis of health, safety, and greening vacant urban space. Am J Epidemiol. 2011;174(11):1296–306. https://​doi.​org/​10.​1093/​aje/​kwr273.CrossrefPubMedPubMedCentral

	29.
Ward Thompson C, Roe J, Aspinall P. Woodland improvements in deprived urban communities: what impact do they have on people’s activities and quality of life? Landsc Urban Plan. 2013;118:79–89. https://​doi.​org/​10.​1016/​j.​landurbplan.​2013.​02.​001.Crossref

	30.
Gubbels JS, Kremers SPJ, Droomers M, Hoefnagels C, Stronks K, Hosman C, et al. The impact of greenery on physical activity and mental health of adolescent and adult residents of deprived neighborhoods: a longitudinal study. Health Place. 2016;40:153–60. https://​doi.​org/​10.​1016/​j.​healthplace.​2016.​06.​002.CrossrefPubMed

	31.
Reed K, Wood C, Barton J, Pretty JN, Cohen D, Sandercock GRH. A repeated measures experiment of green exercise to improve self-esteem in UK school children. PLoS One. 2013;8(7):e69176. https://​doi.​org/​10.​1371/​journal.​pone.​0069176.CrossrefPubMedPubMedCentral

	32.
Pretty J, Peacock J, Sellens M, Griffin M. The mental and physical health outcomes of green exercise. Int J Environ Health Res. 2005;15(5):319–37. https://​doi.​org/​10.​1080/​0960312050015596​3.CrossrefPubMed

	33.
MacIntyre C. Nieuwenhuijsen M. Collier M. Gritzka S. and Warrington G. TEG (2019) Nature-based interventions cities: a look ahead. In: Donnelly TE. AAM (ed) Phys. Act. Nat. Settings. Routledge, pp 335–348

	34.
Almanza E, Jerrett M, Dunton G, Seto E, Pentz MA. A study of community design, greenness, and physical activity in children using satellite, GPS and accelerometer data. Health Place. 2012;18(1):46–54. https://​doi.​org/​10.​1016/​j.​healthplace.​2011.​09.​003.CrossrefPubMed

	35.
Grigsby-Toussaint DS, Chi SH, Fiese BH, Group SKPW. Where they live, how they play: neighborhood greenness and outdoor physical activity among preschoolers. Int J Health Geogr. 2011;10(1):66. https://​doi.​org/​10.​1186/​1476-072X-10-66.Crossref

	36.
Koeneman MW, Chinapaw MJM, Hopman-Rock M, MAV. Determinants of physical activity and exercise in healthy older adults: a systematic review. Int J Behav Nutr Phys Act. 2011;8(1):142. https://​doi.​org/​10.​1186/​1479-5868-8-142.CrossrefPubMedPubMedCentral

	37.
Nordbø ECA, Raanaas RK, Nordh H, Aamodt G. Neighborhood green spaces, facilities and population density as predictors of activity participation among 8-year-olds: a cross-sectional GIS study based on the Norwegian mother and child cohort study. BMC Public Health. 2019;19(1):1426. https://​doi.​org/​10.​1186/​s12889-019-7795-9.CrossrefPubMedPubMedCentral

	38.
Chow HW, Wu DR. Outdoor fitness equipment usage behaviors in natural settings. Int J Environ Res Public Health. 2019;16(3). https://​doi.​org/​10.​3390/​ijerph16030391.

	39.
Hunter RF, Christian H, Veitch J, Astell-Burt T, Hipp JA, Schipperijn J. The impact of interventions to promote physical activity in urban green space: a systematic review and recommendations for future research. Soc Sci Med. 2015;124:246–56. https://​doi.​org/​10.​1016/​j.​socscimed.​2014.​11.​051.CrossrefPubMed

	40.
Wehner W, Gnauk T, Wiedensohler A, BB. Particle number size distributions in a street canyon and their transformation into the urban-air background: measurements and a simple model study. Atmos Environ. 2002;36(13):2215–23. https://​doi.​org/​10.​1016/​S1352-2310(02)00174-7.Crossref

	41.
Rodríguez L, Oueslati W, MCD-C. Air pollution and urban structure linkages: evidence from European cities. Renew Sust Energ Rev. 2016;53:1–9. https://​doi.​org/​10.​1016/​j.​rser.​2015.​07.​190.Crossref

	42.
Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, et al. Woodsmoke health effects: a review. Inhal Toxicol. 2007;19(1):67–106. https://​doi.​org/​10.​1080/​0895837060098587​5.CrossrefPubMed

	43.
Bauer SE, Tsigaridis K, Miller R. Significant atmospheric aerosol pollution caused by world food cultivation. Geophys Res Lett. 2016;43(10):5394–400. https://​doi.​org/​10.​1002/​2016GL068354.Crossref

	44.
Semmens EO, Noonan CW, Allen RW, Weiler EC, Ward TJ. Indoor particulate matter in rural, wood stove heated homes. Environ Res. 2015;138:93–100. https://​doi.​org/​10.​1016/​j.​envres.​2015.​02.​005.CrossrefPubMedPubMedCentral

	45.
Yu H, Cheng J, Gordon SP, An R, Yu M, Chen X, et al. Impact of air pollution on sedentary behavior: a cohort study of freshmen at a university in Beijing, China. Int J Environ Res Public Health. 2018;15(12):2811. https://​doi.​org/​10.​3390/​ijerph15122811.CrossrefPubMedCentral

	46.
Wen XJ, Balluz L, Mokdad A. Association between media alerts of air quality index and change of outdoor activity among adult asthma in six states, BRFSS, 2005. J Community Health. 2009;34(1):40–6. https://​doi.​org/​10.​1007/​s10900-008-9126-4.CrossrefPubMed

	47.
Roberts JD, Voss JD, Knight B. The association of ambient air pollution and physical inactivity in the United States. PLoS ONE. 2014;9:e90143.Crossref

	48.
Hu L, Zhu L, Xu Y, Lyu J, Imm K, Yang L. Relationship between air quality and outdoor exercise behavior in China: a Novel Mobile-Based Study. Int J Behav Med. 2017;24(4):520–7. https://​doi.​org/​10.​1007/​s12529-017-9647-2.CrossrefPubMed

	49.
An R, Xiang X. Ambient fine particulate matter air pollution and leisure-time physical inactivity among US adults. Public Health. 2015;129(12):1637–44. https://​doi.​org/​10.​1016/​j.​puhe.​2015.​07.​017.CrossrefPubMed

	50.
An R, Zhang S, Ji M, Guan C. Impact of ambient air pollution on physical activity among adults: a systematic review and meta-analysis. Perspect Public Health. 2018;138(2):111–21. https://​doi.​org/​10.​1177/​1757913917726567​.CrossrefPubMed

	51.
Chekroud SR, Gueorguieva R, Zheutlin AB, Paulus M, Krumholz HM, Krystal JH, et al. Association between physical exercise and mental health in 1.2 million individuals in the USA between 2011 and 2015: a cross-sectional study. Lancet Psychiatry. 2018;5(9):739–46. https://​doi.​org/​10.​1016/​S2215-0366(18)30227-X.CrossrefPubMed

	52.
Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. Cmaj. 2006;174(6):801–9. https://​doi.​org/​10.​1503/​cmaj.​051351.CrossrefPubMedPubMedCentral

	53.
McConnell R, Berhane K, Gilliland F, London SJ, Islam T, Gauderman WJ, et al. Asthma in exercising children exposed to ozone: a cohort study. Lancet. 2002;359(9304):386–91. https://​doi.​org/​10.​1016/​S0140-6736(02)07597-9.CrossrefPubMed

	54.
Carlsten C, Rider CF. Traffic-related air pollution and allergic disease: an update in the context of global urbanization. Curr Opin Allergy Clin Immunol. 2017;17(2):85–9. https://​doi.​org/​10.​1097/​ACI.​0000000000000351​.CrossrefPubMed

	55.
Giles LV, Barn P, Kunzli N, et al. From good intentions to proven interventions: effectiveness of actions to reduce the health impacts of air pollution. Environ Health Perspect. 2011;119(1):29–36. https://​doi.​org/​10.​1289/​ehp.​1002246.CrossrefPubMed

	56.
Giles LV, Brandenburg JP, Carlsten C, Koehle MS. Physiological responses to diesel exhaust exposure are modified by cycling intensity. Med Sci Sports Exerc. 2014;46(10):1999–2006. https://​doi.​org/​10.​1249/​MSS.​0000000000000309​.CrossrefPubMed

	57.
Nichols AW. Heat-related illness in sports and exercise. Curr Rev Musculoskelet Med. 2014;7(4):355–65. https://​doi.​org/​10.​1007/​s12178-014-9240-0.CrossrefPubMedPubMedCentral

	58.
Zivin JG, Neidell M. Temperature and the allocation of time: implications for climate change. J Labor Econ. 2014;32(1):1–26. https://​doi.​org/​10.​1086/​671766.Crossref

	59.
Wallace JP, Wiedenman E, McDermott RJ. Physical activity and climate change: clear and present danger? Heal Behav Policy Rev. 2019;6(5):534–45. https://​doi.​org/​10.​14485/​HBPR.​6.​5.​11.Crossref

	60.
Kovats RS, Hajat S. Heat stress and public health: a critical review. Annu Rev Public Health. 2008;29(1):41–55. https://​doi.​org/​10.​1146/​annurev.​publhealth.​29.​020907.​090843.CrossrefPubMed

	61.
Canoui-poitrine F, Cadot E, Spira A. Excess deaths during the August 2003 heat wave. Epidemiol Public Heal. 2006;54:127–35.

	62.
Wuebbles DJ, Fahey DW, Hibbard KA, Dokken DJ, Stewart BC, Maycock TK. Climate science special report: fourth National Climate Assessment. US Glob Chang Res Progr. 2017. https://​doi.​org/​10.​7930/​J0J964J6.

	63.
Li Y, Wang Y, Ma L. An association study of CASQ1 gene polymorphisms and heat stroke. Genom Proteomics Bioinform. 2014;12(3):127–32. https://​doi.​org/​10.​1016/​j.​gpb.​2014.​03.​004.Crossref

	64.
Sawka MN, Burke LM, Eichner ER, Maughan RJ, Montain SJ, Stachenfeld NS. Exercise and fluid replacement. Med Sci Sports Exerc. 2007;39(2):377–90. https://​doi.​org/​10.​1249/​mss.​0b013e31802ca597​.CrossrefPubMed

	65.
Ledrans M, Pirard P, Tillaut H, et al. La vague de chaleur d’août 2003 : que s’est-il passé ? : Pathologies liées à la chaleur = The heat wave in France in august 2003: what happened? Rev Prat. 2004.

	66.
Fouillet A, Rey G, Wagner V, Laaidi K, Empereur-Bissonnet P, le Tertre A, et al. Has the impact of heat waves on mortality changed in France since the European heat wave of summer 2003? A study of the 2006 heat wave. Int J Epidemiol. 2008;37(2):309–17. https://​doi.​org/​10.​1093/​ije/​dym253.CrossrefPubMed

	67.
Bosch X. France makes heatwave plans to protect elderly people. Lancet. 2004;363(9422):1708. https://​doi.​org/​10.​1016/​S0140-6736(04)16292-2.CrossrefPubMed

	68.
Sallis JF, King AC, Sirard JR, Albright CL. Perceived environmental predictors of physical activity over 6 months in adults: activity counseling trial. Health Psychol. 2007;26(6):701–9. https://​doi.​org/​10.​1037/​0278-6133.​26.​6.​701.CrossrefPubMed

	69.
Zenk SN, Wilbur J, Wang E, McDevitt J, Oh A, Block R, et al. Neighborhood environment and adherence to a walking intervention in African American women. Health Educ Behav. 2009;36(1):167–81. https://​doi.​org/​10.​1177/​1090198108321249​.CrossrefPubMed

	70.
Merom D, Bauman A, Phongsavan P, Cerin E, Kassis M, Brown W, et al. Can a motivational intervention overcome an unsupportive environment for walking--findings from the step-by-step study. Ann Behav Med. 2009;38(2):137–46. https://​doi.​org/​10.​1007/​s12160-009-9138-z.CrossrefPubMed

	71.
Gebel K, Bauman AE, Reger-Nash B, Leyden KM. Does the environment moderate the impact of a mass media campaign to promote walking? Am J Health Promot. 2011;26(1):45–8. https://​doi.​org/​10.​4278/​ajhp.​081104-ARB-269.CrossrefPubMed

	72.
Lee RE, Mama SK, Medina AV, Ho A, Adamus HJ. Neighborhood factors influence physical activity among African American and Hispanic or Latina women. Health Place. 2012;18(1):63–70. https://​doi.​org/​10.​1016/​j.​healthplace.​2011.​08.​013.CrossrefPubMedPubMedCentral

	73.
Barnes R, Giles-Corti B, Bauman A, Rosenberg M, Bull FC, Leavy JE. Does neighbourhood walkability moderate the effects of mass media communication strategies to promote regular physical activity? Ann Behav Med. 2013;45(Suppl 1):S86–94.Crossref

	74.
King AC, Salvo D, Banda JA, Ahn DK, Chapman JE, Gill TM, et al. Preserving older adults’ routine outdoor activities in contrasting neighborhood environments through a physical activity intervention. Prev Med. 2017;96:87–93. https://​doi.​org/​10.​1016/​j.​ypmed.​2016.​12.​049.CrossrefPubMed

	75.
Jilcott Pitts SB, Keyserling TC, Johnston LF, Evenson KR, McGuirt JT, Gizlice Z, et al. Examining the association between intervention-related changes in diet, physical activity, and weight as moderated by the food and physical activity environments among rural, southern adults. J Acad Nutr Diet. 2017;117(10):1618–27. https://​doi.​org/​10.​1016/​j.​jand.​2017.​04.​012.CrossrefPubMedPubMedCentral

	76.
Perez LG, Kerr J, Sallis JF, Slymen D, McKenzie TL, Elder JP, et al. Perceived neighborhood environmental factors that maximize the effectiveness of a multilevel intervention promoting physical activity among Latinas. Am J Health Promot. 2018;32(2):334–43. https://​doi.​org/​10.​1177/​0890117117742999​.CrossrefPubMed

	77.
Lo BK, Graham ML, Folta SC, Paul L, Strogatz D, Nelson M, et al. Examining the associations between walk score, perceived built environment, and physical activity behaviors among women participating in a community-randomized lifestyle change intervention trial: strong hearts, healthy communities. Int J Environ Res Public Health. 2019;16(5). https://​doi.​org/​10.​3390/​ijerph16050849.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		When physical activity meets the physical environment: precision health insights from the intersection


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





